ISSN 1308-7576
e-1ISSN 1308-7584

YUZUNCU YIL UNIVERSITESI
TARIM BILIMLERI DERGISI

YYU TAR BIL DERG

YUZUNCU YIL UNIVERSITY
JOURNAL OF AGRICULTURAL SCIENCES

YYU J AGR SCI
Cilt (Volume): 30 Sayr (Number): 1 Mart (March) 2020

Van Yuzunci Yil Universitesi Ziraat Fakiiltesi, 65080 Van, Turkiye
Van Yuzuncu Yil University Agriculture Faculty, 65080 Van, Turkey
http://dergipark.gov.tr/yyutbd

Previous Names of the Journal: Yiiziincii Y1l Universitesi Ziraat Fakiiltesi Tarim
Bilimleri Dergisi (Yuzuncu Yil University, Agriculture Faculty Journal of Agriculture Science)
and Yiiziincii Y1l Universitesi Ziraat Fakultesi Dergisi (Yuzuncu Yil University, Journal of
Agriculture Faculty)

Dergimiz CAB Abstracts, FAO AGRIS/CARIS ve TUBITAK/ULAKBIM Veri
Tabanlarma girmektedir. Ulrich's Directory, EBSCO, ISC, Directory of Open Access Journals
(DOAJ), ISI Thompson Master Journal List (Zoological Record) ve SCOPUS’a dahildir.

Our Journal is abstracted in CAB Abstracts, FAO AGRIS/CARIS and TUBITAK/
ULAKBIM Data Bank. Listed in Ulrich's Directory, EBSCO, ISC, Directory of Open Access
Journals (DOAJ), ISI Thompson Master Journal List (Zoological Record) and SCOPUS.



YUZUNCU YIL UNIiVERSITESI TARIM BiLiIMLERI DERGISI
(Yiiziincii Y1l University Journal of Agricultural Sciences)

SAHIBI (OWNER)
YUZUNCU YIL UNIVERSITESI ZIRAAT FAKULTESI ADINA
(Behalf on Van Yiiziincii Y1l University, Faculty of Agriculture)

(Dekan /Dean)
Prof. Dr. Semra DEMIR

Sorumlu Mudir (Manager in charge) / Bas editor (Chief Editor)

Prof. Dr. Suat SENSOY

Yaymn Kurulu ve Yardima: Editorler (Editorial Board & Associated Editors)

ARPALL Digdem (Prof. Dr.)

ERDINC, Ceknas (Assoc. Prof. Dr.)
KARACA, Serhat (Assoc. Prof. Dr.)
KAYA, ilhan (Prof. Dr.)

KURT, Sener (Prof. Dr.)

KURTAR, Ertan Sait (Prof. Dr.)
OZASLAN PARLAK, Altingiil (Prof. Dr.)
0ZGOKCE, M. Salih (Prof. Dr.)

TOLU, Cemil (Assoc. Prof. Dr.)
TURKOGLU, Nalan (Prof. Dr.)

Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Van Yiiziincti Y1l University, Faculty of Agriculture, VAN

Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Hatay Mustafa Kemal University, Faculty of Agriculture, HATAY

Selcuk University, Faculty of Agriculture, KONYA

Canakkale Onsekiz Mart University, Faculty of Agriculture, CANAKKALE
Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Canakkale Onsekiz Mart University, Faculty of Agriculture, CANAKKALE
Van Yiiziinci Y1l University, Faculty of Agriculture, VAN

Istatistik Editorleri (Statistical Consultants)

TAKMA, Cigdem (Prof. Dr.)
YESILOVA, Abdullah (Prof. Dr.)

Ege University, Faculty of Agriculture, IZMIR
Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Konu Editorleri ve Bilimsel Daniyma Kurulu (Section Editors and Scientific Board)

ALP, Sevket (Prof. Dr.)
ALYOKHIN, Andrei V. (Assoc. Prof. Dr.)
AYGUN, Turgut (Prof. Dr.)
GULSER, Fisun (Prof. Dr.)
DEMIREL, Murat (Prof. Dr.)
JAVED, Khalid (Prof. Dr.)
KAZANKAYA, Ahmet (Prof. Dr.)
KOCSIS, Laszlé (Prof. Dr.)

SEN, Fazil (Prof. Dr.)

ROSCH, Roland (Dr.)

TEPE, Isik (Prof. Dr.)
TUNCTURK, Murat (Prof. Dr.)
TUNCTURK, Yusuf (Prof. Dr.)
TUFENKCI, Sefik (Prof. Dr.)
TURKOGLU, Nalan (Prof. Dr.)
YILDIRIM, ibrahim (Prof. Dr.)
YILDIZ, Mehtap (Assoc. Prof. Dr.)

Peyzaj Mimarlig1/ Landscape Architecture, Van Yiiziincii Y1l University

Uyg. Entomoloji (Applied Entomology)/ Maine Univ., Orono ME, USA

Hayvan Yetistirme ve Islahi1 / Animal Breeding, Van Yiiziincii Y1l University
Top. Bil. ve Bit. Bes. /Soil Science and Plant Nutrition, Van Yuzincu Yil University
Hayvan Besleme/Animal Nutrition, Van Yiiziincii Y1l University

Veterinerlik ve Hayvan Bilimleri Univ., (Animal Science)/ Lahore, Pakistan
Bahce Bitkileri/ Horticulture, Van Yiiziincii Y1l University

Bagcilik(Viticulture)/ Georgikon Fak.Pannonia Univ., Keszthely, Hungary

Su Uriinleri/Fisheries, Van Yiiziincii Y1l University

Balikcilik Aras. Ist (Fisherries) /Baden-Wiirttemberg Langenargen, Germany
Bitki Koruma/Plant Protection, Van Yiiziincii Y1l University

Tarla Bitkileri/Field Crops, Van Yiiziincii Y1l University

Gida Miihendisligi/Food Science, Van Yiiziincii Y1l University

Biyosistem Mithendisligi/Biosystem Engineering, Van Yiiziincii Y1l University
Sus Bitkileri/Ornomental Plant Production, Van Yiiziincti Y1l University

Tarim Ekonomisi/ Agricultural Economics, Van Yiiziincii Y1l University
Tarimsal Biyoteknoloji/Agricultural Biotechnology, Van Yiiziincii Y1l University

Bu Saymin Hakem Listesi (Referee List in This Number)

AGIR, Hasan Burak (Assist. Prof. Dr.)
AKSOY, Adem (Prof. Dr.)
ARMAGAN, Metin (Assoc. Prof.)
ASLAN, Harun (Assoc. Prof.)
ATASEVEN, Yener (Assoc. Prof.)
ATICI, Ataman Altug (Assist. Prof. Dr.)
AY, Hilal (Assist. Prof. Dr.)
AYDINOGLU, Bilal (Assoc. Prof.)
BAKKALBASI, Emre (Assoc. Prof.)
BOYSAN CANAL, Sibel (Assist. Prof. Dr.)
BURUNKAYA, Mustafa (Assoc. Prof.)
BULBUL, Ali Savas (Assoc. Prof.)
CENGIiz, Ozgiir (Dr.)

COSKUN, Hayri (Prof. Dr.)
CAKMAKGCI, Talip (Dr.)

CALISKAN, Mehmet Emin (Prof. Dr.)
CEYLAN, Zafer (Assist. Prof. Dr.)
CELIK, Senol (Assist. Prof. Dr.)
DEMIROGLU TOPCU, Giilcan (Assoc. Prof.)
DOGAN, Hasan Gokhan (Assoc. Prof.)
ERKOVAN Halil {brahim (Prof. Dr.)

Kahramanmaras Siitgii imam University, Faculty of Agriculture, KAHRAMANMARAS
Atatlrk University, Faculty of Agriculture, ERZURUM

Aydm Adnan Menderes University, Buharkent Vocational School, AYDIN

Atatlirk University, Faculty of Fisheries, ERZURUM

Ankara University, Faculty of Agriculture, ANKARA

Van Yuziinct Y1l University, Faculty of Fisheries, VAN

Ondokuz Mayis University, Faculty of Science and Letters, SAMSUN

Akdeniz University, Faculty of Agriculture, ANTALYA

Van Yiiziincii Y1l University, Faculty of Engineering, VAN

Van Yuzincl Yil University, Faculty of Agriculture, VAN

Gazi University, Faculty of Technology, ANKARA

Kahramanmaras Siitcii imam University, Fac. of Sci. and Letters, KAHRAMANMARAS
Canakkale Onsekiz Mart University, Faculty of Fisheries, CANAKKALE

Bolu Abant izzet Baysal University, Faculty of Engineering, BOLU

Van Yuziincl Yil University, Faculty of Agriculture, VAN

Nigde Omer Halisdemir University, Faculty of Agricultural Sci and Techn., NIGDE
Van Yiziincil Y1l University, Faculty of Fisheries, VAN

Bingol University, Faculty of Agriculture, BINGOL

Ege University, Faculty of Agriculture, IZMIR

Tokat Gaziosmanpasa University, Faculty of Agriculture, TOKAT

Eskisehir Osmangazi University, Faculty of Agriculture, ESKISEHIR



ERTURK, Yakup Erdal (Assoc. Prof.)
ISLER, Necmi (Prof. Dr.)

KARAMAN, Silleyman (Assoc. Prof.)
KARATURHAN, Buket (Assist. Prof. Dr.)
KOYUNCU, Mehmet Ali (Prof. Dr.)
KOYUNCU, Mubin (Assist. Prof. Dr.)
KOSE, Senol (Assist. Prof. Dr.)

KURT, Siikrii (Prof. Dr.)

KUTLAR, ilkay (Assist. Prof. Dr.)
KUSVURAN, Alpaslan (Assoc. Prof.)
KUGCUKBASMACI SABIR, Ferhan (Assoc. Prof.)
KUCUKYUMUK, Zeliha (Assoc. Prof.)
KURKLU, Ahmet (Prof. Dr.)

MENCET YELBOGA, M.Nisa
OZCAN SINIR, Giilsah (Dr.)
OZDEMIR, Fethi Ahmet (Assoc. Prof.)
OZDEMIR, Nutullah (Prof. Dr.)
SEFEROGLU, Saime (Assoc. Prof.)
SAPCI SELAMOGLU, Handan (Dr.)
SIRIN, Unal (Assist. Prof. Dr.)
TASAKAYA, Latif (Prof. Dr.)
TASKIN, Bilgin (Assist. Prof. Dr.)
UNAL, Halil Baki (Prof. Dr.)

UZAL SEYFI, Selda (Prof. Dr.)
YILDIRIM, Ibrahim (Prof. Dr.)

Yayin Koordinatorleri (Typesetting)

Igdir University, Faculty of Agriculture, IGDIR

Hatay Mustafa Kemal University, Faculty of Agriculture, HATAY
Akdeniz University, Faculty of Agriculture, ANTALYA

Ege University, Faculty of Agriculture, IZMIR

Isparta Applied Sciences University, Faculty of Agriculture, ISPARTA
Igdir University, Faculty of Engineering, IGDIR

Van Yiiziincii Y1l University, Faculty of Engineering, VAN

Adiyaman University, Faculty of Engineering, ADIYAMAN

Akdeniz University, Faculty of Agriculture, ANTALYA

Cankirt Karatekin University, Kizilirmak Vocational School, CANKIRI
Selguk University, Faculty of Agriculture, KONYA

Isparta Applied Sciences University, Faculty of Agriculture, ISPARTA
Akdeniz University, Faculty of Agriculture, ANTALYA

Akdeniz University, Faculty of Agriculture, ANTALYA

Bursa Uludag University, Faculty of Agriculture, BURSA

Bingol University, Faculty of Science and Letters, BINGOL

Ondokuz Mayi1s University, Faculty of Agriculture, SAMSUN

Aydin Adnan Menderes University, Faculty of Agriculture, AYDIN
Kayseri University, Yahyali Vocational School, KAYSERI

Van Yuzincu Y1l University, Faculty of Agriculture, VAN

Mugla Sitk1 Kogman University, Faculty of Fisheries, MUGLA

Van Yuzincl Y1l University, Faculty of Agriculture, VAN

Ege University, Faculty of Agriculture, IZMIR

Selcuk University, Faculty of Agriculture, KONYA

Van Yuzincl Y1l University, Faculty of Agriculture, VAN

Web Sorumlusu (Internet Office)

Ars. Gor. M. Resit KARAGECILI
Ziraat Yiksek Muhendisi Yekbun ALP
Ziraat Yiksek Muhendisi Yagmur YILMAZ

Ars. Gor. M. Resit KARAGECILI
Ziraat Yiksek Muhendisi Yekbun ALP
Ziraat Yuksek Mihendisi Yagmur YILMAZ

Yayin Tiirii (Publication Type)
Uluslararasi Siireli Bilimsel Yayimn (International Scientific Periodical)

Yénetim Yeri ve Yazisma Adresi (Correspondence Address)
Van Yiiziinct Y1l Universitesi, (Agriculture Faculty) Ziraat Fakiiltesi, Zeve Yerleskesi, 65080, VAN

Cilt (Volume): 30

Telefon (Phone)
+90 (432) 2251056; 2251024

Say1 (Number): 1 Mart (March) 2020

Belgegecer (Fax)
+90 (432) 2251104

e-posta (e-mail)
yyujagrsci@gmail.com

internet adresi: http://dergipark.gov.tr/yyutbd

ISSN 1308-7576

e-ISSN 1308-7584

Basildig1 Yer ve Tarih (Press and Date): Efe Kirtasiye, Mart (March) 2020, VAN

“Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi” énceden yayinlanan “Yiiziincii Y1l Universitesi Ziraat
Fakiiltesi Tarim Bilimleri Dergisi” ve “Yziincii Y1l Universitesi Ziraat Fakiltesi Dergisi”nin devamudir.
Previous names of the journal: “Yuzuncu Yil University, Agriculture Faculty Journal of Agriculture
Sciences” and “Yuzuncu Yil University, Journal of Agriculture Faculty”


mailto:yyujagrsci@gmail.com

Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi Cilt 30, Say1 1, 31.03.2020

(YYU Journal of Agricultural Science)

Yiiziincii Y1l Universitesi
Tarim Bilimleri Dergisi

http://dergipark.gov.tr/yyutbd o ]

Arastirma Makalesi (Research Article)
Pretreatment Effect on Amelioration of Seed Germination of Zollinger’s Indigo

(Indigofera zollingeriana Mig.)™

Siti MAESAROH"", Nurdan SAHIN DEMIRBAG?

12Departement of Field Crops, Faculty of Agriculture, Ankara University, Ankara, Turkey

Ihttps://orcid.org/0000-0003-1024-284X 2https://orcid.org/0000-0002-8345-1768

*Corresponding Author e-posta: maesaroh@ankara.edu.tr

Article Info

Received: 23.10.2019
Accepted: 18.01.2020

Online Published 31.03.2020
DOI: 10.29133/yyuthd.637005

Keywords

Dormancy,
Immersion,
Legume,
Scarification,
Soaking.

Abstract: Indigofera zollingeriana is one of Indigofera species distributed in
Indonesia and known as forage crop. Seed is an important factor which influences
cultivation of 1. zollingeriana due to low seed germination. The objective of the
research was to determine the effect of different pre-treatment as chemical
scarification (98% of H;SO4, 0.3% of KNOs, glycerine (CsHsO3) at 70°C), hot
water at 70°C with different duration of immersion or soaking and mechanical
scarification using sand paper on |. zollingeriana’s seed germination. Pre-
treatment had significant differences and improved germination percentage,
germination speed index and shoot length. The positive correlation was noted
between germination percentage and germination speed index.

Indigofera zollingeriana'nmin Tohum Cimlenmesinde On Islem Etkisinin Tyilestirilmesi
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Oz: Indigofera zollingeriana, Endonezya'da dagihis gosteren ve yem bitkisi
olarak bilinen Indigofera tirlerinden biridir. Endonezya’da I. zollingeriana'nin
yetistiriciligini etkileyen en &nemli faktdr, tohumundaki disiik g¢imlenme
oranidir. Bu ¢alismada, . zollingeriana tohumlarinda, farkli siirelerde kimyasal
uygulamalarinin (%98’lik H,SO4, %0.3’lik KNOs, 60°C’lik CsHgOs ¢ozelti),
70°C’lik sicak su ve zimpara kagidi ile tohumu mekanik olarak agindirma
seklinde yapilan ¢imlendirme 6n uygulamalarinin etkilerinin belirlenmesi
amaglanmistir. Arastirma sonuglarina gore; &n uygulamalarda c¢imlenme
yuzdesi, ¢imlenme hizi endeksi ve sirgiin uzunlugu bakimindan Onemli
farkliliklar g6zlenmis olup, incelenen parametrelerde ayni zamanda artis da
tespit edilmigtir. Cimlenme yiizdesi ile ¢gimlenme hizi endeksi arasinda pozitif
korelasyon saptanmustir.

**This reasearch is a part of master thesis conducted by Siti MAESAROH.

1.

Introduction

Indiofera zollingeriana is one of the widely used forage plant species used in Indonesia due to
high quality forage production and adaptability to drought stress under tropic conditions (Abdullah,
2010; Herdiawan and Sutedi, 2012). The plant has protein rich leaves with low tannin, lignin and
cellulose contents, utilisable fibore (NDF and ADF) and high dry matter digestibility (Abdullah, 2010).
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Palupi (2015) reported that top leaf meal of I. zollingeriana contain 28.98% crude protein, 3.30%
crude fat, 8.49% crude fiber, 0.52% calcium and 0.34% phosphorus. Dianita (2012) noted interaction
of arbuscular mycorrhizal fungi (FMA) had important role for transferring phosphorous and nitrogen
in Indigofera.

Low seed viability influence plant growth and affect plant production and multiplication. Most
(<85%) of the legumes have hard or impermeable seed coat (Guppy, 1912). Harrington (1916)
observed that most of this is physical dormancy caused by hard seed coat that results in slow
germination and development of plants. Mechanical or chemical scarification can break seed coat
where metabolic inhibitor of seed is located (Copeland and McDonald, 1999). The seed condition
(quality) is one of particular importance to plant cultivation in agriculture sector that rely on seed
germination.

Abdullah (2014) has further reported that seed storage over 4 weeks on 1. zollingeriana could
result in decreases seed germination by 24%. Abdullah et al. (2016) has observed that long storage
period affected hypocotyl length of the germinated seeds and increased mold contamination. The
researcher conceived that these factors lead to poor germination of I. zollingeriana.

The study aimed to factors affecting seed dormancy and improves seed germination of I.
zollingeriana.

2. Material and Methods

The seeds were collected from Prof. Dr. Luki Abdullah of the Department of Nutrition Science
and Feed Technology, Bogor Agricultural University, Indonesia. Randomly selected healthy 3 months
old yellow-brown coloured uniform seeds were selected for the experiment. Hundred (100) seed
weight was measured (ISTA, 1966) and then moisture content of the seeds was determined using
International Rules for Seed Testing (ISTA, 2003).

2.1. Pre-treatment and germination on 1. zollingeriana seed

Eighteen pre-treatment with a control (untreated seed) were conducted on 75 seeds each of I.
zollingeriana. The seeds were scarified using 98% of H,SO, for 5, 10, 15 and 20 min. The seeds were
also scarified with 0.3% KNO; (Potassium nitrate) for 12, 24, 36 and 48 h and CsHsOs (glycerine) at
60°C for 30, 60, 90 and 120 min. All chemically scarified seeds were rinsed in running tap water for 5-
10 min to remove traces of the treated chemicals until they were safe to culture for germination.
Similarly, the seeds were mechanically scarified with sand paper using two and four scratches and
treated with hot water at 70°C for 30, 60, 90 and 120 min.

Each of twenty five treated seeds was placed in Petri dishes lined with filter papers containing
10 ml of distilled water. Then, the seeds were cultured in growth cabinet at 24+1°C under dark
conditions.

2.2. Measurement

Germination was observed daily until 14 days of germination (ISTA, 2007) and the seeds with
2 mm radicle length were counted as germinated. Growth rate was measured by taking length of 5
randomly selected seedlings. The germination parameters included germination percentage following
Bewley and Black (1994).

GP (%) = % « 100% (1)

Where, GP (%) is the germination percentage, “n” is the number of normal germinated seeds at “i”
day, and N is the total number of incubated seeds per test.

Speed germination was calculated by Germination Speed Index (GI), N is the number of
normal germinated seeds at day “i“ and D is day of count at day “i* n following Maguire (1962) and
Gupta (1993) on the last day of count (7 days).

In
ki @)
Di

i=1 2

GI =
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2.3. Statistical analysis

The experiment was designed in a Completely Randomized Design (CRD) with 3 replications.
The collected data expressed in percentage were Arcsine transformed (Steel and Torrie, 1980) before
analysis of variance. The difference among means was compared by using Duncan’s Multiple Range
Test (DMRT). Correlation among germination parameters were analyzed using Pearson Correlation
coefficient.

3. Results and Discussion
3.1. Seed weight and moisture content

Hundred seed weight was measured as 0.67 g at seed moisture content of 6.38% and this
moisture content was noted for safe storage period on orthodox seeds in agreement with Roberts
(1973). These seeds were subjected to seed germination experiments. I. zollingeriana which has hard
seed coat can protect embryo during storage. Advantages of hard and thick seed coats in legume
orthodox seeds are preservation of low level of metabolism by prohibiting moisture and oxygen during
storage and embryo protection against mechanical damage during collection and storage (Bonner,
2008). Copeland and McDonald (1999) observed that sensitivity of large-seeded legumes and damage
could be reduced > 15% seed moisture. They also noted that the threshold moisture content for small-
seeded legume is 8 to 10%.

3.2. Seed Germination

The result show that there was a significant (p<0.05) different effect of pre-treatments on seed
germination of I. zollingeriana (Table 1). The range of germination percentage was 4-78.67% after 14
days. Seed treated by sandpaper, sulphuric acid and potassium nitrate showed improvement in seed
germination. The highest seed germination percentage of 78.67% and 76% were obtained on
sandpaper scarified seeds after 2 and 4 scratches compared to control group and other pre-treatments.
The effectiveness of sandpaper scarification was similar to Hassen et al. (2004) who noted
improvement of seed germination by sandpaper scarification in 6 accessions of Indigofera (I.
cryptantha, I. brevicalyx, I. arrecta, I. spicata, I. trita and I. spicata). In other studies Uzun and Aydin
(2004) and Okunlola et al. (2011) emphasized the effectiveness of sandpaper scarification that showed
high germination percentage on forage legumes as Medicago and Trifolium and African locust bean.

Sandpaper scarification by hand promoted the reduction on hard layer seed coats of I.
zollingeriana. Similarly, mechanical scarification using sandpaper overcome physical dormancy due
to hardness of seed coat by removing a thick palisade layer of macrosclereid cells characteristic of
leguminosae related to water impermeability (Yildiztugay and Kucukoduk, 2012; Smykal et al., 2014;
Chaves et al., 2017). However, some germinated seeds of I. zollingeriana appeared with root damage
marked by black root tip. It is assumed that characteristics phenolic compounds in root cells got
oxidized on contact with air and resulted in damage of the root tips in agreement with Kefeli et al.,
2003, He et al., 2009. Therefore, care is needed during scratching of seeds to avoid damage to radicles.
Careless scratching could result in damage to seeds or seed radicle micropylar regions fully or partially
in agreement with Schmidth (2002) and Chaves et al. (2017).

The second highest germination percentage was in range 38.67-52% on seeds scarified with
sulphuric acid. The effectiveness of sulphuric acid cracking and softening seed coats is in agreement
with Missanjo et al. (2013) and Olatunji et al. (2013) who studied effect of pre-treatments on legumes
seed germination. The seed germination after sulphuric acid scarification was lower compared to
mechanical scarification with sandpaper. This could be due to long duration of immersion or high
concentration of sulphuric acid that leads to embryo damage of a large quantity of seeds depending on
resistance of inner integument. Missanjo et al. (2013) and Asaadi et al. (2015) also confirmed
sulphuric acid was effective to improve germination percentage but they noted there was injury on
embryo structure.

Three of KNOs durations treatments had germination percentage in range of 14.67-25.33%.
These results are not in agreement with previous studies where potassium nitrate has been reported to
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break seed dormancy and promote seed germination (Gashi et al., 2012) on Romonda nathaliae. Yucel
(2000) reported potassium nitrate was specified as growth-regulating substance in Salvia species. It is
conceived that the difference in germination percentage could be due to poor compatibility of the
seeds, long duration of treatment period or concentration of potassium nitrate that have not significant
effects on germination percentage of 1. zollingeriana. Sarihan et al. (2005) and Gashi et al. (2012)
noted that the appropriate concentration of KNOs improved germination seed on Plantago lanceolata
L. and Romando nathaliae. Atalay et al. (2011) reported that <24 h treatment with 0.5 % potassium
nitrate had negative effects on seed germinability and caused decreased seed germination of Triticum
aestivum.

The hot water treatment with water at 70°C was not effective to improve germination of I.
zollingeriana. The seed germination ranged 4-13.33%. Contrarily, Hassen et al. (2004) reported the
effectiveness of 93°C of boiled water on germination of I. arrecta, I. vohemarensis and I. trita that
showed improved germination percentage without remarkable risk on seed mortality. Although long
duration of soaking of I. zollngeriana softened hard seed coats and also increased number of dead
seeds due to embryo or cotyledon damage showed by extremely soft seed with fungal growth in
agreement with Mclvor and Gardener (1987), McDonnell et al. (2012) and Ghadir et al. (2012). These
researchers confirmed that water temperature and soaking periods play an important role in seed
germination.

Treatment with glycerine at 60°C resulted in seed germination range of 5.33-12% that was
lower than before mentioned seed germinations. It could be due to by low temperature of glycerine
that did not induce seed coat cracking. The boiling point of pure glycerine is 290°C at 760 mm
(atmospheric pressure) (Anonymous, 1990). Wycherley (1960) and Schmidt (1961) emphasized use of
warm treatment as glycerine was more effective to accelerate seed germination especially on some
legumes. Moreover, all pre-treatment works by removing inhibitors like hard seed coat induced water
and gas permeability was not much effective in this case and poorly promoted seed germination in
accordance with Copeland and McDonald (1999).

There was significant difference (p<0.05) on germination speed showed by germination speed
index value (Table 1). The result showed that sandpaper scarification, sulphuric acid scarification and
potassium nitrate immersion improved germination speed with 4.49-24.36 germination index indicated
seed quickly germinate and physiological quality. Seeds treated by specific duration on some glycerine
and hot water had higher germination index than control group but the difference between the two was
no significant. The results are similar to Rusdy (2015) who reported that sulphuric acid immersion and
sand paper scarification increased germination speed on legume Centrocema pubescens. Germination
index was positively correlated to germination percentage with r=0.964 (Table 2). The results are in
agreement with Santos (2010). Doni et al. (2014) reported that hydro treatment could increase seed
germination percentage and germination speed of Oryza sativa. Gairola et al. (2011) and Abiri et al.
(2016) reported that there was a significant positive correlation between germination percentage and
germination speed on legume Jatropha curcas and six indica rice cultivars. They also reported that
vigor of stored seed declines before seeds lose their ability to germinate (Delouche, 1965; Shaban,
2013).

The maximum root length was noted on the seeds germinated after 0.3% KNO; treatment for
48 h (Table 1). It is similar to Taheri et al. (2014) who reported the effectiveness of KNOj3 to improve
root length of Punica granatum due to faster emergence of roots and shoots. There were no significant
differences among some pre-treated seeds in agreement with Karaguzel et al. (2004) and Gunes et al.
(2013), who noted pre-treatment had no significant effect on roots of Lupinus varius and Ceratonia
siliqua root length. Potassium has substantial effect on water relation (osmotic adjustment and turgor
regulation) stomatal movement, enzyme activation, photosynthesis, protein synthesis in plants
(Marschner, 1995). Bhandal and Malik (1988) reported that more than 50 enzymes are activated by
K*. Thus, optimum levels K* can improve various enzymatic processes in the cytoplasm. Therefore, it
was suggested that optimum concentration of K* at the cellular level might have acted as contributory
factor for root growth and had reduced salt induced oxidative stress with lesser cell damage. This
might had resulted in improved root length on the germinating seedlings in agreement with Shen et al.
(2000).
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Table 1. Effect of Pre-Treament on Seed Germination and Seedling Growth of I. zollingeriana

Pre-Treatment Germination Germination ~ Root Length I_Sehnog(ith
Percentage (%) Speed Index (cm) (cm)
TO  Control 13.33cde 1.76°fh 1.9abcde 1.5¢
T11 95-98% H»SO4 5 min 52.00, 12.42° 1.9abcde 3.5cdef
T12  95-98% H»SO. 10 min 38.67p 9.47b¢ 1.8abcde 3. 7bede
T13  95-98% H,SO. 15 min 45.33y 9.74b¢ 1.8abcde 344
T14  95-98% H,SO. 20 min 40.00p 8.31b¢ 1.6be 344
T21 03(%) KNO3 12 h 14.67cde 4.49de 1.8abcde 5.0abcd
T22 0.3% KNO324 h 25.33; 10.33° 2. Laped 5.2abc
T23 0.3% KNO336 h 22.67¢ 8.20%¢ 1.9abcde 5.4
T24 0.3% KNO;3; 48 h 13.33cde 5.33% 2.6a 5.5ab
T31 60°C C3HgO3 30 min 12.00¢et 3.65%f 2.5 4 4apcde
T32 60°C C3HgO3 60 min 8.00¢f 1.84¢°%9 1. 7abcde 4.9apcd
T33 60°C C3HgO3 90 min 10.67.¢ 1.88°f9 1.44¢ 3.1
T34 60°C C3HgO3 120 min 5.33¢r 1.12fn 2. Lane 3.1ef
T41 70°C hot water 30 min 4.00¢ 0.18" 1.6bcde 3.1ef
T42  70°C hot water 60 min 9.33¢ 2.48%f9 2. 4apc 5.6ax
T43 7OOC hOt Water 90 mln 1333cde 127fgh 1.8ahcde 4.1abcde
T44  70°C hot water 120 min 9.33¢ 0.929" 1.6bcde 3.44e
T51 Sandpaper 2 scratch 78.67a 22.312 1.1 3.3¢e
T52 Sandpaper 4 scratch 76.00a 24.362 1.6bcde 3.8bcde

Means followed by the same letter within a column differ not significantly at 5% probability

Pre-treatment has significant (P<0.05) different effect in germinated seed of I. zollingeriana
that increased shoot length more than control group in range 3.3-5.6 cm after 14 days. It might have
been caused by increasing quick seed germinated lead to early photosynthesis in agreement with
Mabhaudhi (2009). There were no significant correlation between germination percentage and both of
root length and shoot length (Table 2).

Table 2. Pearson correlation coefficient matrix between some germination and vigour test parameters
on |. zollingeriana seed.

Correlation Germination Index Shoot Length Root Length
Germination Percentage 0.964 10.169 0.452
g 0.000* 0.488™ 0.052m
L -0.004 -0.35
Germination Speed Index 0.988™ 0,149

*ns : significant and non-significant at 5% probability

4, Conclusion

Different pre-treatment had different effects and promoted germination on I. zollingeriana
seed showed by the same germination parameters. Scarification by sandpaper could be an alternative
to break hard seed coat of I. zollingeriana in laboratory scale. Appropriate pre-treatment can improve
germination parameters. Therefore, the easy, low cost and quick pre-treatment’s data obtained from
laboratory study can be a recommended for faster ex situ germination and nursery establishment.

Acknowledgements

The authors are grateful to Prof. Luki Abdullah, Bogor Agricultural University, for help in
give of seeds.



YYU TAR BIL DERG (YYU J AGR SCI) 30 (1): 1-8
Maesaroh and Sahin Demirbag / Pretreatment Effect on Amelioration of Seed Germination of Zollinger’s Indigo (Indigofera zollingeriana Miq.)

References

Abdullah, L. (2010). Herbage production and quality of shrub Indigofera treated by different
concentration of foliar fertiliser. Media Peternakan, 33(3), 169-175.

Abdullah, L. (2014). Prospektif agronomi dan ekofisiologi Indigofera zollingeriana sebagai tanaman
penghasil hijauan pakan berkualitas tinggi. Pastura, 3(2), 79-83. (in Indonesian language)

Abdullah, L., Girsang, R. C., Putra, N. P., Wiryawan, K. G. & Permana, |. G. (2016). Viabilitas,
Intensitas Kontaminasi Jamur dan Tinggi Hipokotil sebagai Respon terhadap Modifikasi
Atmosfer dengan Injeksi CO, Selama Penyimpanan Benih Indigofera zollingeriana. In: L.
Abdullah, D. A. Astuti, Suharlina (Eds.), Bunga Rampai Hasil Riset dan Pengembangan
Indigofera zollingeriana (pp. 6-13). Bogor, Indonesia: IPB Press. [in Indonesian language]

Abiri, R., Shaharuddin, N. A., Maziah, M., Yusof, Z. N. B., Atabaki, N., Sahebi, M. & Azizi, P. (2016).
Quantitative assessment of indica rice germination to hydropriming, hormonal priming and
polyethylene glycol priming. Chilean Journal of Agriculture Research, 76(4), 392-400.

Anonymous. (1990). Glycerine: an Overview. The Soap and Detergent Assosiation. New York.

Asaadi, A. M., Heshmati, G. & Dadkhah, A. (2015). Effects of different treatments to stimulate seed
germination of Salsola arbusculiformis Drob. Ecopersia, 3(3), 1077-1088.

Atalay, E., Yetim, E., Soylu, S., Sade, B. & Yorgancilar, M. (2011). Farkli priming uygulamalarimin
ekmeklik bugday cesitlerinde c¢imlenmenin bagslangic donemdeki etkinligi. Turkiye V.
Tohumculuk Kongresi, Samsun, Turkiye, 535-539.

Bhandal, I. S. & Malik, C. P. (1988). Potassium estimation, uptake, and its role in the physiology and
metabolism of flowering plants. International Review of Cytology, 110, 205-254.

Bewley, J. D. & Black, M. (1994). Seeds: Physiology of Development and Germination. New York,
USA: Plenum Press, 445.

Bonner, F. T. (2008). Storage of Seed. In: F. T. Bonner, R. P. Karrfalt & R. G. Nisley (Eds.), The
Woody Plant Seed Manual (pp. 85-96). New York, USA: United States Departement of
Agriculture.

Chaves, I. S., Silva, N. C. Q. & Ribeiro, D. M. (2017). Effect of the seed coat on dormancy and
germination in Stylosanthes humilis H. B. K. seeds. Journal of Seed Science, 39(2), 114-122.

Copeland, L. O. & McDonald, M. B. (1999). Seed Science and Technology (3rd Ed.). New York,
USA: Kluwer Academic Publishers.

Delouche, J. C. (1965). An accelerated aging technique for predicting relative storabiltiy of crimson
clover and tall fescue seed lots. Agronomy Abstracts 40, American Society of Agronomy,
Madison, Wisonsin.

Dianita, R. (2012). Kajian penggunaan unsur N dan P pada tanaman legum pakan dan non legum
untuk sistem integrasi. (PhD), IPB University, Bogor, Indonesia. (in Indonesian language)

Doni, F., Anizan, |., Che Radziah, C. M. Z., Salman, A. H., Rodzihan, M. H. & Yusof, W. M. W.
(2014). Enhancement of rice seed germination and vigour by Trichoderma spp. Research
Journal of Applied Sciences, Engineering and Technology, 7(21), 4547-4552.

Gairola, K. C., Nautiyal, A. R. & Dwivedi, A. K. (2011). Effect of temperatures and germination
media on seed germination of Jatropha curcas Linn. Advances In Bioresearch, 2(2): 66-71.

Gashi, B., Abdullai, K., Mata, V. & Kongjika, E. (2012). Effect of gibberellic acid and potassium
nitrate on seed germination of the resurrection plants Ramonda serbica and Ramonda
nathaliae. African Journal of Biotechnology, 11(20), 4537-4542.

Ghadir, M., Khah, E. M., Jalali Honarmand, S., Shirkhani, A. & Shabani, G. (2012). Effects of seed
hardness breaking techniques on okra (Abelmoschus esculentus L.) germination. International
Journal of Agriculture and Crop Sciences, 4(6), 264-273.

Gunes, E., Gubbuk, H., Silva, T. A., Gozlekci, S. & Ercisli, S. (2013). Effects of various treatments on
seed germination and growth of carob (Ceratonia siliqgua L.) Pakistan Journal of Botany,
45(4), 1173-1177.

Guppy, H. B. (1912). Studies in Seeds and Fruits. London, UK: Williams and Norgate. 528 p

Gupta, P. C. (1993). Seed Vigour Testing. In: P. K. Agrawal (Ed.), Handbook of Seed Testing (pp.
242-249). New Delhi, India: DAC, Ministry of Agriculture.

Harrington, G. T. (1916). Agricultural value of hard seeds. Journal of Agricultural Researc, 6, 761-
795.




YYU TAR BIL DERG (YYU J AGR SCI) 30 (1): 1-8
Maesaroh and Sahin Demirbag / Pretreatment Effect on Amelioration of Seed Germination of Zollinger’s Indigo (Indigofera zollingeriana Miq.)

Hassen, A., Pieterse, P. P. & Rethman, N. F. G. (2004). Effect of pre-planting seed treatment on
dormancy breaking and germination of Indigofera accessions. Tropical Grasslands, 38, 154-
157.

He, Y., Guo, X., Lu, R., Niu, B., Pasapula, V. & Hou, P. (2009). Changes in morphology and
biochemical mdices in browning callus derived from jatropha curcas hypocotyls. Plant Cell,
Tissue and Organ Culture, 98, 11-17.

Herdiawan, I. & Sutedi, E. (2012). Produktivitas tanaman pakan Indigofera sp. pada tingkat cekaman
kekeringan dan interval pemangkasan berbeda. Jurnal llmu Ternak dan Veteriner, 17(2), 161-
167. (in Indonesian language)

ISTA. (1966). International Rules for Seed Testing. Proceedings for International Seed Testing
Association, 31, 1-152

ISTA. (2003). International Rules for Seed Testing. International Seed Testing Association, Zurich.

ISTA. (2007). International Rules for Seed Testing. International Seed Testing Association,
Bassersdorf, Switzerland.

Karaguzel, O., Cakmakci, S., Ortacesme, V. & Aydinoglu, B. (2004). Influence of seed coat
treatments on germination and early seedling growth of Lupinus varius L. Pakistan Journal of
Botan, 36(1), 65-74

Kefeli, V. I., Kalevitch, M. V. & Borsari, B. (2003). Phenolic cycle in plants and north et al. 645
environment. Journal of Molecular Cell Biology, 2, 13-18.

Mabhaudhi, T. (2009). Responses of maize (Zea mays L.) landraces to water stress compared with
commercial hybrids (176 p). (Master), University of Kwazulu, South Africa.

Maguire, J. D. (1962). Speed of germination-aid in selection and evaluation for seedling emergence
and vigor. Crop Science, 2, 176-177.

Marschner, H. (1995). Mineral Nutration of Higher Plants (2nd Ed.). San Diego, California, USA:
Academic Press,

McDonnell, A., Grant, M. & Coons, J. (2012). Effects of hot water on breaking seed dormancy of the
endangered kankakee mallow, Iliamna remota Greene (Malvaceae). Erigenia Number, (25), 8-
13.

Mclvor, J. G. & Gardener, C. J. (1987). Effect of boiling water treatment on hard seededness and
germination in some Stylosanthes species. Australian Journal of Experimental Agriculture,
27(6), 857-862.

Missanjo, E., Maya, C., Kapira, D., Banda, H. & Thole, G. K. (2013). Effect of seed size and
pretreatment method on germination of Albizia lebbeck. International Scholarly Research
Notices. https://www.hindawi.com/ journals /isrn/ 2013/969026/. Accessed on 28 February
2018.

Okunlola, A. I., Adebayo, R. A. & Orimogunje, A. D. (2011). Methods of breaking seed dormancy on
germination and early seedling growth of African locust bean (Parkia biglobosa) (JACQ.)
Benth. Journal of Horticulture and Forestry, 3(1), 1-6.

Olatunji, D., Maku, O. J. & Odumefun, O. P. (2013). The effect of pre-treatment on germination and
early seedling growth of Acacia auriculiformis Cunn Ex. Benth. African Journal of Plant
Science, 7(8), 325-330.

Palupi, R. (2015). Substitusi protein bungkil kedelai dengan protein tepung pucuk indigofera
zollingeriana untuk menghasilkan telur fungsional tinggi antioksidan. (PhD), IPB University,
Indonesia, Bogor, Indonesia. (in Indonesian language)

Roberts, E. H. (1973). Predicting the storagelife of seed. Seed Science and Technology, 1, 499-514.

Rusdy, M. (2015). Enhancing germination in seeds of Centrosema pubescens. International Journal of
Scientific and Research Publications, 5(10), 1-4.

Santos, C. (2010). Estatistica descritiva: Manual de auto aprendizagem (264p). Lisboa, Silabo.

Sarihan, E. O., Ipek, A., Khawar, K. M., Atak, M. & Grubuz, M. (2005). Role of GA; and KNOs in
improving the frequency of seed germination in Plantago lanceolata L. Pakistan Journal of
Botany, 37(4), 883-887.

Schmidt, W. C. (1961). Effects of some treatments on the dormancy of western larch seed. (70 p).
(Master), Montana State University, USA.




YYU TAR BIL DERG (YYU J AGR SCI) 30 (1): 1-8
Maesaroh and Sahin Demirbag / Pretreatment Effect on Amelioration of Seed Germination of Zollinger’s Indigo (Indigofera zollingeriana Miq.)

Schmidth, L. (2002). Pedoman Penanganan Benih Tanaman Hutan Tropis dan Subtropis. Jakarta:
Direktorat Jendral Rehabilitasi Lahan dan Perhutanan Sosial Departemen Kehutanan. [in
Indonsesian languange]

Shaban, M. (2013). Study on some aspects of seed viability and vigor. International journal of
Advanced Biological and Biomedical Research, 1(12), 1692-1697.

Smykal, P., Vernoud, V., Blair, M. W., Soukup, A. & Thompson, R. D. (2014). The role of the testa
during development and in establishment of dormancy of the legume seed. Frontiers in Plant
Science, 5(351), 1-19.

Steel, R. G. & Torrie, J. H. (1980). Principles and Procedures of Statistics a Biometrical Approach
(633 p) (2nd Ed.). New York, USA: McGraw-Hill.

Taheri, M. N., Gholami, M., Baninasab, B., Mobli, M. & Moradi, S. (2014). Pomegranate seed
germination and dormancy breaking techniques. Seed Technology, 36(2), 139-149.

Uzan, F. & Aydin, 1. (2004). Improving germination rate of Medicago and Trifolium species. Asian
Journal of Plant Science, 3(6), 714-717.

Wycherley, P. R. (1960). Seed germination of some tropical legumes. Journal of Rubber Research
Institue of Malaya, 16(2), 99-106.

Yildiztugay, E. & Kucukoduk, M. (2012). Dormancy breaking and germination requirements for seeds
of Sphaerophysa kotschyana Boiss. Journal of Global Biosciences, 1, 20-27.

Yucel, E. (2000). Effects of different salt (NaCl), nitrate (KNOs) and sulphuric acid (H2SO.)
concentrations on the germination of some salvia species seeds. Seed Science and Technology,
28, 853-860.



Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi Cilt 30, Say1 1, 31.03.2020

(YYU Journal of Agricultural Science)

Yiiziincii Y1l Universitesi
Tarim Bilimleri Dergisi

http://dergipark.gov.tr/yyutbd

Arastirma Makalesi (Research Article)
The Effects of Farmyard Manure and Green Manure Applications on Some Soil

Physical Properties

Metin MUJDECI™, Azra Cevahir DEMIRCIOGLU?, Pelin ALABOZ?3

L23Isparta University of Applied Sciences, Faculty of Agriculture, Department of Soil Science and Plant Nutrition,

Isparta, Turkey.

Ihttps://orcid.org/0000-0002-0579-4538 2https://orcid.org/0000-0003-2968-7013 3https://orcid.org/0000-0001-7345-938X

*Sorumlu yazar e-posta: metinmujdeci@isparta.edu.tr

Article Info

Received: 03.10.2019
Accepted: 12.02.2020

Online Published 31.03.2020
DOI: 10.29133/yyutbd.628921

Keywords

Farmyard manure,
Green manure,

Soil physical properties.

Abstract: In this research was carried out to determine the effects of farmyard
manure and green manure applications on some soil physical properties in a three
yearly organic vegetable cultivation field. The effects of control (C), farmyard
manure (FYM) (35 t ha') and green manure (GM) applications on some soil
physical properties (soil water characteristics (0.001, 0.1, 0.33, 1, 5, 10 and 15
bars), available water content, porosity and bulk density) were investigated in 0-
10 and 10-20 cm soil depths for two years. At all tension values, the highest
volumetric soil water contents were obtained for FYM application and the lowest
ones for C treatment. The highest total porosity along with macro and micro
porosity were found in the FYM application and the lowest ones were found in
the C application. The available water content was the highest in the GM
application and the lowest in the C application. In addition, the highest bulk
density was found in C application and the lowest bulk density was found in FYM
application. These results showed that the effects of different organic material
applications on soil physical properties are important.
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Anahtar kelimeler
Ciftlik gibresi,

Yesil giibre,

Toprak fiziksel 6zellikleri.

Oz: Bu arastirma, {i¢ y1l boyunca organik sebze yetistiriciligi yapilan bir arazide
ciftlik giibresi ve yesil giibre uygulamalarinin bazi toprak fiziksel ozellikleri
tizerine etkilerini belirlemek tlizere yiiriitiilmiistiir. Kontrol (K), ¢iftlik gibresi
(CG) (35 ton hal) ve yesil giibre (YG) uygulamalarmin 0-10 ve 10-20 cm toprak
derinlikleri i¢in baz1 toprak fiziksel 6zellikleri (toprak su karakteristikleri (0.001,
0.1, 0.33, 1, 5, 10 ve 15 bar), yarayish su igerigi, gézeneklilik ve hacim agirligr)
Uzerine etkileri 2 yil slresince incelenmistir. Aragtirmada tiim tansiyon
degerlerindeki, en yiiksek hacimsel toprak su igerigi CG uygulamasinda, en diisiik
degerler ise K uygulamasinda elde edilmistir. En yiiksek toplam gozeneklilik ile
makro ve mikro gézenek hacmi CG uygulamasinda, en diisiik degerler ise K
uygulamasinda bulunmustur. Yarayish su igerigi ise en yiksek YG
uygulamasinda en diisiik ise K uygulamasinda elde edilmistir. Ayrica en yiiksek
hacim agirligi K uygulamasinda, en diisiik hacim agirlig1 ise CG uygulamasinda
bulunmugtur. Bu sonuclar, farkli organik materyal uygulamalarinin toprak
fiziksel 6zellikleri iizerine etkilerinin 6nemli oldugunu gostermistir.
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1. Introduction

Soil organic matter is key tool to improve soil structure and sustainable soil fertility. Organic
matter content of Turkish soils is inadequate due to the effect of climate and agricultural use for many
years (Eyiipoglu, 1999; Tiimsavas, 2003; Turan et al., 2010; Bellitiirk, 2011). The applied organic
materials affect many physical, chemical and biological properties of soils. Depending on the
decomposition and humification degree of the applied material, it significantly affects the soil physical
properties. Organic matter can able to form and strengthen of aggregate structure in soil by stimulating
the organic activity. This is especially important for silt, loam and clay soils because it improves the air
and water budget of soils (Ozbek et al., 1995). Air-water relations are very important for maintaining
the productivity of soils. In a typical soil, soil air should contain at least 10% oxygen and at most 5%
carbon dioxide (Rowell, 1996) and soil water content should support plant growth. As the degree of
aggregation increases, the number of micro and macro pores and the total porosity increases, whereas
the bulk density decreases (Karaman et al., 2007). Consequently, soil aeration and water holding
capacity can be improved (Haynes and Naidu, 1998) upon organic matter incorporation. The effects of
various organic materials (manure, wheat straw, garbage compost, chicken manure, green manure, bio
solid etc.) on some physical and chemical properties of soils have been investigated by many researchers
(Alagoz et al., 2006; Gulser and Candemir, 2012; Mujdeci and Uzumcu, 2017; Mujdeci et al., 2017a;
Alaboz et al., 2017a; Altikat et al., 2018). However, each of these materials has different effects on the
physical, chemical and biological properties of soils depending on the nature and properties of the
materials.

Turkey is not a water-rich country and the distribution of precipitation is highly irregular. The
fertility is closely related not only to nutrient content but also to physical properties of soils. Organic
matter, however can improve both of these properties towards maximize the yield. For optimum crop
yield, estimating the required irrigation water from the field capacity, wilting point and
evapotranspration data could be an effective irrigation management practice.

Therefore, the effects of two organic materials, farmyard manure and green manure, having
different nature were investigated on some soil physical properties (soil water characteristics (0.001,
0.1, 0.33, 1, 5, 10 and 15 bars), available water content, porosity and bulk density).

2. Material and Methods

This study was conducted at the experimental field of Agricultural Research Centre of Suleyman
Demirel University. The field experiment (2010-2013) was set up in completely randomised design in
triplicates. Organic vegetables (Tomatoes in 2010, cowpeas in 2011 and 2012) were grown in the plots
treated with two different organic fertilizers (farmyard manure (FYM) and green manure (GM)) and
control (C) without any organic and/or inorganic fertiliser. 35 t ha* of FYM consisting of 45% dry
matter was yearly incorporated into the soils and thoroughly mixed into top soil (0-15 cm) by means of
rototiller on 21% of May to 7" of June depending on the year. Common vetch (Vicia sativa L.) at
flowering stage was incorporated into the soil simultaneously with the FYM treatment by chisel (0-25
cm) and rototiller (0-15 cm), respectively.

Some physical and chemical properties of the experiment soil and FYM were given in Table 1
(Uziimcii, 2016). Disturbed and undisturbed soil samples were taken (10.03.2012, 08.03.2013) from 0-
10 cm and 10-20 cm depths.

Table 1. Some physical and chemical properties of experiment soil and FYM

Soil Clay Silt Sand Texture Orrrlg?tre“rc CaCOs3 pH EC
(%) (%) (%) Class (%) (%) (dS m?)
0 fg'l 4251 39.45 18.04 C 1.55 24.1 7.44 0.34
-10 ¢cm
10-20 cm 41.29 39.99 18.72 C 1.56 24.2 7.38 0.38
FYM - - - - 45.10 - 7.70 3.58

10



YYU TAR BIL DERG (YYU J AGR SCI) 30 (1): 9-17
Mujdeci et al., / The Effects of Farmyard Manure and Green Manure Applications on Some Soil Physical Properties

Bulk density was determined in undisturbed soil samples taken by steel cylinders (Blake and Hartge,
1986). Soil moisture contents were determined in undisturbed soil samples at 0.001, 0.1, 0.33 (field
capacity) and 1.0 bar whereas 5, 10 and 15 bars (wilting point) moisture contents were determined in
disturbed soil samples for soil water characteristics (Klute, 1986). The available water content of soil
was calculated from the difference in the moisture content between 0.33 and 15 bars (Klute, 1986). The
total porosity was determined from the water content of saturated soil and the micro porosity was
volumetric field capacity. Macro porosity was calculated by taking the difference between total porosity
and microporosity (Danielson and Sutherland, 1986). A hydrometer method was used to determine
textural fractions (Bouyoucos, 1962). Organic matter content was determined by using modified
Walkley-Black wet oxidation method and dry ashing method (at 400°C for 16 h in an oven) for soil and
FYM, respectively (Burt, 2004). Soil pH and electrical conductivity (EC) were measured in a 1:1 soil-
to-distilled water suspension, whereas pH and EC of FYM were determined in a 1:2.5 FYM-to-distilled
water suspension (Burt, 2004). Calcium carbonate equivalent was determined by a volumetric method
using a Scheibler calcimeter (Kacar, 2009).

The statistical analysis was performed by using Minitab-16 software program. The standard
ANOVA procedures were subjected to the data-sets and the homogenous sub-sets were separated by
Tukey test at P<0.05.

3. Results and Discussion
3.1. Bulk density

The effects of FYM and GM applications were given in Table 2 on soil bulk density. The highest
bulk density value (1.30 g cm) was obtained in the C application. The bulk density values were 1.22 g
cm?and 1.17 g cm for the GM and FYM applications, respectively. Statistically significant differences
were obtained to among the applications. Yesilsoy and Aydin (1993) stated that the bulk density value
of a typical clay soil may be below 1.1 g cm=. Abdelbaki (2018) stated that there was a significant
negative correlation between bulk density and organic carbon. The bulk density of soils can better
response to long term organic material incorporations (Haynes and Naidu, 1998). It statistical effects on
the soil bulk density were apparent as organic matter repeatedly applied in many years (Table 2).

Table 2. The Effects of FYM and GM applications on soil bulk density (g cm™)

1% year 2" year
0-10cm  10-20cm Y*A 0-10cm  10-20cm  Y*A A
C 1.27 1.33 1.30a** 1.28 1.33 1.30a  1.30A***
FYM 1.13 1.23 1.18d 1.10 1.20 1.15e 1.17C
GM 1.21 1.26 1.24b 1.18 1.24 1.21c 1.22B
Y*D 1.20c 1.28a* 1.19d 1.26b
Variation Source F P Variation Source F P
Year(Y) 36.32 0.000 YXA 12.18 0.000
Application (A) 793.97  0.000 YxD 0.40 0.533
Depth(D) 652.95 0.000 AxD 36.33 0.000
YXAXD 0.82 0.453

* Lowercase letters indicated interaction between Y and D
** |talic letters indicated interaction between Y and A
*** Capital letters indicated the effects of applications

In the first year (2012) average bulk density was 1.24 g cm™, while the second year (2013) it
decreased to 1.22 g cm. Continuous addition of organic matter, good crop rotation and reduced soil
tillage practices could provide the desired bulk density (Tsadilas et al., 2005; Mujdeci et al., 2017b).
Mujdeci et al., (2017a) stated that farmyard manure and biosolid applications reduced the soil bulk
density. A good soil structure is essential for sustainable crop production and bulk density is an
important indicator of soil structure (Xu and Zhang, 2004). The low organic matter content of the study
area (Table 1) enabled to a rapid response to the applied organic materials. On the other hand, the
properties of the added organic material were also important for improving bulk density (Mujdeci et al.,
2017b). The soil bulk density values were lower in the surface layer (0-10 cm, 1.19 g cm™) than the sub
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surface (10-20 cm, 1.27 g cm®). Although the soil was cultivated at a depth of about 20-25 c¢m, the
organic material in the surface layer was relatively high due to the stimulating environment for microbial
activity in the surface layer that acted in favour of reducing the bulk density (Shi et al., 2013; Mujdeci
et al., 2017b). Organic matter treatments increased the pore ratio in the surface soil and thus the bulk
density reduced. Organic matter is lower density than soil. In general, the higher organic matter means
the lower soil bulk density (Hossain et al., 2015). It was reported that the organic matter treatments
cause a depth-dependent organic matter increase in the soils and thus soil bulk density decrease (Mujdeci
etal., 2017b).

3.2. Soil water characteristics

The effects of FYM and GM applications on the soil water characteristics (0.001, 0.1, 0.33, 1,
5, 10 and 15 bar) were given in Table 3. The main effects and interactions were statistically significant
at all pressures, except for YXD and YxAXD interactions at 1, 5 and 15 bar (P <0.01). The highest
volumetric water content was found in the FYM application at all pressures. The lowest values were
obtained in the C treatment. FYM and GM applications caused a change in water content at all pressures.
Similarly, Mujdeci et al. (2017a) investigated the effects of different cultural practices (soil tillage,
farmyard manure and biosolid) on soil water characteristics (0.001, 0.1, 0.33, 1, 5, 10 and 15 bar). They
found the highest volumetric water contents in the FYM applications at all pressures. Barzegar et al.
(2002) stated that organic materials increased the amount of water held at a potential below 100 kPa.

Table 3. The results of variance analysis on the effects of FYM and GM applications on soil water
characteristics and available water content

Bar Variation Source F P Bar Variation Source F P
Y 1012.61 0.000 Y 658.68 0.000
A 14728.04 0.000 A 4067.12 0.000
D 19413.34 0.000 D 1783.26 0.000
0.001 YXA 252.13 0.000 5 YXA 173.85 0.000
YxD 7.00 0.014 YxD 3.95 0.058
AxD 347.96 0.000 AxD 5.72 0.009
YXAXD 5.70 0.009 YXxAXD 2.06 0.150
Y 901.47 0.000 Y 1086.13 0.000
A 5721.04 0.000 A 6539.07 0.000
D 4821.48 0.000 D 3833.17 0.000
01 YXA 226.64 0.000 10 YXA 281.28 0.000
YxD 6.64 0.017 YxD 4.94 0.036
AxD 65.90 0.000 AxD 7.82 0.002
YXAXD 9.87 0.001 YXAXD 1.48 0.247
Y 440.55 0.000 Y 698.69 0.000
A 2725.65 0.000 A 3975.25 0.000
D 555.28 0.000 D 1581.73 0.000
0.33 YXA 107.32 0.000 15 YXA 183.05 0.000
YxD 13.74 0.001 YxD 0.34 0.565
AxD 256.50 0.000 AxD 20.85 0.000
YXAXD 4,74 0.018 YXAXD 0.69 0.512
Y 617.59 0.000 Y 0.02 0.883
A 5186.73 0.000 A 3.19 0.059
D 1891.84 0.000 D 40.36 0.000
1 YXA 156.99 0.000 AWC YXA 7.83 0.002
YxD 1.44 0.243 YxD 6.13 0.021
AxD 7.53 0.003 AxD 100.56 0.000
YXAXD 1.03 0.373 YXAXD 1.85 0.179

Year (Y), Applications (A), Depth (D), Available water content (AWC)

With the addition of long-term organic material, the soil bulk density decreases while the water
retention capacity, porosity, infiltration capacity and aggregation increase (Haynes and Naidu, 1998).
Mujdeci and Uzumcu (2017) found that farmyard manure and green manure applications increased soil
aggregation and aggregate size. In this study, changes in water holding capacity depending on
applications 2" year were more prominent (Figure 1).
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Figure 1. The Effects of FYM and GM applications on soil water characteristics.

Similarly, many researchers stated that organic material applications increased soil water
retention capacities (Tsadilas et al., 2005; Tadesse et al., 2013; Alaboz et al., 2017; Mujdeci et al.,
2017a). The higher volumetric water contents were obtained on surface soil (0-10 cm) at all pressures
in question (Figure 1). This is due to the relative excess of organic matter in the surface layer. It was
clear that organic matter was more effective in increasing water retention properties (Yilmaz and
Alag6z, 2008). The field capacity and wilting point vary depending on the texture, organic matter,
structure, clay content, etc. (Karahan et al., 2014).

The effects of FYM and GM applications on the field capacity, wilting point and available water
content were given in Figure 2. The field capacity was between 0.323 and 0.361 cm? cm3, the wilting
point was between 0.197 and 0.126 cm® cm™. Available water content range was 0.118-0.126 cm?® cm.
Diallo and Mariko (2013) stated that the field capacity and wilting point moisture levels were reported
in the range of 16.01 - 45.90, 3.95 - 27.10%, respectively, on clay soils. FYM and GM applications
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resulted in increasing wilting point and field capacity. So, when the change was about the same ratio
(Haynes and Naidu, 1998), the difference was found non-significant in the available water content. Since
the soil has clayey texture, the effect of organic matter treatments remained trivial. Therefore, the effects
of organic materials to a specific soil was highly dependent on the properties, frequency and amount of
organic materials added and other environmental factors (Moraes et al., 2016; Pires et al., 2017; Sandin

etal., 2017).

Depending on the soil depth, the effects of organic material treatments on the available water
content became important (P<0.01). The available water content of surface layer (0.122 cm?® cm) was
lower than the sub-surface one (0.125 cm?® cm). The main effect of years was non-significant (Table

3).
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Figure 2. The Effects of FYM and GM applications on soil field capacity, wilting point and available

water content.

3.3. Porosity

The effects of FYM and GM applications on soil porosity were given in Table 4. All main effects
and interactions were significant for total, macro and micro porosity except for YXA, YXD and YXAXD

interactions for macro porosity (P <0.05).

Table 4. The effects of FYM and GM applications on porosity

Macro porosity

Micro porosity

Total porosity

F P F P F P

Y 5.24 0.031 440.55 0.000 1012.61 0.000
A 888.84 0.000 2725.65 0.000 14728.04 0.000
D 3509.59 0.000 555.28 0.000 19413.34 0.000
Y*A 2.84 0.078 107.32 0.000 252.13 0.000
Y*D 1.49 0.233 13.74 0.001 7.00 0.014
A*D 13.32 0.000 256.50 0.000 347.96 0.000
Y*A*D 2.86 0.077 4.74 0.018 5.70 0.009

Y: year, A: applications, D: depth
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The macro porosity of the soil ranged from 0.195 to 0.238 cm® cm3, while the micro porosity
was determined between 0.323-0.361 cm?® cm. Total porosity has a minimum of 0.520 cm® cm= and a
maximum of 0.599 cm® cm™. The total, macro and micro porosity of the soil were found to be the
highest in FYM application and the lowest in C application (Figure 3). FYM and GM applications were
caused changes in total, macro and micro porosity. However, the changes were more pronounced in the
second year.
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[ 15tyear 15tyear
[ 0-10cm =FYM 10-20cm

0,60 + oM ]' 0,60 4 ‘[
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Figure 3. The effects of FYM and GM applications on total, macro and micro porosity.

Mujdeci et al. (2017a) stated that farmyard manure and biosolid applications increased total
porosity and micro porosity. Variation of the applications depending on soil depth was found to be
statistically significant. Total, macro and micro porosity in the upper soil layer (0-10 cm) was higher
than the underlying soil (10-20 cm) (Figure 3). Total, macro and micro porosity were found to be the
highest in the FYM application at both depths, while the lowest values were obtained in the C application
(Figure 3). The applications provided more organic matter to surface soil and therefore, the effect of
organic materials on soil porosity was found to be higher at 0-10 cm. In the study, the effect of the
applications was found to be significant depending on the years. In second year, the highest total, macro
and micro porosity were determined in the FYM application. Since fine textured soils have a large
number of micro porosity, their water retention properties are high. The GM application was lower in
all depths and years than FYM. It has higher macro, micro and total porosity compared to control. This
is due to the organic material content of the soil after application. Organic material contents of GM
applied soil were lower than FYM (Mujdeci et al., 2017b).

4. Conclusions

In this study, the depth-dependent-effects of FYM and GM applications on some soil physical
properties (soil water characteristics (0.001. 0.1. 0.33. 1. 5. 10 and 15 bars), available water content,
porosity and bulk density) were investigated. The highest volumetric soil water content was obtained in
FYM application and the lowest volumetric soil water content was obtained in C application in all
pressure. Field capacity and wilting point increased depending on FYM and GM application. Available
water content also increased. However, the effects of applications on available water content were not
statistically significant. The effects of applications on porosity and bulk density were found to be
statistically significant. Total, macro and micro porosity were found as the highest in the FYM
application, the lowest in the C application. The FYM application was found to be more effective in
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improving soil physical properties in all investigated properties. As a result, there may be differences in
soil physical properties according to the applied materials. In order to have more pronounced effects of
organic matter applications, yearly or repeated incorporation of organic matter is suggested.
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Oz: Calismada, farkli sulama seviyeleri (IR125, IR100, IR75 ve IR50) ve biyo-
aktivator uygulamasinin Rubygem cilek ¢esidinin meyve ve yapraklarindaki mikro
besin element icerikleri (Fe, Cu, Mn, ve Zn) lzerine etkileri 2015-2016 yetistirme
déneminin aktif hasat doneminde (Mart-Mayis) incelenmistir. Cukurova
Universitesi deneme alaninda yiiriitilen ¢alisma sonucunda, farkli sulama
seviyelerinin yaprakta incelenen tim mikro besin element iceriklerinde 6nemli
farkliliklar olusturdugu belirlenirken, meyvelerde sadece Fe ve Zn igeriklerinde
onemli degisikliklere neden oldugu saptanmistir. IR50 uygulamasinin yaprak Fe,
meyve Fe ve Zn iceriklerinde en yiiksek dnem grubunda yer almasi dikkat
cekerken, IR75 uygulamasinin hem meyve hem de yaprak analiz sonuglarina gore
Zn, Cu ve Mn iceriklerinde IR100 ile ayni dnem grubunda yer aldig1 saptanmugtir.
Denemede biyo-aktivator uygulamalarinin hem yapraklarin hem de meyvelerin Zn,
Cu ve Fe iceriklerini énemli oranda arttirdigi belirlenmistir. Bu nedenle biyo-
aktivator uygulamasinin ¢ilek yetistiriciligi icin 6nemli bir strateji olabilecegi, ayni
zamanda %25 diizeyinde kisintili sulamanin su sikintist yaganan bolgelerde tam
sulamaya alternatif bir yontem olarak degerlendirilebilecegi diisiiniilmektedir.
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Abstract: In this study, the effects of different irrigation levels (IR125, IR100,
IR75 and IR50) and bio-activator application on micronutrient (Fe, Cu, Mn and Zn)
concentrations of fruits and leaves of cultivar Rubygem were investigated during
the active harvest period of 2015-2016. As a result of the study, which carried out
in Cukurova University trial area, it was determined that different irrigation levels
caused significant differences in all micronutrient element concentrations
examined in leaves, although it caused significant changes only in Fe and Zn
concentrations in fruits. IR50 application was found to be in the highest importance
group in leaf Fe, fruit Fe and Zn concentrations, while IR75 application was found
to be in the same importance group with IR100 for Zn, Cu and Mn concentrations
according to both fruit and leaf analysis results. In the experiment, it was
determined that bio-activator applications significantly increased Zn, Cu and Fe
concentrations of both leaves and fruits. Therefore, it is thought that bio-activator
application can be an important strategy for strawberry cultivation and at the same
time, 25% restricted irrigation can be considered as an alternative method to full
irrigation in water shortage areas.

"Bu calisma ‘Farkli Sulam_a Dﬁzeyle;_ri ve Biyoaktivatér Uygulamasinm iki Cilek Cesidinde Verim ve Meyve
Kalitesi ile Besin Elementi Igerikleri Uzerine Etkileri’ adli doktora tezinin bir béliimiinden iiretilmistir.
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1. Giris

Uziimsii meyveler igerisindeki en 6nemli yeri cilek tutmaktadir (Saridas, 2013). Hos kokulu,
cok lezzetli olmasi ile taninan bir meyve tiiri olan cilek taze tliketilmesinin yaninda, pastasi,
dondurmasi, sarabu, likori, regeli ve marmeladinin yapilmasi nedeni ile sanayiye de oldukga elveriglidir.
A, B, C ve E vitaminleri ile fosfor (P), kalsiyum (Ca) ve demir (Fe) gibi besin elementlerini de 6nemli
miktarda icermektedir. Ek olarak, gilek taze meyve bulmakta zorlanilan donemlerde yetistirildigi ve
cazibeli meyve olmasindan dolay1 diinyada ve iilkemizde g¢ilek yetistiriciligine olan ilgi giderek
artmaktadir. Nitekim Tirkiye ¢ilek tiretimi, bir dnceki yila gore 2018 yilinda, yaklasik %10.2 artig
gostererek tarihinin en yiliksek iiretim seviyesine ulagmistir. Ayrica, 440 968 ton gilek iiretimi ile
Avrupa’nin lideri konumundadir (TUIK, 2019).

Cilek genis yaprak alanina, s1g kok sistemine sahip olmakla birlikte meyvelerinin icerisinde
onemli miktarda su barindirmaktadir. Ayrica, hasada kadar olan donemde suya karst ¢ok hassas
olduklari belirlenmistir (Klamkowski ve Treder, 2006; Celiktopuz ve ark., 2018). Cilek yetistiriciliginde
basari; uygun toprak ve iklim sartlarinin olusturulmasi (Seferoglu ve Kaptan, 2010; Geger ve Yilmaz,
2011) ile yiiksek su kullanim etkinliginin elde edilmesine baghdir. Ancak, Akdeniz bolgesi
yetistiricilerinin 0zellikle sulama suyu miktarini ve zamamm belirlerken hava durumu ve bitki
ozelliklerini dikkate alarak karar verdikleri ve asir1 ya da yetersiz miktarda sulama suyu uygulayarak su
kullanim etkinligini diisiirdiikleri goriilmiistiir (Celiktopuz, 2019). Ozellikle asir1 sulama uygulanmasi
sonucunda, killi ve siltli topraklarda mantari hastaliklar ile kloroz (Fe’nin toprakta alinamaz forma
gegmesi nedeniyle), kumlu topraklarda ise P, Magnezyum (Mg), ve Ca’un yikanmasi ile meyve verim
ve kalitesinde Onemli kayiplara yol agmaktadir. Ek olarak, yiiksek toprak su igerigine uyum
saglayamayan {riinlerin gelisimi ve veriminin azaldig1 belirlenmistir (Boukar ve ark., 1996).

Su stresi, Akdeniz bolgesindeki bitkilerin gelismesini, meyve kalitesini, ekonomik gelirini ve
siirdiriilebilir verimliligini (Ghaderi ve ark., 2015) olumsuz etkileyen en onemli ¢evresel streslerin
basinda gelmektedir. Kiiresel 1sinma ile birlikte, ortalama sicakliklarin dniimiizdeki on yil igerisinde
daha da artmasi beklenmektedir (European Environment Agency, 2004; Grant ve ark., 2012) ve bunun
sonucunda sulama suyuna olan talep de artacaktir (Feng ve Fu, 2013; Celiktopuz ve ark., 2018). Tim
bu nedenlerden dolay1 son yillarda sulama caligmalari biiyiik 6nem kazanmasina ve su stresinin
niceliksel olarak belirlenmesinin kolay olmasina (Ekinci ve Bagbag, 2019) ragmen, ¢ilek i¢in en uygun
sulama suyu miktariin belirlenmesi konusunda az sayida ¢alisma bulunmaktadir.

Tarimsal arastirmalardaki giincel zorluklardan biri abiyotik ve biyotik streslerle ekonomik ve
aym zamanda cevre dostu siirdiiriilebilir yaklasimlarla nasil basa ¢ikilabilecegidir. Ozellikle su stresi
gibi abiyotik bir strese kars1 (Spinelli, 2010) verimi ve kaliteyi arttirici biyo-aktivatorler gibi tarim i¢in
yeni uygulamalar denemek son zamanlarda oldukga populerdir. Nitekim biyo-akivatorler, bilimsel
topluluklar tarafindan tarimsal iiretim malzemesi olarak kabul edilmistir (Bulgari, 2015). Biyo-
aktivatorler iceriklerinde mikro ve makro elementleri, bitki gelisimini arttirici maddeler, amino asitler
ve vitaminleri bulundururlar (Khan ve ark., 2009; Sharma ve ark., 2014). Benzer olarak, Kunichi (2010)
ve Bulgari (2015) biyo-aktivatorlerin besin elementi yarayishiligini arttirdigini, bitki gelisimini
hizlandirdigini ve kullanilan giibre miktarini azalttigim bildirmislerdir. EK olarak, Battacharyya ve ark.
(2015) biyo-aktivatorlerin ¢ok diisiik oranlarda bile kullanildiginda bitki besin elementi igeriklerini
arttirdigini bildirmislerdir. Geger ve Yilmaz (2011) biyo-aktivator kullaniminin Van ili iklim sartlarinda
Camarosa ve Selva gilek ¢esitleri izerinde azot (N) ve bakir (Cu) iizerine olumlu etki yaptiklarini, Alam
ve ark., (2013) ise ¢ilekte verim ve kaliteyi arttirdigini belirtmislerdir.

Cileklerin besin elementi igeriklerini iklim sartlari, meyve gelisme durumu, fertigasyon
programlari, cesitler (Saridas, 2013), topraklarin fiziksel ve kimyasal yapilar ile sulama yonetimi
etkilemektedir (Celiktopuz, 2019). Ortamdaki su miktar1 ve toprak yapisi ile birlikte besin
clementlerinin  alinabilir durumda olmasi elementlerin topraktan bitki biinyesine dogru
hareketlenmesinde 6nemli rol oynamaktadir. Ayrica, sagak kok yapisina sahip olan bitkilerin besin
element alimlarimin daha iyi oldugu bilinmekle birlikte toprak-su iligkilerinin besin elementlerinin
¢Oziiniirliigli ve bulunabilirligi ile ilgili tiim fizyolojik siirecleri etkiledigi belirlenmistir (Pessarakli,
1999). Bitkilerde, su ve besin elementi tasima sisteminde meydana gelebilecek herhangi bir aksaklik,
fertigasyon uygulamalarina devam edilmesi durumunda bile, gerekli miktarda besin maddesinin
almmasin1 engelleyebilir. Ayrica, bilingsizce ve asir1 uygulanan fertigasyon programlari bitkide,
toprakta ve yer alt1 sularinda telafisi olmayan sorunlara yol agmakta ve toprakta antagonist iliskilere de

19



. YYU TAR BiL DERG (YYU J AGR SCI) 30 (1): 18-29
Celiktopuz ve Ozekici / Cilek Meyve ve Yaprak Mikro Besin Elementlerinin Farkli Sulama Seviyeleri ile Biyo-aktivatér Uygulamasina Tepkileri

neden olarak elementlerin alimini zorlastirmaktadir (Inal ve ark., 1999). Toprakta az ya da ¢ok su olmasi
durumunda meydana gelen su streslerinin besin elementi tasima sistemi tizerindeki etkilerini daha iyi
anlamak ve su streslerinin (az ya da ¢ok) neden oldugu zararlar ile buna bagl olarak besin elementi
eksikliklerini en aza indirebilecek ¢aligmalar tasarlamak tarimin gelecegi agisindan 6nemlidir. Ayrica,
bitkiler fiziksel acidan mikro besinlere, makro besinlere gore daha az ihtiya¢ duymasina ragmen, mikro
besin elementlerinin énemi giinden giine daha fazla anlagilmaktadir. Cilinkii ¢ok sayida mikro besin
elementinin stres kosullari altinda bile bazi enzimleri tesvik ettigi ve bitki metabolizmasini diizenlemeye
yardimei oldugu diistintilmektedir (Grewal ve Williams, 2000).

Kisaca, diinya niifusunun hizla artmasi, iklim degisikligi ve su kaynaklarinin azalmasi ile
birlikte diisiiniildiigiinde artan insan niifusunu beslemek i¢in yiikksek verim ve kalite elde edilmesi
konusunda hiikiimetler iizerindeki baski artmaktadir. Ayrica, diinyadaki topraklarin yarist mikro besin
elementlerince yetersizdir ve daha yuksek verim elde edilmesi isteniyorsa mikro besin elementlerinin
daha fazla takip edilmesi gerekmektedir (Baligar ve ark., 2001). Ancak, farkli sulama suyu seviyelerinin
cileklerin, baslica meyvelerde olmak iizere, mikro besin elementi igerikleri Uzerine etkilerini konu alan
¢ok az sayida ¢alisma mevcuttur. Bu nedenle, arastirmada dort farkli sulama seviyesi ve biyo-aktivator
uygulamasinin Rubygem ¢ilek ¢esidinin mikro besin elementi igerikleri (yaprak ve meyve) lizerine
etkilerini aragtirmak amaglanmustir.

2. Materyal ve Yontem

Deneme, 2015-2016 yetistirme donemi igerisinde C.U Ziraat Fakiiltesi arazilerinde bulunan
Ispanyol tipi yiiksek tiineller igerisinde yiiriitiilmiistiir. Deneme alania ait topraklar analiz edilmis ve
tarla kapasitesinin 34 g/g, solma noktasinin ise 18 g/g oldugu belirlenirken, topraklarin kill1 tinl yapida
oldugu ve tuzluluk yoniinden sikintisinin olmadigi saptanmustir. Cilek fideleri sira aralar1 40 cm, sira
iizerileri karsilikli gelmeyecek sekilde cift tarafli iggen formatinda 30 cm olarak 10 Kasim 2015
tarihinde dikilmistir. Calismamizda 16 mm g¢apinda, 2.7 It/sa debili polietilen, damla sulama borular1
(sulama ve giibreleme icin kullanilmistir) hazirlanan seddelerin ortasina gelecek sekilde yerlestirilmis
ve daha sonra gri renkli malgla seddelerin iizeri Ortiilmiistiir. Aragtirmada bitki materyali olarak
Tirkiye’de ve Diinya’da 6nemli giincel bir ¢esit olan Rubygem kullanilmistir. Calismada giibreleme bir
degisken olmayip, deneme basindan sonuna kadar biitiin konulara esit miktarda uygulanmistir. Deneme
boyunca uygulanan giibreleme programi Cizelge 1’de gosterilmistir. Ayrica, tiim konulara {i¢ yaprakl
olana kadar ayni1 miktarda su uygulanmistir (60 mm). Daha sonra, farkli sulama seviyesi uygulamalarina
gecilerek, deneme sonuna kadar uygulanan sulama suyu miktarlar1 hesaplanmis ve farkli sulama
seviyelerinin etkileri incelenmistir.

Arastirmada dort farkli sulama seviyesi uygulanmistir. Bunlar bitkinin ihtiyacinin tamaminin
verildigi tam sulama uygulamasi (IR100), tam sulamanin %125’nin verildigi uygulama (IR125),
%75’inin verildigi (IR75) ve yarisinin verildigi (IRS0) uygulamalardir. Ek olarak, biyo-aktivator
uygulamalar1 biyo-aktivatorlu (C) ve biyo-aktivatorsuz (kontrol) olarak iki seviyede denemeye
alinmistir. Biyo-aktivator olarak tamamen dogal, toksik olmayan, bitki biiylimesini tesvik eden, yabani
bitkilerden retilen organik sertifikali (BCS Oko-Garantie GMBH, Niirnberg/Almanya tarafindan
onayli) ticari bir bitki 6zii ¢esidi kullanilmistir. Bu biyo-aktivatdriin igerigi 250 ppm gibberellik asit,
%1.5 KO, %18 alginik asit ve %67 organik asitten olusmaktadir. Biyo-aktivatoriin etkilerinin
belirlenmesi amaciyla bitkilere ilk ¢igeklenmeden itibaren toplam dort kez (U¢ haftada bir olmak (izere)
20 g/dekar uygulama yapilmistir. Kontrol olarak adlandirilan konulara ise uygulama yapilmamis ve
konular arasindaki farklar degerlendirmeye alinmistir. Sulamalar, farkli su seviyelerine gecilmesinden
sonra {i¢ giinde bir uygulanmaistir.

Deneme sonunda IR50, IR75, IR100 ve IR125 uygulamalarina toplamda sirasiyla 203 mm, 274
mm, 345 mm ve 417 mm sulama suyu uygulanmistir. Sulama miktarlarinin hesaplanmasinda, yiiksek
tiinelin ortasina yerlestirilen, A-sinifi buharlasma kabindan hesaplanan buharlagsma degerlerinin de
kullanildig1 Esitlik 1°den yararlanilmigtir. Esitlige gore, n: uygulama alanindaki damlatici sayisi (adet),
q: damlatict debisi (It/sa), Kep: bitki pan katsayilar1 (0.5, 0.75, 1 ve 1.25), P: bitki ortii yiizdesi (%), Eo:
A-sinifi buharlasma kabindan 6lgiilen ardisik iki deger arasindaki fark (mm), A: sulanacak alan (m?) ve
t: sulama sisteminin ¢aligsma siiresi (saat).

t=(AxEoxPxKcp)/qxn (IR100 hesabt) (1)
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Farkli sulama suyu ve biyo-aktivatér uygulamalarinin aktif hasat donemindeki aylarda (Mart,
Nisan ve Mayis) meyve ve yapraklardaki mikro besin elementleri igerikleri ilizerine yaptiklari
degisiklikleri tespit etmek amaciyla bir¢ok islem gerceklestirilmistir. Mart, Nisan ve Mayis aylarini
temsil edecek sekilde {i¢ yinelemeli olarak meyve ve yaprak ornekleri alinmigtir. Meyve (hasat edecek
olgunluga sahip) ve yaprak drnekleri 10-15 bitkiden rastgele secilerek toplandiktan sonra laboratuvarda
once Hidroklorik asitle (HCL) seyreltilmis %0.1°lik sudan daha sonrada 2 tekrarlamali saf sudan
gegirilerek temizlenmistir. Daha sonra yapraklar ve meyveler (birkag parcaya boliiniip) etiivde 65°C’de
sabit agirliga gelinceye kadar bekletilmistir (Tagliavini ve ark., 2004). Kurumus olan meyve ve yaprak
ornekleri ogitiiliip (agat degirmeninde), 0.2 g tartilarak (kuru yakma metoduna gore) cam krozelerde
550°C’de kiil firiminda yakilmistir. Yakilan 6rneklerin tizerine saf su (18 ml) ve 2 ml 1/3’liik HCL
eklenmis ve mavi bant filtre kagidinda siizdiiriilerek analiz i¢in hazir hale getirilmistir. Analize hazir
olan Orneklerde ¢inko (Zn), Fe, Mangan (Mn) ve Cu okumalar ic¢in atomik absorpsiyon
spektrofotometre (Perkin-Elmer) cihazindan yararlanilmistir (AOAC, 1990).

Cizelge 1. Denemede uygulanan fertigasyon programi

Uygulama Tarihi Gubrelerin icerikleri Miktar
15.12.2015 Fosfat (%60) 700 g/dekar
22.12.2015 Demir (%9) 0.4 L/100 L
01.01.2016 Humik ve pulvik asit (%22), (_)rganik madde (%12), 1 L/dekar

Potasyum oksit (%3)
10.01.2016 Demir (%9) 0.4L/100L
28.01.2016 Humik ve pulvik asit (%622), (_)rganik madde (%12), 1 L/dekar
Potasyum oksit (%3)
28.01.2016 Potasyum (%30), Azot (%3) 700 g/dekar
08.02.2016 Humik ve puIviI; asit (%22), (_)rganik madde (%12), 1 L/dekar
otasyum oksit (%3)
08.02.2016 Kodefol 710 (11-6-44+ME) 800 g/dekar
19.02.2016 (8So3) +18+18+18 + TE + (3 MgO) 2 kg/dekar
23.02.2016 Potasyum (%30), Azot (%3) 700 g/dekar
01.03.2016 Mikro (%1.5 Cu, %3.5 Mn, %0.4 B, %4 Fe, %4.0 Zn) 700 g/dekar
11.03.2016 Potasyum (%34), Fosfor (%51) 2 kg/dekar
25.03.2016 (8So3) +18+18+18 + TE + (3 MgO) 2 kg/dekar
25 03.2016 Humik ve pulvik asit (%622), (_)rganik madde (%12), 2 L/dekar
Potasyum oksit (%3)
04.04.2016 Crop Master (% 0.03 Amino_asit, %0.0l alginik asit, %5 organik 0.7 L/dekar
madde, giberallin75 ppm)
18.04.2016 Potasyum (%34), Fosfor (%51) 2 kg/dekar
27.04.2016 Bor (%21) 250 g/dekar
27.04.2016 Demir (%9) 2 kg/dekar
06.05.2016 Mikro (%1.5 Cu, %4 Fe, %3.5 Mn, %0.4 B, %4.0 Zn) 700 g/dekar
06.05.2016 Fosfat (%60) 350 g/dekar
13.05.2016 Ca(NOs), 1 L/dekar
16.05.2016 Potasyum (%30), Azot (%3) 700 g/dekar
16.05.2016 Mikro (%2.72 Mn, %2.72 Zn ve %2.72 Fe) 700 g/dekar
24.05.2016 Potasyum (%30), Azot (%3) 700 g/dekar
24.05.2016 Bor (%21) 150 g/dekar

Deneme 4 x 2 faktoriyel duzende (sulama seviyesi X biyo-aktivator uygulamasi) ¢ yinelemeli
olarak (ardisik Ui¢ ay) boliinmiis parseller deneme desenine gore toplamda 24 parselde yiriitiilmistiir.
Biyo-aktivator uygulamalari ana parselleri olustururken, sulama seviyeleri ise alt parselleri
olusturmustur. Caligmadaki verilere JMP programinda varyans analizi uygulanmis ve ortalamalar
arasindaki farklar LSD testine gore gruplandirilmistur.

3. Bulgular
Calismada farkli sulama seviyelerinin hem yaprakta hem de meyvedeki besin elementi igerigi

iizerine etkileri incelenerek, alt bagliklar halinde verilmistir.
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3.1. Yaprak mikro element icerikleri

Calismada sulama seviyeleri agisindan en yiiksek yaprak Fe igerigi 76.5 ppm ile IR50
uygulamasindan, en diisiik icerigi IR 125 uygulamasindan 65.0 ppm ile elde edilmis olup sulama
seviyeleri arasindaki farklar anlamli bulunmustur (p<0.01). Sulama x uygulama x ay etkilesimden elde
edilen en yiiksek Fe igerigi RC50 (Rubygem x biyo-aktivatorli x IR50) konusundan (101.0 ppm) Nisan
ay1 igerisinde hasat edilen yapraklardan elde edilirken, en diisiik icerik Mayis ay1 igerisinde hasat edilen
R100 (Rubygem x kontrol x IR100) konusundan (53 ppm) elde edilmistir. Ancak, meydana gelen bu
farklar anlamli bulunmamustir. Aylara gore incelendiginde en yiiksek yaprak Fe icerigine Nisan ayinda
ulagilmistir. Aylar arasinda meydana gelen farkliliklar anlamli bulunmustur (p<0.01).

Calismada sulama seviyeleri agisindan en yiiksek yaprak Cu igerigi 5.14 ppm ile IR75
uygulamasindan, en diisiik yaprak Cu igerigi 4.30 ppm ile IR50 uygulamasindan elde edilmistir. Sulama
seviyeleri arasinda meydana gelen farklar anlamli bulunmustur (p<0.01). Sulama x uygulama x ay
etkilesimden elde edilen en yiiksek Cu igerigi RC100 konusundan (7.00 ppm) Mart ay1 igerisinde hasat
edilen yapraklardan elde edilirken, konular arasindaki farklarin anlamli olmadigi belirlenmistir. Aylara
gore incelendiginde en yiiksek yaprak Cu igerigine Mart ayinda ulasilmis olup, aylar arasinda meydana
gelen farkliliklar anlamli bulunmustur (p<0.01).

Calismada sulama seviyeleri agisindan en yiiksek yaprak Mn igerigi 283 ppm ile IR100, en
diisiik yaprak Mn igerigi 222 ppm ile IR50 uygulamasindan elde edilmis olup, sulama seviyeleri
arasindaki farklar anlamli bulunmustur (p<0.01). Sulama x uygulama x ay etkilesimden elde edilen en
yuksek Mn igerigi Mart ayinda RC75 uygulamasindan 338 ppm ile elde edilmistir. Ancak, bu
etkilesimden olusan farklar istatistiksel olarak anlamli bulunmamusgtir. Aylara gore incelendiginde en
yuksek yaprak Mn igerigi Mart ayinda hasat edilen yapraklardan elde edilmis olup, aylar arasinda
meydana gelen farkliliklar anlamli bulunmustur (p<0.01).

Calismada sulama seviyeleri agisindan en yiiksek yaprak Zn igerigi 16.6 ppm ile IR100, en
diisiik yaprak Zn igerigi 14.8 ppm ile IR125 uygulamasindan elde edilmis olup, sulama seviyeleri
arasindaki farklar anlamli 6nemli bulunmustur (p<0.01). Sulama x uygulama x ay etkilesimden elde
edilen en yiiksek Zn igerigi Mart ayinda RC100 uygulamasindan hasat edilen yapraklardan 19.9 ppm ile
elde edilmistir. Ancak, bu etkilesimden kaynaklanan farklar istatistiksel olarak anlamli bulunmamastir.
Aylara gore incelendiginde en yiiksek yaprak Zn igerigi Mart ayinda hasat edilen yapraklardan elde
edilmis olup, aylar arasinda meydana gelen farkliliklar anlamli bulunmustur (p<0.01).

Biyo-aktivator uygulanan bitkilerden hasat edilen yapraklarin, kontrol bitkilerinden hasat edilen
yapraklara kiyasla ortalama 3.2 ppm daha yiiksek Fe, 0.40 ppm daha yiiksek Cu, 5.0 ppm daha yiiksek
Mn ve 0.50 ppm daha yiksek Zn igeriklerine sahip olduklari belirlenmistir. Biyo-aktivator
uygulamalarinin, kontrol konularina kiyasla olusturdugu bu farklar incelendiginde, Mn hari¢ diger
incelenen elementler igin istatistiksel olarak 6nemli oldugu saptanmustir.

3.2. Meyve mikro element icerikleri

Calismada sulama seviyeleri agisindan en yiiksek meyve Fe igerigi 47.6 ppm ile IR50
uygulamasindan, en diisiik meyve Fe icerigi IR 125 uygulamasindan 36.9 ppm ile elde edilmis olup
sulama seviyeleri arasindaki farklar anlamli bulunmustur (p<0.01). Sulama x uygulama x ay
etkilesimden elde edilen en yiiksek Fe igerigi RC50 konusundan (52.8 ppm) Nisan ay1 igerisinde hasat
edilen meyvelerden elde edilirken, en diisiik icerik degeri Mayis ay1 igerisinde hasat edilen R125
konusundan (34.6 ppm) elde edilmistir. Ancak, meydana gelen bu farklarin anlamli olmadig: tespit
edilmistir. Aylara gore incelendiginde en yiliksek meyve Fe igerigine Nisan ayinda ulasilmis olup, aylar
arasinda meydana gelen farkliliklar anlamli bulunmustur (p<0.01).

Calismada sulama seviyeleri agisindan en yiliksek meyve Cu igerigi 2.61 ppm ile IR125
uygulamasindan, en diisiik meyve Cu igerigi 2.46 ppm ile IR50 uygulamasindan elde edilmistir. Sulama
seviyeleri arasindaki farklarin anlamli olmadig1 belirlenmistir. Sulama x uygulama x ay etkilesimden
elde edilen en yuksek meyve Cu igerigi RC100 konusundan (2.91 ppm) Mart ay1 igerisinde hasat edilen
meyvelerden elde edilirken, konular arasindaki farklar anlamli bulunmamistir. Aylara gore
incelendiginde en yiiksek meyve Cu igerigine Mart ayinda ulasilmis olup, aylar arasinda meydana gelen
farkliliklar anlamli bulunmustur (p<0.01).
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Cizelge 2. Farkli sulama suyu miktarlar ile biyo-aktivatér uygulamalarinin ¢ilek yapraklarinin mikro
besin element icerikleri Uzerine etkileri.

Sulama Uygulama Mart Nisan Mayis Sul X Uyg Sulama Ort.
Kontrol 62.3 99.7 62.6 74.9
IR50 Biyo-aktivator 67.6 101.0 65.9 782 7652
Kontrol 59.1 91.7 59.6 70.1
= IR75 Biyo-aktivator 64.4 94.2 60.4 73.0 716b
= Kontrol 58.1 90.2 57.2 68.5
g IR100 Biyo-aktivator 62.6 92.7 59.4 715 700b
> Kontrol 55.1 81.4 53.0 63.2
w IR125 Biyo-aktivator 61.3 83.9 55.4 66.9 650¢
Ay Ortalamasi 61.3b 919a 59.2¢
Uygulama Ortalamasi . Kontr.OI 69.28
Biyo-aktivator 724 A
LSD ay*** =2.00 LSD uyg*** =1.64 LSDsul***=231 LSD sulxay*=4.01
Sulama Uygulama Mart Nisan Mayis Sul X Uyg Sulama Ort.
Kontrol 5.42 3.39 3.66 4.15
IR0 Biyo-aktivator 5.52 3.95 3.86 4.44 4.30b
Kontrol 6.24 4.28 4.29 4.94
e IR75 Biyo-aktivator 6.94 4.50 461 5.35 5142
IS Kontrol 6.05 4.02 4.40 4.82
E IR100 Biyo-aktivator 7.00 4.36 411 5.16 4992
jun
o Kontrol 5.69 3.90 4.32 4.64
IR125 Biyo-aktivator 6.68 4.29 4.61 5.19 4.922
Ay Ortalamasi 6.19 a 4.09 b 4.23b
Kontrol 4.64B
Uygulama Ortalamast Biyo-aktivator 5.04 A
LSD ay*** = 0.36 LSD sul*** = 0.42 LSD uyg*** =0.38
Sulama Uygulama Mart Nisan Mayis Sul X Uyg Sulama Ort.
Kontrol 274 194 185 218
IR0 Biyo-aktivator 287 203 188 226 222¢
Kontrol 330 261 225 272
2 IR75 Biyo-aktivator 338 263 233 278 2752
> Kontrol 322 257 263 281
& IR100 Biyo-aktivator 324 260 274 286 2832
s Kontrol 312 226 228 255
IR125 Biyo-aktivator 323 219 232 258 257D
Ay Ortalamast 314 a 236 b 229 b
Kontrol 257
Uygulama Ortalamast Biyo-aktivator 262
LSD ay*** =7.10 LSD sul*** =8.19 LSD sul x ay*** = 14.19
Sulama Uygulama Mart Nisan Mayis Sul X Uyg Sulama Ort.
Kontrol 16.9 14.3 12.1 145
IRS0 Biyo-aktivator 17.5 14.5 13.2 15.1 156 b
Kontrol 19.3 14.9 13.9 16.0
5 IRTS Biyo-aktivator 19.7 152 153 16.7 164a
> Kontrol 19.7 15.1 14.8 16.5
E IR100 Biyo-aktivator 199 152 15.1 167 16.6a
[
N Kontrol 17.2 14.9 13.7 15.3
IR125 Biyo-aktivator 18.0 15.1 14.7 15.9 148¢
Ay Ortalamasi 185a 149b 14.1c
Uygulama Ortalamasi . Kontr.OI 1568
Biyo-aktivator 16.1 A
LSD ay*** = 0.62 LSD uyg* =0.51 LSD sul*** = (.72

1) Ortalamalar arasindaki farklar ayr1 harflerle gosterilmistir. 2) ***p<0.01, *p<0.05

Calismada sulama seviyeleri agisindan en yliksek meyve Mn icerigi 45.7 ppm ile IR50, en diisiik
meyve Mn igerigi 42.8 ppm ile IR125 uygulamasindan elde edilmis olup, sulama seviyeleri arasinda
meydana gelen farklar istatistiksel olarak 6nemli bulunmamistir. Sulama x uygulama x ay etkilesimden
elde edilen en yilksek meyve Mn igerigi Mart ayinda RC50 uygulamasindan 55.5 ppm ile elde edilmistir.
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Ancak, bu etkilesimden olusan farklar istatistiksel olarak anlamli bulunmamigtir. Aylara gore
incelendiginde en yiiksek meyve Mn igerigi Mart aymnda hasat edilen meyvelerden elde edilmis olup,
aylar arasinda meydana gelen farkliliklar anlamli bulunmustur (p<0.01).

Cizelge 3. Farkli sulama suyu miktarlari ile biyo-aktivatér uygulamalarmin ¢ilek meyvelerinin mikro
besin element icerikleri tizerine etkileri.

Sulama Uygulama Mart Nisan Mayis Sul X Uyg Sulama Ort.
Kontrol 42.3 48.0 42.3 45.4
IR50 Biyo-aktivator 49.9 52.8 46.4 49.7 4762
Kontrol 42.1 459 40.1 42.7
e IR75 Biyo-aktivator 457 480 439 459 44.3b
> Kontrol 38.2 40.1 36.2 38.2
E IR100 Biyo-aktivator 393 423 37.8 30.8 390¢
e Kontrol 36.5 36.3 34.6 35.8
IR125 Biyo-aktivator 38.5 39.1 36.7 38.1 369¢
Ay Ortalamasi 42.0b 44.1a 39.7¢c
Uyeul Ortal Kontrol 405B
yguiama Lrtalamast Biyo-aktivator 434 A
LSD ay*** = 2.05 LSD uyg*** = 1.68 LSD sul*** =237
Sulama Uygulama Mart Nisan Mayis Sul X Uyg Sulama Ort.
Kontrol 2.60 233 241 2.45
IRS0 Biyo-aktivator 2.65 2.35 2.44 2.48 2.46
Kontrol 2.63 2.35 2.39 2.46
5 IR75 Biyo-aktivator 2.80 2.48 257 262 2.54
> Kontrol 2.59 2.27 2.60 249
E IR100 Biyo-aktivator 291 245 2.73 2.70 2.9
>
O Kontrol 2.60 2.30 2.64 2.52
IR125 Biyo-aktivator 2.95 243 271 2.69 261
Ay Ortalamasi 2.72a 237c 256 b
Kontrol 248B
Uygulama Ortalamas! Biyo-aktivator 262 A
LSD ay*** =0.14 LSD uyg* =0. 11
Sulama Uygulama Mart Nisan Mayis Sul X Uyg Sulama Ort.
Kontrol 53.6 44.1 36.3 44.7
IR50 Biyo-aktivator 555 461 38.4 467 457
Kontrol 47.1 44.6 35.1 42.2
2 IR75 Biyo-aktivator 52.7 41.9 38.3 44.3 433
> Kontrol 52.4 45.8 35.9 44.7
\Ef IR100 Biyo-aktivator 50.4 40.8 37.7 42.9 438
s Kontrol 49.5 44.2 35.3 43.0
IR125 Biyo-aktivator 512 410 354 425 428
Ay Ortalamasi 516a 436b 36.6 c
Kontrol 43.7
Uygulama Ortalamas: Biyo-aktivator 441
LSD ay*** =1.99
Sulama Uygulama Mart Nisan Mayis Sul X Uyg Sulama Ort.
Kontrol 9.09 6.15 5.72 6.99
IR50 Biyo-aktivator 10.3 8.60 7.75 8.88 7932
Kontrol 8.94 5.89 5.02 6.62
D IR75 Biyo-aktivator 8.25 5.48 7.43 7.04 684b
> Kontrol 8.52 6.03 5.21 6.59
E IR100 Biyo-aktivator 8.07 5.61 7.47 7.05 6.82b
k=
N Kontrol 8.06 5.89 5.00 6.31
IR125 Biyo-aktivator 7.77 5.57 5.53 6.29 6.30b
Ay Ortalamasi 8.62a 6.15b 6.14b
Uveul Ortal Kontrol 6.63 B
ygulama Lrtalamast Biyo-aktivator 7.32A

LSD ay*** =0.74 LSDuyg*=0.60 LSD sul*** =0.85 LSD uyg x ay* = 1.04
1) Ortalamalar arasindaki farklar ayr1 harflerle gosterilmistir. 2) ***p<0.01, *p<0.05

Calismada sulama seviyeleri a¢isindan en yiiksek meyve Zn igerigi 7.93 ppm ile IR50, en diisiik
meyve Zn igerigi 6.30 ppm ile IR125 uygulamasindan elde edilmis olup, sulama seviyeleri arasindaki
farklarin anlamli oldugu saptanmistir (p<0.01). Sulama x uygulama x ay etkilesimden elde edilen en
yliksek meyve Zn igerigi Mart ayinda RC50 uygulamasindan hasat edilen meyvelerden 10.3 ppm ile
elde edilmistir. Ancak, bu etkilesimden kaynaklanan farklar istatistiksel olarak anlamli bulunmamastir.
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Aylara gore incelendiginde en yiiksek meyve Zn icerigi Mart ayinda hasat edilen meyvelerden elde
edilmis olup, aylar arasinda meydana gelen farkliliklar anlamli bulunmustur (p<0.01).

Biyo-aktivator uygulanan bitkilerden hasat edilen meyvelerin, kontrol bitkilerinden hasat edilen
meyvelere gore ortalama 2.9 ppm daha yiiksek Fe, 0.14 ppm daha yiiksek Cu, 0.4 ppm daha yiiksek Mn
ve 0.69 ppm daha yiiksek Zn iceriklerine sahip olduklar1 belirlenmistir. Biyo-aktivatér uygulamalarinin,
kontrol konularina kiyasla olusturdugu bu farklar incelendiginde, Mn hari¢ diger elementler icin
istatistiksel olarak 6nemli oldugu saptanmaistir.

4. Tartisma ve Sonug

Istenilen iiriin miktar1 ve kalitesine ulasabilmek icin uygulanacak en uygun sulama miktarmnin
ve besin element ihtiyacmin belirlenmesi sarttir. Clinkii hem sulama miktarinin hem de besin
elementlerinin eksiklikleri ya da fazlaliklarinda meyve kalite ve veriminde ciddi diisiisler meydana
gelebilmektedir. Ozellikle besin elementi ihtiyacin1 anlayabilmek ve ihtiyaci kadar besin elementini
takviye etmek i¢in en dogru yontem ise yaprak ve meyvelerde yapilan analizlerdir. Yapraklarla ilgili
¢ok az sayida kaynak olsa da, meyve besin elementi analizleri {izerine yapilan ¢aligsmalar yok denecek
kadar azdir.

Hasat edilen yapraklarin Fe icerikleri genel olarak 53 ppm — 101 ppm arasinda degismistir. Elde
edilen bu degerler Mills ve Jones (1996) ile Jones ve ark. (1991)’nin bildirdigi yeterlilik sinir degerleri
icerisinde yer aldig1 belirlenmistir. Ayrica, May ve Pritts (1993), cilekler icin yaprak Fe igeriklerinin 70
ppm — 250 ppm arasinda, Seferoglu ve Kaptan (2010) 110 ppm — 265 ppm arasinda oldugunu
bulmuslardir. Hasat edilen yapraklarin Cu igerikleri 3.39 ppm — 7.00 ppm arasinda degistigi
belirlenmistir. Ancak, bu degerler Mills ve Jones (1996) ile Jones ve ark. (1991)’nin buldugu degerlere
gore genellikle diisiik kalmigtir. Hasat edilen yapraklarin Mn icerikleri 185 ppm — 338 ppm arasinda
degistigi belirlenmis ve Mills ve Jones (1996)’un bildirdigi sinir degerlikleri igerisinde yer almistir.
Jones ve ark., (1991) gelismesini tamamlamis geng ¢ilek yapraklariin, tam ¢igeklenme doneminde, Mn
iceriklerinin 50 ppm -200 ppm arasinda oldugunu bulmuslardir. Cilek i¢in Mn igeriklerinin Ersoy ve
Demirsoy (2006) 36.3 ppm — 101.8 ppm, Seferoglu ve Kaptan (2010) 11 ppm- 137 ppm arasinda
degistigini belirtmislerdir. Hasat edilen yapraklarin Zn igerikleri 12.1 ppm — 19.9 ppm arasinda
degismistir. Mills ve Jones (1996) ve Jones ve ark., (1991)’nin bildirdikleri yeterlilik sinir degerlerine
gore eksik kaldiklari belirlenmistir. Ek olarak, ¢ilek yapraklarinin Zn igeriklerinin May ve Pritts (1993),
20 ppm — 250 ppm, Seferoglu ve Kaptan (2010) 27 ppm — 74 ppm arasinda oldugunu bildirmiglerdir.

Arastirmada en yiiksek yaprak Fe igerik degeri IR50 uygulamasindan elde edilmesi dikkat
cekmistir. Sardans ve ark., (2008) kurakligin bitki koklerinde Fe iceriklerini arttirabilecegini
bulmuslardir. IR50 uygulamasindan sonra ise su miktarinda meydana gelen artislarin yaprak Fe
iceriklerini azalttigi tespit edilmistir. Cilekler, dikotiledon bitki smifina girer ve topraktaki Fe
degisimlerine olduk¢a hassastirlar. Yapilan gbézlemlerde de artan sulama suyu miktar1 ile birlikte
klorozun siddetinin de arttig1 belirlenmistir. Sulama miktarinin artmasi ile birlikte bitkilerde klorofil
iceriginin azalarak yapraklarin renginin sarardigi ve kloroza neden oldugu tahmin edilmektedir.
Nitekim, ¢alismaya paralel olarak Osorio ve ark. (2014) ve Gama ve ark., (2016) cileklerde benzer
sonuclar bulduklarini bildirmislerdir. Caligmada hem %350 diizeyinde kisintili sulamanin hem de asiri
sulamanin Zn ve Mn iceriklerini olumsuz etkiledigi belirlenmistir. Su stresinin siddetinin artmasi, bitki
koklerinin suyu ve besin elementlerini alma potansiyellerini genellikle disiiriir. Nitekim Tanaka ve ark.
(1969) uzun sureli asir1 su stresine maruz kalan bitkilerde Zn iceriklerinde azalma, Cu igeriklerinde ise
bir artis gézlemlemislerdir. Hu ve Schmidhalter (2005) diisiik toprak nemi kosullarinin Mn eksikligine
yol agabilecegini, uygun toprak nemi saglandiginda ise Mn elementinin daha fazla indirgenerek ¢oziiniir
forma doniisebilecegini tespit etmislerdir. IR50 uygulamasimin Cu i¢in olumsuz yénde farki yaratan
sulama seviyesi oldugu tespit edilmistir. IR75 uygulamasi Fe igeriginde en dnemli ikinci grupta yer
alirken, diger mikro besin element igeriklerinde ise en iist grupta yer aldig1 ve tiim yaprak mikro besin
elementleri icerikleri i¢in IR100 ile ayn1 énem seviyesinde yer aldig1 saptanmistir. Benzer olarak, asiri
su stresi ve kurakligin etkilerinin Zn giibrelemesi ile azaltilabilecegini Grewal ve Williams (2000)
bildirmiglerdir. Bagka bir ¢alismada, stoma iletkenligi ve bitki-su iliskilerini Zn elementinin
etkileyebildigi bulunmustur (Khan ve ark., 2004). Zeytinde sulama suyu miktar1 ile besin elementi
icerikleri arasinda gii¢lii bir korelasyon oldugu Zipori ve ark. (2015) tarafindan bildirilmistir.
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Biyo-aktivator uygulamalarimin Zn, Cu ve Fe icerikleri (zerinde istatistiksel olarak énemli
farkliliklar yaratmasi dikkat ¢ekmistir. Battacharyya ve ark., (2015) biyo-aktivatorlerin ¢ok diisiik
iceriklerde kullanildiginda bile besin elementi alimini arttirabilecegini bildirmislerdir. Biyo-aktivator
kullanimi ile bitki koklerinin hacminin artarak, toprak daha fazla besin elementi ve suyun bitki
biinyesine dogru hareket ettigi tahmin edilmektedir. Benzer olarak, Schmidt ve ark., (2003) biyo-
aktivatorlerin iceriginde farkli oranlarda besin elementleri olmasina ragmen, bir bitkinin tiim ihtiyacini
karsilamaya yetmedigini, ancak bitki kok (Vernieri ve ark., 2005) ve yapraklarinin (Mancuso ve ark.,
2006) besin element alimim kolaylastirdigini bildirmislerdir. Ayrica, daha 6nce gergeklestirilen birgok
calismada biyo-aktivatdrlerin mikro besin element alimini tesvik ettigi belirlenmistir. Ornegin, biyo-
aktivator kullaniminin marulda Fe (Crouch ve ark., 1990) ve (iziim yapraklarinda Cu igeriklerini (Turan
ve Kose, 2004) arttirdigi belirlenmistir.

Meyvelerin Fe igerikleri genel olarak 34.6 ppm — 52.8 ppm, arasinda degismistir. Cilek
meyvesinde Fe iceriklerinin denendigi bazi ¢aligmalarda igerik degerlerinin 20.1 ppm — 62.3 ppm
(Hakala ve ark., 2003) ve 46.0 ppm — 158 ppm (Uzunoglu Bulduk ve Erdal, 2012) arasinda degistigi
bildirilmistir. Bagka bir ¢alismada ise meyve Fe igeriklerinin ortalama 41.0 ppm oldugu Capar ve
Cunningham (2000) tarafindan tespit edilmistir. Hasat edilen meyvelerin Cu icerikleri 2.27 ppm — 2.95
ppm arasinda degiskenlik gostermistir. Cilek meyvesinde Cu igeriklerinin, daha 6nceki ¢aligmalarda,
2.8 ppm — 5.2 ppm (Jorhem ve Sundstrém, 1993), 5 ppm — 19 ppm (Uzunoglu ve Erdal, 2012) ve 3.7
ppm — 6.8 ppm (Hakala ve ark., 2003) arasinda degistigi bildirilmistir. Cilek meyve Cu igerigin farkli
sulama seviyeleri altinda 6nemli oranda degismedigi ve ortalamalarinin 3.0 ppm oldugu Perin ve ark.,
(2019) tarafindan tespit edilmistir. Hasat edilen meyvelerin Mn icerikleri 35.1 ppm — 55.5 ppm arasinda
degiskenlik gostermistir. Cilek meyvesinde Mn igeriklerinin denendigi bazi galismalarda icerik
degerlerinin 27.0 ppm — 65.0 ppm (Tahvonen, 1993), 15.0 ppm — 264 ppm (Uzunoglu Bulduk ve Erdal,
2012) ve 11.9 ppm — 71.1 ppm (Hakala ve ark., 2003) arasinda degiskenlik gostermistir. Bagka bir
caligmada ise, ¢ilek meyve Mn igeriginun farkli sulama seviyeleri altinda 6nemli oranda degismedigi ve
genel olarak 20.4 ppm — 27.2 ppm arasinda degistigini bildirmislerdir (Perin ve ark., 2019). Hasat edilen
meyvelerin Zn igerikleri 5.0 ppm — 10.3 ppm arasinda degiskenlik gostermistir. Cilek meyvesinde Zn
iceriklerinin denendigi bazi ¢alismalarda igerik degerlerinin 6.0 ppm — 11.0 ppm (Jorhem ve Sundstrom,
1993), 11.0 ppm — 17.0 ppm (Tahvonen, 1993), 9.0 ppm — 25 ppm (Uzunoglu Bulduk ve Erdal, 2012)
ve 7.7 ppm — 15.0 ppm (Hakala ve ark., 2003) arasinda degiskenlik gostermistir.

Aragtirmada incelenen tiim sulama uygulamalarinin meyve Mn ve Cu igerikleri Gizerinde anlamli
farklar yaratmadigi, Fe ve Zn igerikleri izerinde 6nemli farklar yarattig1 belirlenmistir. Ayrica Fe, Mn
ve Zn sonuglart incelendiginde, en yiiksek degerlerin su stresinin en yogun denendigi IR50
uygulamasindan elde edilmesi dikkat ¢ekmektedir. Ayrica, bu sulama seviyesinden sonra sulama
miktarinda meydana gelen artiglarin meyve Fe ve Zn igeriklerini azalttig1 tespit edilmistir. Koklerde Fe
iceriklerinin su stresi ile birlikte arttigim1 Sardans ve ark., (2008) bildirmislerdir. Ek olarak, %25 su
kisintis1 uygulanan IR75 uygulamasinin Fe hari¢ diger mikro besin element igeriklerinde IR100 ile ayni
onem grubunda yer aldigi saptanmistir. Khan ve ark., (2004) Zn elementinin bitki-su iliskilerini
diizenleyebildigini, Grewal ve Williams (2000) ise hem diisiik hem de yiiksek su stresinin olasi kotii
etkilerinin Zn giibrelemesi ile hafifletilebildigini saptamislardir. Benzer olarak muz meyvelerinde su
stresinin Zn ve Fe igeriklerini arttirdigin1t Mahouachi (2007) bildirmistir. Bitkilerin fizyolojik agidan
mikro besin elementlerine, makrolara gore daha az ihtiya¢ duydugundan dolay1, diisiik ya da yiiksek su
stresinin meyve mikro besin elementi icerikleri {izerindeki etkileri ¢ok az sayida g¢aligmaya konu
olmustur. Ornegin, Sato ve ark. (2006) ve Keutgen ve Pawelzik (2008) su stresinin meyvelerin
gelisimini etkileyebildigini, ancak ayni zamanda bazi besin element konsantrasyonlari ile meyve kalite
ozelliklerinin de artabilecegini tespit etmislerdir. Bagka bir ¢alismada kontrol konularina kiyasla %50
ve %30 daha az sulanan cileklerin meyve Mn ve Cu igeriklerinde 6nemli degisikliklere rastlanmadigi
bildirmistir (Perin ve ark., 2019). Ek olarak farkli sulama ydntemlerinin elmalarin besin elementi
icerikleri tizerine yapilan bir ¢alismada, daha fazla sulanan iki uygulamanin, diger iki uygulamaya
kiyasla Mn, Zn ve Cu iceriklerinde 6nemli farkliliklar olmadig1 belirtilmistir (Senyigit ve ark., 2012).

Biyo-aktivator uygulamalarinin meyve Zn, Cu ve Fe igeriklerinde 6nemli artislara neden oldugu
belirlenmistir. Biyo-aktivator kullaniminin bitki kok hacmini arttirarak topraktan daha fazla mikro besin
elementi alimim tegvik ettigi belirlenmigtir. Biyo-aktivatorlerin ¢ok diisiikk dozlarda bile alindiginda
besin elementi igeriklerini arttirdig1 Battacharyya ve ark. (2015) tarafindan bildirilmistir. Nitekim biyo-
aktivatorin Uzum meyvelerinin Cu konsantrasyonunu arttirdigi Turan ve Koése (2004) tarafindan
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saptanmustir. Ayrica Krouk ve ark. (2010) ve Castaings ve ark. (2011) bircok biyo-aktivatoriin besin
elementi aliminda aktif rol oynayan bazi genlerin aktiflesmesinde rol aldigini tespit etmislerdir.

Sonug olarak; farkli sulama seviye uygulamalarinin yaprakta incelenen tiim mikro besin element
iceriklerinde onemli farkliliklar olugturdugu belirlenirken, meyvelerde sadece Fe ve Zn igeriklerinde
onemli degisikliklere neden oldugu saptanmistir. Asiri sulamanin (IR125) ve % 50 diizeyinde kisintili
sulamanin yaprak Zn ve Mn igeriklerini olumsuz etkiledigi tespit edilmistir. Yaprak Mn ve Cu
iceriginde, su stresine en yogun maruz birakilan IR50’nin en diisiik 6nem seviyesinde (istatistiksel
olarak) yer almasi dikkat ¢ekmistir. Ayrica IRS0 uygulamasinin yaprak Fe, meyve Fe ve Zn iceriklerinde
en yuksek 6nem seviyesinde yer almistir. Ek olarak, %25 su kisintis1 uygulanan IR75 uygulamasinin
hem meyve hem de yaprak analiz sonuglarina goére Fe hari¢ diger mikro besin element iceriklerinde
IR100 ile ayn1 6nem grubunda yer aldigi saptanmistir. Bu nedenle, 6zellikle %25 diizeyinde kisintilt
sulamanin hem meyvede hem de yaprakta mikro besin elementi igeriklerini 6nemli oranda
degistirmedigi dikkat ¢ekerken, su sikintis1 yasanan bolgelerde tam sulamaya alternatif bir yontem
olarak degerlendirilmesi 6nerilmektedir.

Denemede biyo-aktivator uygulamalarmin gilek yapraklarinda Zn iceriklerini %3.2, Cu
iceriklerini %8.6 ve Fe igeriklerini % 4.6 arttirdig1 belirlenirken, meyvelerinde ise Zn’yi %10.4, Cu’yu
%5.6 ve Fe’yi %7.2 arttirdigi saptanmistir. Bu sebeple su eksikligi yasanan bolgelerde biyo-aktivator
uygulamalarinin ¢ilek tireticiliginde 6nemli bir strateji olabilecegi ve uygulamanin etkilerinin daha iyi
belirlenebilmesi i¢in uygulanan doz miktarinin arttirilmasi 6nerilmektedir.

Denemede elde edilen igerik degerlerinin genellikle onceki ¢alismalarla uyum igerisinde
olmasina ragmen, Rubygem ¢esidinin Cu ve Zn’ye hassas oldugu belirlenmistir. Bu sebeple, bu cesit
icin yapilacak olan ¢alismalarda daha yliksek oranlarda Zn ve Cu’lu giibreler uygulanmasi
Onerilmektedir. Ayrica, farkli ¢ilek gesitlerinin, ayn1 ortamda yetismelerine ragmen, besin elementi
iceriklerinin ve toprakta bulunan su miktarina tepkilerinin farklilik gosterdiginin bilinmesinden dolay1
(Erdal ve ark., 2004; Kacar ve Katkat, 2007; Geger ve Yilmaz, 2012) su stresinin ¢ilekler tizerindeki
olumsuz etkilerini en aza indirebilecek alternatif yontemler bulunmasi ve galigmalarin farkl gesitlerle
tekrar edilmesi onerilmektedir.
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Abstract: In response to climate change, poultry — vegetable integrated practice
was introduced for the management of poultry wastes and to reduce pollution. The
cost of chemical fertilizers and the health implications of consuming vegetables
produced using chemical fertilizers has been a source of concern to health and
nutrition stakeholders. In order to mitigate this problem, the use of organic
fertilizers was advocated. This study was conducted to determine the response level
poultry — vegetable integration farming practice among farmers in Delta State,
Nigeria. The data for the study was elicited from 192 randomly selected registered
poultry farmers, with the use of questionnaire and structured interview schedule.
The data were analyzed with the application of descriptive statistics such as
frequency counts, percentages and means derived from 4 — point Likert — type scale
and 5 - point Likert scale. The hypothesis that the socioeconomic attributes of
farmers do not contribute to their practice of poultry-vegetable integrated farming
was tested with the application of regression model. The farmers had a mean age
of 45.1 years and poultry farm size average of 5571 birds with mean household size
of 6 persons and means farming experience of 23.5 years. Most of them subscribed
to membership of farmers’ groups had 2 times contact with extension agents
monthly. Their responses to poultry — vegetable integrated farming was
encouraging as they had adoption index of 0.51. The problems they had ranged
from high cost of inputs, pests and diseases infestation low market price to
inadequate information. It is recommended that Delta Agricultural Procurement
Agency be revived; extension agents should introduce integrated pest management
and organic method of pests and diseases control: Marketing extension was also
recommended.

Nijerya, Delta Eyaletinde Entegre Kiimes Hayvam Yetistiriciligi-Sebze Tarimi

Uygulamasi Savunuculuguna Yanit

Makale Bilgileri
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Kabul: 12.01.2020
Online Yaymlanma 31.03.2020
DOI: 10.29133/yyutbd.595732

Anahtar kelimeler
Benimseme,
Gida giivenligi,

Oz: iklim degisikligine cevaben, kiimes hayvani atiklarinin yénetimi ve kirliligin
azaltilmasi i¢in kiimes hayvanciligi-sebze tarimi entegre uygulamasi
baglatilmigtir. Kimyasal giibrelerin maliyeti ve kimyasal giibre kullanilarak
iiretilen sebzeleri tiiketmenin saglik tizerindeki etkileri, saglik ve beslenme
paydaslar1 i¢in endise kaynagi olusturmustur. Bu sorunu hafifletmek igin organik
gubrelerin  kullanim1  savunulmaktadir. Bu c¢alisma, Nijeryanin Delta
Eyaleti'ndeki ciftciler arasindaki kiimes hayvanciligi-sebze tarimi entegrasyonu
uygulamalarimin yanit diizeyini belirlemek amaciyla yapilmigtir. Calismanin
verileri, rastgele se¢ilen 192 kayith kiimes hayvan yetistiricisinden elde edilen
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Entegre tarim, anket verileri ve yapilandirilmis goriigme programi kullanilarak elde edilmistir.
Entegrasyonu, Verilerin, dortlii ve besli olarak hazirlanan Likert 6l¢ekli sorunlarin ortalamalari
Kanatli ve sebze, ve yiizdesel dagilimlari ile basit tanimlayici istatistikler seklinde analiz edilmistir.
Atik yonetimi.

Caligmada, ciftcilerin sosyoekonomik 6zelliklerinin kiimes hayvanciligi-sebze
tarimi entegre uygulamalarina katkida bulunmadig: hipotezi regresyon modeli ile
test edilmistir. Calismada giftcilerin yas ortalamasi 45.1 yil; ortalama kiimes
hayvani sayis1 5571; ortalama hane halki biiyiikligii 6,0 kisi ve ortalama ¢iftcilik
deneyimi 23.5 yil olarak belirlenmistir. Ciftci 6rgutlerine Uye olan dreticilerin
biiyiik ¢ogunlugu ayda iki kez yaymm servisleri ile iletisim halindedir. Kimes
hayvanciligi - sebze entegre uygulamasina verdikleri cevaplar 0.51 benimsenme
endeksine sahip olduklari igin cesaret verici bulunmustur. Sahip olunan
problemler yiiksek girdi maliyetlerinden, ilag, hastalik, diisiik piyasa fiyatlar1 ve
yetersiz bilgiye kadar genis bir aralikta degisim gostermektedir. Delta Tarimsal
Satin Alma Ajansi'nin yeniden canlandirilmasi i¢in yayim servislerinin zararlt
yonetimi, zararlilarla ve hastaliklarla miicadelede organik yontemlerin
uygulanmasi ile pazarlama ile ilgili konularda bilgi verilmesi dnerilmektedir.

1. Introduction

To ensure food security for a fast mounting global population estimated at 9.1 billion in 2050
and over 10 billion by the end of the twenty first century is a mammoth challenge for the present
agricultural production system (UNPF, 2011). Dwindling average farm size and financial challenges for
superior investment in agriculture as a result of 80 farm families that belong to small and medium farmer
categories intensify the problem. To secure food and nutrition security for considerable population,
productivity improvement may offer a fundamental way out. This entails the implementation of
scientific agronomic practices and technologies that guarantee an increase the productive ability of
established agricultural systems. Agronomic practices such as the liberal use of chemical fertilizers and
pesticides for the period of the twentieth century improved productivity significantly but detrimental
environmental degradation that go with increased costs of operation in agriculture prompted concerns
about economic feasibility and sustainability.

Integrated farming system is considered as a cross-linked farming structure where farmers
employ high-quality organic food and renewable energy. The key rule of such method is to shrink
pollution and boost income by combining diverse types of farming. For instance, we can speak about
fields that are tilled by animals, pies are capable being employed to excavate the earth in preparation for
sowing, and animal manure (like cow waste) can be utilized to fertilize the soil for production of crops
and boost harvest, birds can be utilized in vineyards and gardens to get rid of branches from decayed
fruits and weeds; they as well aid fertilization of the soil. Numerous animals are capable of forming a
source of cheap fertilizers that are capable of being put into reasonable utility on the farm, they eat and
digest lots of food with valuable enzymes that do not lose their nutrients following defecation. Reward
of integrated farming system are that such farming system improves production in order to meet the
demands of Nigerian population, appropriate recycling of waste and associated substances raises the
earnings of farmers; strengthening of crops growth make the most of income in relation to locale, time
and efforts. Soil remains fertile for a long period as a result of the proper use of organic waste while
most of the waste transformed has a worth when utilised within the structure of the integrated system.

Integrated farming system ensures sustenance of income. This implies that within a year it will
be feasible to create profit regularly from diverse agricultural sectors with separate seasons. The major
thing is to opt for the correct spheres for work so that there are no inactive times and pauses without
earnings. The utility of by-products makes the system more steady and the potential of the soil, which
acts as an industrial base, is preserved. One is capable of producing every kind of healthy foods on just
a single farm; the products will be entirely enhanced with a variety of valuable nutrient components that
the human body requires. This system of improving agricultural productivity is totally safe and
environmentally friendly. The quantity of waste becomes minimized. In such a situation, there is small
rotting waste and effluence in contrast to other methods of production. Excessive use of chemical
fertilizers and pest control agents is not needed, in order to have clean water, soil and air. Another effect

31



YYU TAR BiL DERG (YYU J AGR SCI) 30 (1): 30-43
Ofuoku and Ekorhi-Robinson/ Response to Integrated Poultry-Vegetable Farming Practice Advocacy in Delta State, Nigeria

of the use of chemical fertilizers can be found to contribute to the problem that gave rise to climate
change.

Climate change forms one of the most challenging factors in contemporary time (Antti, et al.,
2015). It is has become such a serious problem globally as a result of its causes and effects and the
needed solutions to it (Thiele, 2013). Thus, climate change has various ways it influences every function
of the social system, and that include farming and agriculture, and climate policy makers are under
obligation to set fresh goals for strategies to produce and consume food (Almas et al., 2011; Paarlberg,
2013). In the situation of the food system, a lot of fresh policy ideas and innovative ideas and
technologies have been offered as to how farms, among others might shrink their susceptibility to the
risks resulting from changing climatic conditions. The food systems have the capability of reducing
dangerous emissions and promote sustainable development in diverse ways, such as reducing waste. It
has the capacity to even utilize waste to create up-to-the-minute innovative products (Stuart, 2009). The
development of this type has varied influences on agriculture and production of food (Renwick and
Wreford, 2011). However, the triumph of these climate policy implementations dependent on the
universal social acceptance of the policy goals and climate change mitigation and adaptation measures
(Antti, et al., 2015) one of which is the encouragement of poultry-vegetable integrated farming.

Environment-friendly farming as is the case of poultry-vegetable integrated farming have been
considered by Karaturhan et al. (2018) as a farming practice that minimizes the negative effect of human
activities on the environment while encouraging soil protection. In another study in China, Rehman et
al. (2016) found that organic fertilizer encouraged soil microbial biomas concentrations than inorganic
fertilizer. This implies that organic fertilizer creates and enhances strong soil community structure than
inorganic fertilizer. This has implications for soil fertility level. Parveen and Nazhat (2015) assert that
people prefer natural foods and their agricultural production techniques and as observed by Karaturhan
and Uzmay (2018), this is indicative of the factors that motivate the adoption of organic farming among
female farmers in Turkey.

Growth in population, urbanization and growth in earnings in developing nations are powering
a considerable worldwide boost in the demand for food of animal source, while also fanning the fire of
rivalry involving crops and livestock (ever-increasing cropping areas and plummeting rangelands). Not
only that the current livestock pressure is too high for the capability of obtainable production resource,
but it is also worsening environmental challenges. Thus, while it is a necessity to meet up with the
demand of consumers, improve nutrition and express income growth opportunities to those who require
them most, it is as well essential to lessen environmental strain.

Conventional agriculture is acknowledged as the source soil and pasture degradation for the reason that
it involves thorough tillage, in particular if practiced in areas of insignificant productivity. Technologies
and management schemes that are capable of improving productivity need to be developed. At the same
time, it is necessary to fathom ways of preserving the natural resource base. Within this structure, an
integrated crop-livestock farming system symbolizes a key solution for enhancing livestock production
and conserving or protecting the environment in the course of careful and professional use of resources.

Diversified farming system involves enterprises components such as crops and livestock that
coexist separately from each other (FAO, 2001) In this case, integrating crops and livestock offers to
principally reduce risk as well as to recycle resources. In an integrated system, crops and livestock
interrelate to generate a synergy, with recycling allowing the utmost utility of obtainable natural assets.
Crop waste or left-over is useful for animal feed, while livestock and livestock by-product production
and processing have the capacity of improving agricultural productivity by increasing nutrients that perk
up soil fertility, while reducing the employment of chemical fertilizers. A serious integration of crops
and livestock is more often than not, seen as a step forward, but a matter of necessity for small-scale
farmers to have adequate access to inputs, assets and knowledge to be able to manage this system in a
way that it will be economically and environmentally sustainable over the long of time period.

The vegetables mainly grown in Africa, particularly the tropical region include Amaranthus,
Celosia, Cucumis, Hibiscus, Talinum, Solanum and Corchorus with onion, tomato, okra, pepper,
amaranthus, pumpkins, carrot, melon, and Jute (Ibeawuchi et al., 2015). However, vegetables are by and
large linked with a variety of constraints especially in the production facet. The utilisation of inorganic
fertilizers on farms is known to lead to problems of serious soil destruction, enhances soil acidity level
and nutrient imbalance and final consequence is low output, but the utilisation of organic fertilizer helps
to protect the soil from the afore mentioned adverse effects.
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Vegetable cultivation is dominated by females while poultry farming is male dominated.
Adebayo and Adekunle (2016) also reported that the gender of an individual can influence the type and
quality of work carried out by the individual. Vegetable cultivation is dominated by females while
poultry farming is male dominated. Adebayo and Adekunle (2016) also reported that the gender of an
individual can influence the type and quality of work carried out by the individual. Adebayo and
Adekunle (2016) argue that most farmers in Kwara State, Nigeria administer organic fertilizer to their
vegetables and the resultant effects of the use are observable. However, with this advocacy, the gender
relations are no longer important among this group of farmers. This is so because poultry farmers are
expected to include vegetable farming to their enterprise as vegetable farmers are also to add poultry
farming to their enterprise.

The constraints to the use of organic fertilizer were identified by Adebayo and Adekunle (2016),
Aderinoye-Abdulwahab, and Salami (2017) as offensive odour, its bulky nature, difficulty involved in
its transportation and doubtful efficacy of it among the farmers are the constraints militating against the
utilization of organic fertilizer. Furthermore, inadequate space restricts use of organic fertilizer. Lower
output that result from the application of organic fertilizer is a challenge its usage. This may be an
advantageous and disadvantageous at the same time since while the slowness may reduce present output,
the long enduring effect of organic fertilizer because of its slow release of minerals is capable of
decreasing future cost of production and enhance future output (Alimi et al., 2006). The pollution
emanating from livestock rearing is thus a serious problem because most of them are usually sited around
residential areas (Obi et al., 2016). Air pollution includes odours emanating from cages resulting from
the digestion process of livestock wastes; the putrefaction process of organic matter in manure; animal
urine, and/or from redundant foods (Obi et al., 2016).

The usage of organic fertilizer is determined, however by some socioeconomic variables in spite
of the afore said constraints. These socioeconomic variables include age, formal educational level and
years of farming experience that have been found to have positively and significantly influenced level
of adoption of organic fertilizer (Adebayo and Adekunle, 2016). Despite the importance of agriculture
for economic development, agriculture has yet to perform as an engine of growth in many developing
countries - especially sub-Saharan Africa (Byerlee, de Janvry and Sadoulet, 2009). Agricultural yields
have only shown slight increases in sub-Saharan Africa and Latin America since the 1960s, despite the
development of important agricultural innovations during that time. Yet data on adoption of improved
agricultural technologies paint a picture of low levels of adoption in developing countries, particularly
sub-Saharan Africa. Broadly speaking, technology is the relationship between inputs and outputs. In this
context, therefore, technology adoption is defined as the use of new tools or techniques that relate inputs
to outputs and the allocation of inputs (Foster and Rosenzweig, 2010). The need to adopt improved
integrated poultry-vegetable production technologies in order to make their task of waste management
easier, ensure a sustained and efficient production of vegetables, enhance economic development and
as well boost agricultural production becomes imperative for farmers. Ofuoku et al. (2008); Ofuoku
(2013) suggest that the level of adoption of agricultural technologies is an index of extension
communication effectiveness. Extension service has crucial role to play in poultry waste management
through integration of vegetable production. This is expected to be or have been done through their
connection between researchers and farmers. In the absence of extension services, most research efforts
would be a nullity (Adebolu and Ikotum, 2001). The level of adoption of poultry — vegetable integrated
farming is an index of the effectiveness of extension services. It is against this background therefore,
that this study was focused on the adoption of integrated poultry-vegetable production technology by
farmers in Delta State, Nigeria. The main objective of the study was to find out the determinants the
response to integrated poultry-vegetable production technology by farmers in Delta State, Nigeria.
Specifically, the project seeks to examine the socio-economic characteristics of the respondents;
determine the level of adoption of integrated poultry — vegetable farm practice; ascertain the reasons
why the integrative practice; identify factors militating against the adoption of integrated poultry-
vegetable practice. It was hypothesized that farmers’ socioeconomic attributes do not contribute to the
practice of poultry-vegetable integrated farming.
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2. Material and Methods
2.1. Study area

Delta State, the study areas is situated between longitude 5°,00’ and 6°,45’ east of Green-Wich
Meridian; and latitude 5°00" and 6°30" north of the Equator (Ministry of Land and Survey, 1991). It
shares boundaries with Edo State by the north; Bayelsa States and Atlantic Ocean at the South; Anambra
and Imo States at the east, and with Ondo State in the West (Delta State Ministry of Land and Survey,
1991). It consists of 25 local government areas and has a total land area of 17 698 square kilometers and
a population of 2 570 181 people (NPC, 2006).

Poultry farming is a thriving business in the state as the climatic conditions encourage poultry
farming. Hence the large number of commercial poultry farms in the state. The state is demarcated
South, Central and North Agro-ecological Zones based on its vegetative cover. These zones are named
by the Delta State Agricultural Development Programme (DTADP) thus, Delta State, Central and North
Agricultural Zones respectively.

2.2. Population and sampling method

The population of this study included all the poultry farmers registered with DTADP in the three
agricultural zones. The DTADP (2008) grouped poultry farms according to farm size (population of
birds reared) in to:

Small scale =1 000 — 4 999 birds

Medium scale =5 000 — 7 999 birds

Large scale = 8 000 and above birds

Farmers are accordingly classified as such.

Random sampling procedure was applied while selecting 192 respondents from among the
poultry farmers registered the three DTADP zonal offices on the basis of 10% from each class in each
zone as follows in Table 1. This was done to create room for equitable representation in the study sample.

Table 1. Selection of sample size for the study.

Zone No of Poultry Farmers No Selected (10%)
Delta North Agricultural zone
Small —scale 383 38
Medium scale 256 26
Large scale 141 14
Delta Central Agricultural Zone
Small —scale 535 54
Medium scale 352 35
Large scale 216 22
Delta South Agricultural Zone
Small — scale 15 2
Medium scale 6 1
Large scale 0 0
Total 1904 192

2.3. Data collection
Data for the study were collected with the use of questionnaire and structured interview schedule

from formally educated and farmers who had no formal education respectively. The data were collected
by agricultural science teachers in secondary schools in the farmers’ zones.
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2.4. Data analysis

The data collected were treated with descriptive statistic such as frequency counts, percentages
and means derived from 4 — point Likerts — type scale and 5 — point Likert’s scale adoption mean was
computed by dividing the adoption score with the number of respondents. SPSS was used to run the data
analysis. As adapted from Ofuoku. (2017); Hamidu (2006), the grand adoption mean was calculated by
dividing the total adoption mean by the number of poultry — vegetable integration dividing the grand
adoption mean by the number of stages in adoption process. Deressa et al. (2009) adopted linear
regression in testing the influence of socioeconomic characteristics of farmers on adoption of adaptation
measures to climate change and he chose this model because the dependent variable- adoption is
measured with continuous data. In this study, it is adopted because adoption level of adoption is
measured with continuous data. Hence the hypothesis was tested with the use of linear regression model,
specified as follows:

Y =1 (Xa, Xz, X3, X4, Xs, Xs, X7, Xe, 1) (1)
Where
Y = Level of adoption of poultry — vegetable integration farming

(number of the type of vegetables integrated with poultry farming)

X1 = Age of farmers (years)

X = Sex (male = 1, female = 0)

Xs = Level of formal education (years spent in school)

Xa = Farm sixe (population of birds)

Xs = Household size (number of persons)

X = Farming experience (years)

X7 = Membership of farmers’ group (yes = 1, otherwise = 0)
Xs = Extension contact (number of contact monthly)

u = Error term

3. Results

3.1. Socioeconomic characteristics of poultry farmers

The poultry farmers had an average age of 45.1 years (Table 2). Many (44.27%) of them were
in the age bracket of 41-50 years, while 21.88% were 31-40 years of age. Most (68.23%) were males
and 31.77% were females. This implies that poultry farming in the study area is dominated by men. That
most of them were in the age bracket of 31-50 years means that the poultry of farmers were young and
energetic enough to handle the challenges involved in poultry management.

Most (68.23%) were married while 39.58% were single, divorced or widowed. This is indicative
of the fact that most of them had obligations to cater for the needs of their families. Most of them had
one level of formal education or the other as 64.58% of them had tertiary education, and 14.06% had
secondary education, while 10.94% had primary education. Madukwe (1995), Ofuoku et al., (2008)
found education to be one of the crucial variables in adoption of ideas and technologies among farmers.

With respect to farm size, some (29.17%) had farm sizes of 2000 and below number of birds;
14.58 had farm sizes of between 2001 and 4,000 birds, 8.33%, 4001-5000 birds; 14.06%, 5001-6000
birds; 13.02%, 6001-7000 birds; 10.94%, 7001-8000 birds; while 9.90% had above 8,000 birds. DTADP
(2008) classified farmers with 5000 and below population of birds as small scale poultry farmers, 5001-
8000 birds as medium scale farmers and above 8000 birds as large scale farmers. The mean farm size
was 5571 implying that most of the poultry farmers were operating on small scale. The farmers had a
mean household size of 6 persons. This is an indication that the HHs were large. This is not unconnected
with the high bird rate nurtured by the culture of Africans and Nigerians in particular.

Many (40.63%) had farming experience of 1-10 years; some (22.92%) had poultry farming
experience, with overall mean farming experience of 23.5 years. Most (71.88%) subscribed to poultry
farmers’ group membership. Ofuoku and Urang (2012), Ofuoku (2013) found that farmers join farmers’
groups for the purpose of accessing extension service, cheap inputs and exchange of knowledge and
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ideas. Most (54.17%) of them had extension contact of 2 times monthly. This is just a little of half of
the population of the study. This is attributable to absenteeism in meetings with extension agents.

Table 2. Socioeconomic characteristics of poultry farmers.

Variables Frequency Percentage (%) Mean
Age

20-30 30 15.63
31-40 42 21.88
41-60 85 44.27 45.1yrs
51-60 23 11.98
61 and above 12 6.25
Sex

Male 131 68.23
Female 61 31.77
Marital status 116 60.42
Single 76 39.58
Level of formal education

No formal education 20 10.42
Primary education 21 10.94
Secondary education 27 14.06
Tertiary education 124 64.58
Farm size (Number of birds)

2000 and below 56 29.17
2001 - 4000 28 14.58
4001-5000 16 8.33
5001-6000 27 14.06
6001-7000 25 13.02
7001-8000 21 10.94
Above 8,000 19 9.94
Household (HH) size (Number of persons)

1-3 30 15.63
4-6 116 60.42 6 persons
7-9 35 18.23
Above 9 11 5.73
Farming experience (years)

1-10 78 40.63
11-20 44 22.92
21-30 21 10.94 23.5yrs
31-40 25 13.02
Above 40 24 12.50
Membership of farmers groups

Yes 138 71.88
No 54 28.13
Extension contact monthly (Number of

times)

0 0 0

1 37 19.27
2 104 54.17
3 31 16.15
4 20 10.42
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3.2. Level of adoption of poultry-vegetable integrated farmer

There were high levels of adoption of integration of poultry farming with all the recommended
vegetables (Table 3). This is further confirmed by the grand adoption means of 4.05 and adoption index
of 0.81. The adopting index of 0.81 implies that 81% of the poultry farmers already integrated poultry
farming with the recommended vegetables.

Table 3. Adoption response of farmers on poultry-vegetable integrations.

Integration Awareness Interest Evaluation Trial 4 Adoption  Score Mean
1 2 3 5

Poultry with Telferia 20 (20) 32 (64) 35 (105) 41 (164) 64 (320) 673 351
occidentalis

Poultry with Talinum 15 (15) 17 (34) 23 (69) 29 (116) 108 (540) 774 4.03
trinaugulare

Poultry with 11 (11) 8 (16) 19 (57) 26 (104) 128 (640) 828 431
Amaranthus

Poultry with Tomatoes 5(5) 10 (20) 14 (42) 21 (84) 142 (710) 861 4.48
Poultry with cucumber 9(9) 16 (32) 22 (66) 38 (152) 107 (535) 794 4.14
Poultry  with  water 12 (12) 19 (38) 38 (114) 43 (172) 80 (400) 736 3.83
melon

Cut-off score= 3.0 (= 3.0 high level of adoption;< 3.0 = low adoption level
Grand adoption means = 4.05
Adoption index = 0.81

3.3. Reasons for poultry-vegetable integrated farming

Table 4 indicates that the reasons for poultry-vegetable integrated farming by the farmers
included waste recycling (mean = 3.84), creation of extra income (mean = 3.70), feed for birds (mean=
3.76) and source of food for the farm families (mean=3.94). This means that all the reasons informed
their adoption of integrated poultry-vegetable farming. This is expected to solve the problem of waste
management and earn them extra income.

Table 4: Reasons behind poultry-vegetable integrated farming.

Reasons Strongly Agreed 3 Disagree 2 Strongly Score Mean
agreed (4) disagree (1)

Waste recycling 162 (648) 30 (90) 0(0) 0(0) 738 3.84
Creation of 134 (536) 58 (174) 0(0) 0(0) 710 3.70
extra income

Feed for bird 146 (584) 46 (138) 0(0) 0(0) 722 3.76
Vegetable for

family

consumption 181 (742) 11 (33) 0 (0) 0(0) 757 3.94

Cut-off score = 2.50

3.4. Factors militating against adoption of poultry-vegetable integrated farming practice

The important factors militating against poultry — vegetable integrated farming practice-
included, in order of importance, high cost of pesticides and fungicides (97.40%), Low market price of
vegetables (94.79%), pests and diseases infestation (90.10%) and high cost of improved vegetable seeds
(83.85%) (Table 5). Inadequate information (19.79%), though not common among the farmers, is a
challenge to some of them.
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Table 5. constraints to adoption of poultry-vegetable integrated farming practice.

Constraints Frequency Percentage%
High cost of improved seeds of 161 83.85
vegetables

Pests and diseases infestation 173 90.10

High cost of pesticides and 187 97. 40
fungicides

Inadequate of information 38 19.79

Low market price of vegetables 182 94.79

There were multiple responses.

3.5. Contribution of farmers socioeconomic attributes of poultry farmers to practice of poultry-
vegetable integrated farming practice

Table 6 shows on R? value of 0.683 which indicates that 68.3% of the variations in the practice
of poultry-vegetable integrated farming practice were explained by the independent variables, captured
in the models. Sex, formal education, household size, farming experience, membership of farmers’
group and extension contact had significant relationship with the practice of poultry-vegetable integrated
farming practice.

Sex (X2) had a positive significant relationship with the practice of poultry-vegetable integrated
farming at 1% level of significance. This implies that male poultry farmers are more likely to practice
integration of poultry with vegetable farming.

Table 6. Estimation of the contribution of farmers’ socioeconomic attributes to the practice of poultry-
vegetable integrated farming.

Variables Coefficient Error t-ratio
Constant 2.2336 0.2736 13.1716*
Age (Xy) 0.1780 0.6610 0.1120
Sex (X2) 0.1376 0.1146 7.7142*
Formal education (Xs) 0.2826 0.1825 2.5124**
Farm size (X4) 0.1698 0.4607 0.2731
Household size (Xs) 0.0320 0.0211 2.2008**
Farming experience (Xs) -0.0372 0.0124 -2.9921*
Membership of farmers group (X7) -0.0997 0.0549 -2.0347**
Extension contact (Xs) 0.0645 0.0344 2.2921**

R?=0.681, R? adjusted = 0.661, significant at 1%, ** significant at 5%.

Formal education (Xs3) significantly and positively contributed to the practice of poultry-
vegetable integrated faming (P<0.05). This means that a unit increase in formal education level would
lead to a unit increase in the practice of the integration of poultry and vegetable farming. Household size
(X®) also significantly and positively contributed to the decision to practice poultry-vegetable integrated
farming (P<0.05). A unit increase in household size would likely lead to a unit increase in the practice
of the integrated farming.

Farming experience (Xe) significantly, and negatively related with the practice of the integrated
farming (P<0.001). The negative sign born by the coefficient means that increased farmers’ experience
lowers the decision not to practice the integration of poultry with vegetable farming. Membership of
farmers’ associatios (X7) significantly contributed to the integrated farming practice (P<0.05). However
the coefficient bore a negative sign. This implies that subscription to membership of farmers’ group has
the likelihood to towards not adopting integrated poultry-vegetable farming practice. Extension contact
(frequency of farmer - extension contact) (Xs) had a relationship with the practice of poultry-vegetable
integrated farming among farmers (P<0.05), and the coefficient bore a positive sign. This indicates that
increased contact of farmers with extension agents has the likelihood to raise the tendency to practice
the integrated farming among poultry farmers.
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4. Discussion and Conclusion

That most of the farmers were young implies that they were energetic and were capable of
carrying out the daily tasks involved in poultry business. Many young men now run poultry farming
business as their parents have handed over the farms to them and only play advisory role because of old
age (Ofuoku, 2013). The involvement of young men and women in poultry farming could also be
attributed to the establishment of Youth Empowerment through Agriculture and Youth Agricultural
Entrepreneurship Programme of the state government in the previous and current regimes. In the
programme both male and female youths participated and it was established to empower young
graduates for self employment. The involvement of these young adults in poultry farming indicates that
the programme was a success.

Most of them subscribed to the membership of farmers’ groups as a consequence of the poor
ratio of extension officers to farm families. Extension-farmers contact are currently carried out in
specialized groups because of the poor ratio of extension personnel to farm families in Nigeria. Agbamu
(2005) observed that the ratio of extension agents to farm families started at 1:1000. Farmers groups
form a clearing house for knowledge were farmers exchange ideas and knowledge among themselves
and with extension agent.

The level of adoption of integrated poultry-vegetable farming practice was high among the
poultry farmers. The encouraging adoption level is attributable to the efficacy of the innovation and the
effectiveness of the communication between extension agents and the farmers. Ofuoku (2013) opines
that the level of adoption of innovations is an index of the effectiveness of the communication process
that conveys the innovation messages. The additional income they realize from the sale of vegetables is
also a factor that has encouraged the high adoption level among the poultry farmers.

The reasons given by poultry farmers for adoption of the practice ranged from waste recycling,
creation of extra income, feed for birds to additional source of food for the farm families. There was a
period when poultry waste management was a problem. This was a result of the odour effect on the
environment and not many crop farmers adopted poultry west as fertilizer. However, crop farmer’s
attention was at its use as fertilizer. The problem persisted after a little while as crop farmers brought
the poultry waste only during cropping season, more so when they practice rain fed agriculture. This
led to the idea of advising farmers to integrate vegetable production with their usual poultry farming.
This solved the problem as the poultry farmers produced vegetables regularly using rain fed and
irrigation practice. Ofuoku et al. (2011) found that the use of organic fertilizer is now common among
farmers for soil conservation purpose. The vegetables are always in high yield and are sold for extra
income. They are more advantageous during gestation periods when birds have not started producing
eggs and meat.

The leaves are also fed to the birds as sources of minerals and vitamins to supplement their
feeds. The leaf and the fruit vegetables also serve as source of food for the farm families. Consequently
the money the farming household heads would have spent on the purpose of these vegetables for their
families is saved and used for the procurement of other needs of their families. The money realized from
crop farmers at the era when they sold the poultry droppings is expected not to be as much as what they
realize since when they adopted the innovation and sold vegetables directly to consumers and also save
money in the process as they may not spend money to procure needed vegetables for family use again.

The challenges facing them included high cost of pesticides and fungicides, Low market price
of vegetables, pests and diseases infestation, high cost of improved vegetable seeds. The incidence of
pests and diseases infestations have been indicted as the cause of an estimated annual yield loss of 25%
of crop yields (FAO, 2001). This implies that pests and diseases- are two of the major causes of loss of
vegetables. Narratives given by the farmers indicate that pests and diseases make them to spend extra
money in the course of vegetable production, thereby increasing their cost of production, considering
the high cost of pesticides and fungicides. Fungi diseases are the major diseases they contend with
according to them. These fungi diseases have these pests as their vector insects.

They were of the opinion that the sales prices of vegetables in the market are two low. This is
more so during the cropping season, however, they were of the opinion that it appreciates during the dry
season when they practice irrigation in vegetable production. This means that what (the money) they
could not make during the cropping season (raining season) is made by them during the dry season.
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The high cost of improved vegetable seeds is prompted just like in the case of pesticides and
fungicides, by the fact that most improved vegetable seeds are imported since the output from the
Nigeria Horticultural Research Institute is inadequate.

A few of the farmers were desirous of information on sources of improved seeds and
horticultural practices. These ones, on observation are those who had not subscribed to membership of
farmers’ groups. As a consequence of the poor extension, farmer family ratio, extension interactions are
carried out in specialized farmers’ groups. Their failure to subscribe to membership of these groups has
deprived them of access to information, ideas and extension advice.

Socioeconomic characteristics of the farmers such as sex, formal education, household size,
farming experience, membership of farmers’ groups and extension contact contributed to their level of
adoption of integrated poultry-vegetable farming practice. Male poultry farmers are more likely to
practice integration of poultry with vegetable farming. Ofuoku (2014) found that poultry farming in
Delta State, Nigeria is male dominated. The male poultry farmers being household heads are more likely
to practice the integrated farming in order to earn extra income and food source to cater for their
households which form part of their responsibilities to their families. From observations men who are
household heads always think of how to satisfy their households and raise their standard of living, hence
their more involvement in the adoption of the innovative practice.

The higher the level of poultry farmers’ formal education is, the more the likelihood of
practicing the integration poultry-vegetable farming. This, according to Ofuoku and Albert (2014) is for
the reason that education raises one’s ability and attitude to inquire into the advantages associated with
an innovation or idea. Madukwe (1995) suggests that education is one of the salient variables of adoption
of farm practices. Education modifies human behavior and ways of reasoning. Having read and seen
what the advantages are, formally educated farmers as innovators do not take long to adopt any
innovation. Innovators are always intrinsically motivated to opt for change of practice, especially when
the new practice is superior to the one they previously used. Innovators are not risk averse and they like
experimenting and venturing into the use of new technologies.

Poultry farmers with large household sizes have more likelihood to practice poultry-vegetable
integrated farming. This is attributable to the fact that the practice would contribute to the welfare of the
household members. Footing the bills of a large household is a difficult task. In the presence of an
opportunity of earning more of extra income will always be a welcome development for such farming
household heads. The household head is expected and also expects himself to cater for the needs of his
family, including relations as it is the culture in Africa. With such responsibilities staring at him, he
becomes motivated to adopt integrated poultry-vegetable farming to earn more income that can contain
his expenses towards his household and other relations.

The coefficient of membership of farmers’ groups bore a negative sign. This implies that
subscription to membership of farmers’ group has the likelihood to towards not adopting integrated
poultry-vegetable farming practice. The farmer’s groups farm clearing houses for exchange of
information and ideas among members. As a result of the dearth of extension agents, extension contacts
with farmers are mostly done in groups. Groups also influence the behavior of individual members
(Ogionwo and Eke, 1999). However, this result is at variance with a priori expectation. It is likely that
some groups’ members play dysfunctional roles in the group and always fail to pay attention to what is
communicated to them. Many also do not see anything good coming out of ideas placed before them.
Some also subscribe to membership of groups for other private reason other than farming related. This
set of members finds such innovation irrelevant to them.

Increased contact of farmers with extension agents has the likelihood to raise the tendency to
practice the integrated farming among poultry farmers. Ofuoku (2013), Asiabaka (2006) opine that
frequency of extension contact with farmers increases the likelihood of adopting innovations and/or
ideas. This means that the more contact extension agents have with farmers the lesser is the likelihood
not to be influenced by the extension agents to exhibit a change in behavior. Frequency of contact
between farmers and extension agents builds trust between them and this enhances believe in what in
themselves and whatever transactions they have together. The healthy relationship between extension
agents and farmers contributes to effectiveness of communication and extension teaching-learning
process. This consequently leads to adoption of innovations and ideas communicated and taught to the
farmers.
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Most of the farmers were young men who were also mostly married and had one level of formal
education or the other. Most of them operated on small scale according to Nigerian standard. Majority
of them had large household sizes with many years of farming experience. Most of them subscribed to
membership of farmers’ groups with 2 contacts with extension agents monthly. High levels of adoption
of poultry — vegetable integrated farming was observed. They adopted the practice because of waste
recycling, creation of extra income, feed for birds and vegetables for family consumption. The
challenges they contended with ranged from high cost of improved vegetable seeds, pests and disease
infestation, high costs of pesticides and fungicides, low market price of vegetables to inadequate
information.

Their adoption level of poultry-vegetable integration farming was influenced by their sex, level
of formal education, household size, farming experience, membership of farmers’ groups and frequency
of extension contact. Conclusively, their level of adoption of the practice was very encouraging,
meaning that they responded well to the idea of poultry-vegetable integrated farming practice.

However, stemming from the challenges thay faced, it is recommended that the Delta State
Agricultural Procurement Agency should be revived for the farmers to have access to cheap and
improved vegetable seeds; pesticides and herbicides; extension agents should also introduce integrated
pest management practice, which will reduce the cost of procurement of this input to them; extension
agents need to teach them on the use of organic fungal control; and marketing extension which has been
neglected also needs to be re-established to help farmers have access to markets where they will sell at
prices that will be reasonable to them.
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Oz: Bu galismada farkli kurutma yéntemleri ile kurutulmus kamkat dilimleri oda
sicakliginda 4 ay depolanmis ve depolama siiresinde iiriin kalitesi ve stabilitesi
incelenmistir. Bu amagla, kamkat dilimleri suda haslama 6n islemi ve 6n islemsiz
olarak sicak hava, vakum, ultrason destekli ozmotik 6n kurutma sonrasi sicak
hava ve mikrodalga destekli sicak hava kurutma olmak iizere 4 kurutma yontemi
ile kurutulmustur. Depolama siiresinde kurutulmus kamkat dilimlerinin nem
igerikleri ve su aktivitesi degerleri artig gostermis, en diisiik artis 6n islemsiz sicak
hava kurutma yontemi ile kurutulan 6rneklerde belirlenmistir. Genel olarak,
depolamanin sonunda kurutulmus kamkat dilimlerinin L", b”, kroma, hue agis1
degerleri azalis gostermis, a” ve TRD degerleri ise artis gdstermistir. Depolama
sirecinde, HMF degerleri 0.39-46.79 mg/kg arasinda degisim gdstermistir.
Depolama periyodunda kurutulmus 6rneklerin askorbik asit igeriginin %28.36-
75.61 oraninda kayba ugradigi gozlenmistir. Calisma sonucunda kamkat
dilimlerinin 6n islemsiz olarak kurutulmasinin 4 aylik depolama siiresinde
incelenen kalite ozellikleri agisindan daha uygun oldugu belirlenmistir.
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Abstract: In this study, dried kumquat slices by different drying methods were
stored at room conditions for 4 months and the product quality and stability were
investigated during storage. For this purpose, the kumquat slices were dried by
four drying methods including hot air, vacuum, ultrasound assisted osmotic pre-
drying with hot air, and microwave assisted hot air drying with pretreatment by
water blanching and without pretreatment. The moisture content and water
activity values of dried kumquat slices increased during storage, and the lowest
increase was determined in samples dried by hot air drying method without
pretreatment. In general, L*, b*, chroma, hue angle values decreased, while a* and
TRD values increased in all dried samples at the end of the storage. HMF values
were ranged from 0.39 to 46.79 mg/kg during storage. It was observed that the
ascorbic acid content of dried samples lost 28.36-75.61% during storage period.
As a result of the study, it has been determined that drying of kumquat slices by
without pretreatment is more suitable in terms of the examined quality properties
during storage for 4 months.

“Bu ¢alisma “Farkl1 Yéntemlerle Kurutulmus Kamkatin (Fortunella margarita Swing.) Bazi Kalite Ozellikleri ve
Depolamaya Bagli Degisimi” adli doktora tezinin bir bolimiidiir.
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1. Giris

Meyve ve sebzelerin igerdigi %80-95 oranindaki su bu {irlinlerin kisa siirede bozulmalarina
neden olabilmektedir. Kurutma islemi ile gidalarin bilesiminde bulunan, serbest su igerigi azaltilmakta,
dolayisiyla gidalarin su aktiviteleri diisiiriilmekte ve boylece depolama sirasinda meydana gelebilecek
mikrobiyolojik, kimyasal ve enzimatik bozulmalarin engellenmesi miimkiin olabilmektedir (Cemeroglu
ve ark., 2003; Us, 2006; Rodriguez ve ark., 2017). Kurutma ile gida maddelerinin raf 6mriiniin
uzatilmasi yaninda, paketleme, tasima ve depolama maliyetlerinin diisliriilmesi saglanmaktadir. Meyve
ve sebzelerdeki hasat sonrasi kayiplar kurutma islemi ile %70 oraninda azaltilabilmektedir (Cemeroglu
ve ark., 2003; Doymaz, 2007; Sagilik, 2007; Darvishi ve ark., 2014).

Kurutma islemi sirasinda 1s1 ve kiitle aktarimi sebebiyle son {iriiniin renk, yapi, aroma ve besin
degeri gibi kalite 6zelliklerini etkileyen bir¢ok fiziksel, kimyasal ve biyokimyasal degisiklikler meydana
gelmektedir (Di Scala ve Crapiste, 2008; Vega-Galvez ve ark., 2009). Yiksek ve standart kalitede
kurutulmus iiriin elde etmeye yonelik olarak bir¢ok endiistriyel kurutma metodu gelistirilmistir. Bunlar
arasinda mikrodalga kurutma, vakum kurutma, sicak hava kurutma, ozmotik dehidrasyon ve dondurarak
kurutma en yaygin kullanilan kurutma yontemleridir (Krokida ve Maroulis, 2000; Marques ve ark.,
2006; Sagar ve Kumar, 2010).

Son yillarda saglikli olmalar1 ve kullanim kolayliklar1 nedeniyle kurutulmus atigtirmalik meyve
uriinlerine olan talep giderek artmaktadir (Joshi ve ark., 2011; Jiang ve ark., 2017). Gunimizde
gidalarin gerek islenmesi gerekse depolanmasi asamalarinda sadece mikrobiyolojik ve kimyasal
bozulmalarin engellenmesi degil ayni1 zamanda yararli bilesenlerin yiiksek derecede korunmasi gida
endiistrisinin en 6nemli amaglarindandir (Methakhup ve ark., 2005; Udomkun ve ark., 2016).
Kurutulmus meyveler depolama ve tasima sirasinda 1s1k, oksijen, sicaklik ve nem gibi bir¢ok ¢evresel
etkenlere maruz kalabilmektedir. Bu faktorlerin etkisiyle kurutulmus iiriinlerde esmerlesme ve kimyasal
bozulma reaksiyonlari sonucu renk, tat, aroma ve besin iceriginde kayiplar olabilmektedir (Udomkun
ve ark., 2016). Kurutulmus tiriinlerin depolanmasi sirasindaki kalite degisimleri materyalin fiziksel ve
kimyasal 6zellikleri, kurutma yontemleri, kurutma oncesi uygulanan 6n islemler, ambalaj materyali,
depolama sicakligi, nemi ve siiresi ile ¢evresel faktorlere baglidir (Uddin ve ark., 2002; Yen ve ark.,
2008; Topuz ve ark., 2009; Golikce, 2015; Udomkun ve ark., 2016).

Rutacea familyasinin Fortunella cinsi igerisinde yer alan kamkat, tlkemizde Dogu Karadeniz,
Ege ve Akdeniz Bolgesi’nde yetistirilen bir bitki tiirtidiir. Kamkat meyvesi hasattan sonra hem igerdigi
%80’in iizerindeki su miktar1 hem de yiiksek solunum hizi nedeniyle ¢abuk bozulabilen bir meyvedir
ve sogukta muhafaza 6mrii ancak birka¢ haftadir (Schirra ve ark., 2008). Bu meyve diger turunggil
meyvelerine benzemekle birlikte, taze tiikketim acisindan kabugu ile birlikte tiiketilebilmektedir
(Koyasaka ve Bernhard, 1983). Kamkat meyvesi endiistride recel, marmelat, sarap, likor gibi tirtinlerin
disinda, oOzellikle yetistiriciliginin ~ yaygin  yapildigin Uzak Dogu iilkelerinde kurutularak
degerlendirilmektedir (Chiu ve Chang, 1998; Wang et al., 2012; Lou ve ark., 2015). Literatirde
kamkatin kurutulmasr ile ilgili sinirl sayida arastirmaya rastlannmstir (Lou ve ark., 2015; izli ve ark.,
2018; Ozcan-Sinir ve ark., 2018).

Bu calismada 6n islemli (haglama) ve 6n islemsiz olarak farkli yontemlerle kurutulmus kamkat
dilimlerinin, 4 aylik depolama slresinde su aktivitesi ve renk ozellikleri ile askorbik asit ve 5-
hidroksimetilfurfural icerigindeki degisimlerin incelenmesi amaglanmustir.

2. Materyal ve Yontem

Calismada kullanilan “Nagami” (Fortunella margarita Swingle) kamkat ¢esidine ait meyveler
Antalya Bat1 Akdeniz Tarimsal Arastirma Enstitlisii (BATEM) parsellerinden 2017 Ocak ay1 igerisinde
hasat edilmistir. Kurutma calismalari Oncesi, hasat edilen meyvelerin bazi fiziksel ve kimyasal
Ozellikleri belirlenmistir.
2.1. Kurutma oncesi uygulanan o6n islemler

Kurutma c¢aligmalar1 6ncesinde meyveler musluk suyu ile yikanip kurulanmis ve kalinligi

ayarlanabilen paslanmaz gelik bigakli dilimleyici (OXO Good Grips, New York, ABD) yardimiyla
silindirik olarak 4 mm kalinliginda dilimlenmistir. Kamkat dilimleri 6n islemli (haglama) ve 6n islemsiz
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olarak iki gruba ayrilmistir. On islem olarak kamkat dilimleri 5 dk siire ile 100°C’deki saf su igerisinde
meyve su orani 2:5 olacak sekilde haslama islemine tabi tutulmustur. Daha sonra siiziilerek, filtre kagidi
iizerinde sular1 giderilmistir.

2.2. Kurutma yontemleri ve depolama

Kamkat dilimleri 6n islemli ve 6n islemsiz olarak sicak hava (SH), vakum (V), ultrason destekli
ozmotik 6n kurutma sonrasi sicak hava ile tamamlayici kurutma (US-SH) ve mikrodalga destekli sicak
hava kurutma (M-SH) olmak {izere 4 farkli kurutma yontemiyle yas baza gore % 12+1 nem igerigine
kadar kurutulmustur. Kurutma islemlerinde her uygulama i¢in 400 g kamkat dilimi kullanilmigtir.
Kurutma uygulamalar1 3 tekrarli olarak gergeklestirilmistir. Kurutma ¢aligmalarina ait diyagram Sekil
1’de verilmistir.

Kamkat dilimlerinin sicak hava ile kurutulmasinda Laboratuvar tipi tepsili kurutucu (EKSIS
Endiistriyel Kurutma Sistemleri, Isparta) kullanilmistir. Kurutma denemeleri 60°C hava sicakliginda ve
1.3 m/s sabit hava hizinda gergeklestirilmistir. Vakum kurutma denemeleri vakumlu kurutucuda
(Vacucell VUS-B2V/VU55, MMM Medcenter, Almanya) 60°C sicaklikta ve 15 kPa vakum altinda
gergeklestirilmistir. Ultrason destekli ozmotik kurutma isleminde, on islemli ve 6n islemsiz kamkat
dilimleri 35 kHz frekansta ¢alisan ultrasonik su banyosunda (Bandelin, Model RK-510 H, Almanya)
%055 seker ¢ozeltisi igerisinde meyve ¢ozelti orani 1:5 olacak sekilde 30°C’de 2 saat 6n kurutmaya tabi
tutulmustur. Islem sonrasinda c¢ozeltiden c¢ikarilan dilimlerin  yiizeyindeki ¢ozelti kalintisini
uzaklastirmak amaciyla saf suya daldirilmis ve filtre k&gid1 ile kurulanmistir. Ultrason destekli ozmotik
kurutma sonrasi sicak hava kurutma firininda 60°C hava sicakliginda ve 1.3 m/s sabit hava hizinda
tamamlayici kurutma yapilmigtir. Mikrodalga destekli sicak hava kurutma islemi ¢ok fonksiyonlu
mikrodalga firinda (Siemens HB86K575) 90 Watt (W) guicte (spesifik mikrodalga guicu 4.44 W/g), 60°C
hava sicakliginda ve 1.3 m/s sabit hava hizinda gergeklestirilmistir.

Kurutma ¢aligmalari1 6n islemsiz kamkat dilimlerinde SH, V, US-SH ve M-SH yontemleri icin
sirastyla 200, 810, 300 ve 75 dk, on islemli kamkat dilimlerinde ise sirasiyla 90, 600, 240 ve 65 dk
stirdiiriilmiistiir.

Sicak hava kurutma
(60°C kurutma sicakligi-1.3 m/s hava
hizr)

g Ultrason destekli ozmotik kurutma
1 (55 Bx°-30°C) sonrast sicak hava kurutma

*
9') Y _On islemli / (60°C kurutma sicakligi-1.3 n/s hava
o ) (Haglama) hiz1)
Vakum kurutma
(60°C kurutma sicakligi-15kPa vakum

-On islemsiz
basiner)

Mikrodalga destekli sicak hava kurutma
(90 W ciks giicii-60°Ckurutma sicakliga

Sekil 1. Kamkat dilimlerinin kurutma uygulamalarina ait diyagram.

Kurutulmus kamkat dilimleri ticari kosullarda oldugu gibi 100 g’lik diisiik yogunluklu polietilen
torbalar icerisinde ve oda sicakliginda (22-24°C) 4 ay siireyle depolanmigtir. Depolama siiresince her
ay iriinlerin nem miktar1, su aktivitesi (aw), renk degerleri (L",a",b", kroma, hue agisi, toplam renk
degisimi), HMF (5-hidroksimetilfurfural) ve askorbik asit igerikleri belirlenerek, bu kriterlerin degisimi
incelenmistir.
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2.3. Analizler

Kamkat meyvelerinde meyve agirligi (g) hassas terazi yardimiyla, meyve ¢ap1 (mm) ve boyu
(mm) ise dijital bir kumpas ile belirlenmistir. Meyvelerin pH ve titrasyon asitligi (susuz sitrik asit
cinsinden) degerleri ile suda ¢6ziinebilir kuru madde miktar1 (SCKM) ise Cemeroglu (2007) tarafindan
onerilen yontemlerle saptanmugtir. Orneklerin nem icerikleri AOAC (2000) (Metot 986.21) nem tayin
yontemine gore belirlenmistir. Orneklerin su aktivitesi degerleri su aktivitesi 6l¢iim cihazi (Novasina
Lab-swift, Isvicre) ile 25°C’de belirlenmistir. Kurutulmus kamkat dilimlerinin CIE (Uluslararasi
Aydinlatma Sistemi-Commission Internationale de I’Eclairage) L", ", b” renk degerleri Minolta CR 400
(Osaka, Japonya) renk 6l¢iim cihazi ile ii¢ farkli noktadan D65 151k kaynagi kullanilarak belirlenmistir.
Olgiilen L™, &, b* degerlerinden kroma (renk doygunlugu) 1 No’lu, hue agis1 (renk yogunlugu agisi) 2
No’lu, TRD (toplam renk degisimi) 3 No’lu esitlikler yardimiyla hesaplanmistir (Chen et al., 2005;
Pathare et al., 2013; Darvishi et al., 2014; Akdas and Baslar, 2014; Ghanem Romdhane et al., 2015).

C=va2+h"? )

R b" 180
=tan e @
TRD=\/(AL*)2+(Aa*)2+(Ab*)2 ®3)

Askorbik asit analizi Sdiri ve ark. (2012)’ ye gore yiiksek perfonsmansl sivi kromatografisi
(HPLC) cihazi ile gergeklestirilmistir. Bu amagla 6rnekler %3’liik metafosforik asit (HPOs) ¢ozeltisi ile
ekstrakte edilmistir. Elde edilen ekstraktlar santrifiij sonrasi, 0.45 um gozenek ¢apli membran filtreden
(Cronus, SMI-Labhut Ltd, Gloucester, Birlesik Krallik) gegirilerek HPLC cihazina verilmistir. Analizde
Shimadzu 2030 C 3 d Prominence-i (Japonya) model HPLC cihazi ile ayn1 model PDA (Photo-diode
Array) dedektor kullanilmustir. Analizde mobil faz olarak pH’s1 ortofosforik asit (HsPOa) ¢ozeltisi ile
pH’s12.3’¢ ayarlanmis %2’lik potasyum dihidrojen fosfat (KH,PO4) kullanilmistir. Analiz Inertsil ODS-
3 C-18 kolon (5um, 250x4.6 i.d.) (GL Sciences, Japonya) ile 243 nm dalga boyunda, izokratik olarak
0.5 mL/dk akis hizinda gergeklestirilmistir. Kullanilan enjeksiyon hacmi 10 pL, kolon sicakligi ise
25°C’dir. Sonuclar 1-200 mg/L konsantrasyon araliginda hazirlanan standart askorbik asit egrisi ve bu
egriyi tanimlayan esitlige gore mg/100 g km (kuru madde) olarak hesaplanmuistir.

Orneklerin HMF igerigi HPLC cihazi ile Tontul and Topuz (2017) tarafindan &nerilen yonteme
gore belirlenmistir Bu dogrultuda kurutulmusg 6rnekler saf su ile 10 kat seyreltilmis, 0.45 pm gbézenek
¢apli membran filtreden (Cronus, SMI-Labhut Ltd, Gloucester, Birlesik Krallik) gegirilerek HPLC
cihazina verilmistir. Sonuglar 0.5-20 mg/L konsantrasyon araliginda hazirlanan standart HMF egrisi ve
bu egriyi tanimlayan esitlige gore mg/100 g km olarak hesaplanmistir. Analiz Shimadzu 20 AD serisi
(Shimadzu, Tokyo, Japonya) HPLC cihazinda, SPD-M20A model PDA dedektor ile gergeklestirilmistir.
Mobil faz olarak su:metanol (90:10, v/v) kullanilmistir. HMF analizi Inertsil ODS-3 C-18 (5um,
250x4.6 i.d.) (GL Sciences, Japonya) kolon ile 285 nm dalga boyunda, 1 mL/dk akis hizinda izokratik
olarak gerceklestirilmistir. Analizde kullanilan enjeksiyon hacmi 20 pL, kolon sicakligt ise 25°C’dir.

Calisma 3 tekrarli yiriitiilmistiir. Analiz sonuglarina varyans analizi uygulanmig, onemli
bulunan farkliliklar Duncan ¢oklu karsilastirma testine tabi tutulmustur. Istatistiksel analizlerde SAS
istatistik paket programi (Version 6.12, SAS Institute, Cary, NC, ABD) kullanilmis, sonuglar
ortalamatstandart sapma (ort+std) olarak verilmistir.

3. Bulgular
3.1. Materyal olarak kullanilan kamkat meyvesinin bazi 6zellikleri

Aragtirma kapsaminda kullanilan Nagami ¢esidi kamkatin incelenen bazi fiziksel ve kimyasal
Ozellikleri Cizelge 1’de yer almaktadir.
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Cizelge 1. Aragtirmada kullanilan kamkat meyvelerinin bazi fiziksel ve kimyasal 6zellikleri

Ozellik Deger (ortstd)
Meyve agirlig1 (g) 12.58 £ 1.60
Meyve ¢ap1 (mm) 2.24+0.11
Meyve boyu (mm) 3.52+ 0.26
pH 3.21+£0.20
Titrasyon asitligi (g/100 g) 1.84+£0.32
SCKM (°Bx) 15.11+1.21
Su aktivitesi 0.903 £ 0.03
Toplam kuru madde (%) 15.25 + 3.06
Askorbik asit (mg/100 g km) 298.35+0.76
Meyve kabugunun renk degerleri

L" 61.26 £1.52
a" 28.60+2.21
b* 59.95+2.44
Kroma 66.46+2.49
Hue acis1 64.49+1.85
Meyve piresinin renk degerleri

L 62.14+0.16
a 3.70£0.32
b* 53.99+ 0.58
Kroma 5412+ 0.77
Hue agis1 86.07+ 0.66

3.2. Nem icerigi ve su aktivitesindeki degisimler

Depolama siirecinde 6n islemin, kurutma y6ntemlerinin ve depolama suresinin érneklerin nem
icerigine etkisi Onemli (p<0.05; p<0.001) bulunurken, 6n islem x kurutma yontemi x depolama siiresi
interaksiyonunun etkisi dnemsiz bulunmustur (Cizelge 2). Depolamanin baslangicinda drneklerin nem
icerikleri (%11.65-12.90) arasinda 6nemli bir fark bulunmazken (p>0.05), depolama slresinin sonunda
en yuksek nem igerigi 6n islemli olarak M-SH yontemi ile kurutulan 6rneklerde (%15.12), en diisiik
nem igerigi ise On islemsiz SH 6rneginde belirlenmistir (Cizelge 3). Depolama siresi igerisinde
orneklerin nem igerigi %11.08-25.40 oraninda artis gostermistir. En az artig 6n islemsiz SH yontemi ile
kurutulan 6rneklerde gozlenirken, bu artis onemsiz bulunmustur (p>0.05). Depolamanin sonunda nem
iceriginde en yiiksek artig ise 6n iglemli US-SH yontemi ile kurutulan 6rneklerde belirlenmistir. Genel
olarak 6n islemli kurutulan 6rneklerdeki nem artig orani (%14.01-25.40), 6n islemsiz kurutulanlardan
(%11.08-20.29) daha fazla olmustur.

Kurutulmus kamkat dilimlerinin depolama siiresine bagli olarak aw degisimi Cizelge 3’te
verilmigtir. Tim varyasyon kaynaklarmin depolama siiresince aw degerleri lizerine etkisi onemli
(p<0.001) bulunmustur (Cizelge 2). Depolamanin baslangicinda en yiiksek su aktivitesi degerleri on
islemsiz US-SH, M-SH ve 6n islemli V yontemi ile kurutulan 6rneklerde, en diisiik su aktivitesi ise 6n
islemsiz SH yontemi ile kurutulan 6rneklerde belirlenmistir(p<0.05). Depolama suresi igerisinde ise en
yuksek aw degerleri 6n islemli M-SH yontemi ile kurutulan 6rneklerde belirlenmistir. Depolama sonucu
en yiiksek nem igerigine sahip Ornegin on islemli M-SH yontemi ile kurutulan 6rnek oldugu
goriilmektedir (Cizelge 4). Depolamanin sonunda tiim 6rneklerin aw degerleri %34.38-82.22 oraninda
artis gostermistir. En yiiksek artig orani 6n islemli SH, en diisiik artig orani ise on islemsiz SH yontemi
ile kurutulan 6rneklerde gergeklesmistir. Depolama sonunda nem igerigindeki degisime benzer sekilde,
on islemli kurutulan 6rneklerdeki ay artis orani (%64.85-82.22), 6n islemsiz kurutulan 6rneklerden
(%34.38-61.67) daha yiiksek olmustur.
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Cizelge 2. Depolama surecinde incelenen kalite 6zelliklerine ait varyans analiz tablosu
TRD HMF

SD Nem aw L* a* b* Hue Askorbik
icerigi acist asit

* *okk Fkk *okk *okk *okk Fkk Fkk Fkk Fkk

Varyasyon Kroma
kaynaklari

On islem (O) 1
Kurutma yontemi 3 - e o - - - -

(K)

Depolama siiresi

(D)
OxK

x D 12

Hata 80

*kk

*k

4 HkKk *kk HkKk *kk *kk *kk HkKk FkKk HkKk HkKk

(")=p< 0.001; (*)=p<0.01; (*)= p<0.05; ()= Onemli degil

Cizelge 3. Farkli yontemlerle 6n islemli ve 6n islemsiz kurutulmus kamkat dilimlerinin depolama
stirecinde nem iceriklerinin ve su aktivitesi degerlerinin degisimi.

Kurutma Depolama siresi (Ay)”

Yontemleri 0. 1. 2. 3. 4.
E SH 12.90+1.84%A 13.13+0.55b 13.730.33% 13.90+0.08"A 14.3310.24°A
zS \% 12.29+0.28%° 13.25+0.29%¢ 13.7940.20%8 13.90+0.23%8 14.41+0.17¢A
O = US-SH  12.22+0.90%¢ 13.45+0.58%8 13.87+0.46%BA 14.41+0.39%8A  14.70+0.125A
Nem z M-SH 12.85+0.09° 13.22+0.17°C 14.00+0.24% 14.53+0.16% 14.84+0.225A
%) = SH 12.06+0.48% 12.79+0.87°3BC  13.59+0.48%BA 13.72+0.38°BA  14.59+0.325A
z = \% 12.84+0.24%¢ 12.72+0.25¢ 12.90+0.08"¢ 13.70+0.12°8 14.64+0.06"A
0 5 US-SH  11.65+2.10%¢ 12.39+0.38°8¢ 12.83+0.20°BAC  13.57+0.12°8A  14.61+0.23%A
=z M-SH 12.7440.62%° 13.58+ 0.12:¢ 14.08+0.2038¢ 14.64+0.2738A  15.12+0.173A
E SH 0.253+0.00P 0.279+0.00%¢ 0.296+0.00°8 0.336+0.01%A 0.340+0.00
zs VvV 0.257+0.02°P  0.273+0.00°°¢ 0.286+0.00C 0.33240.01°8 0.372+0.00%A
O A US-SH  0.280+0.00% 0.354+0.00%P 0.36520.00%¢ 0.390+0.03°8 0.417+0.00%
a “  M-SH 0.278+0.00% 0.317+0.009P 0.374+0.00°C 0.419+0.00%8 0.450+0.00°A
v = SH 0.236+0.00% 0.323+0.00¢P 0.340+0.00%¢ 0.352+0.00% 0.430+0.00¢A
z= V 0.276+0.00% 0.315+0.00P 0.336+0.00%¢ 0.395+0.01¢6 0.445+0.00°4
O US-SH  0.258+0.00%E  0.343+0.00°° 0.361+0.00¢¢ 0.393+0.00°8 0.451+0.00°4
L2 M-SH 0.272+0.00°  0.361+0.00%° 0.419+0.002¢ 0.459+0.00%8 0.475+0.00%A

*Aym siitundaki farkli {istel kiigiik harflerle ayn1 satirdaki farkl: {istel biiyiik harfler ortalamalarm p<0.05 seviyesinde farkli
oldugunu gosterir (n=3).

3.3. Renk degerlerindeki degisimler

Kurutulmus kamkat dilimlerinin depolamaya bagli renk degerleri degisimi Cizelge 4’te yer
almaktadir. Varyans analizi sonuglarma (Cizelge 2) gore varyasyon kaynaklarinin kurutulmus kamkat
dilimlerinin depolama stiresi boyunca L degerlerine etkisi p<0.001 diizeyinde 6nemli bulunmustur.
Depolama baglangicinda ve sonunda en yiiksek L* degeri on islemli US-SH y&ntemi ile kurutulan
orneklerde belirlenmistir. Depolama siiresi boyunca L* degerleri bazi uygulamalarda dalgalanmalar
gosterse de genel olarak baslangica gore %6.46 ile %29.88 oraninda azalis gdstermistir (Cizelge 4). En
diisik oranda azalig on islemli US-SH yonteminde, en yiiksek oranda azalis ise 6n islemsiz V
yonteminde gerceklesmistir.

Depolama siiresince varyasyon kaynaklarmin kurutulmus kamkat dilimlerinin a* degerlerine
etkisi 6nemli (p<0.001; p<0.01) bulunmustur (Cizelge 2). Depolama sonunda 6n iglemli ve 6n islemsiz
M-SH yontemi ile kurutulan ornekler harig¢, diger 6rneklerin a* degerleri %5.40-78.33 arasinda artig
gostermistir. a* degerindeki en diisiik artis orani 6n iglemli V, en yiiksek artig orani1 ise 6n islemsiz US-
SH yontemiyle kurutulan 6rneklerde gergeklesmistir. a* degerindeki artis kirmiziligin artisina yani
esmerlesme reaksiyonlarina isaret etmektedir (Krokida ve Maroulis 2000). Depolama sonunda en
yiiksek a* degeri 6n islemsiz SH 6rneginde, en diisiik a* degeri ise on islemli US-SH yonteminde tespit
edilmistir.
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Cizelge 4. Farkli yontemlerle 6n islemli ve 6n islemsiz kurutulmus kamkat dilimlerinin depolama
stirecinde renk degerleri degisimi.

Renk Kurutma Depolama siresi (Ay)*
parametreleri  Ydntemleri 0. 1. 2. 3. 4.
N sH 69.16+0.97°¢  72.91+1.11%A 70.95+0.87%8 65.78+0.62°C  53.39+0.894E
E \Y 70.29+£0.33A  67.17+1.21F 66.80+0.46°5 60.4442.249C  51.39+0.78%
> = US-SH 69.09+1.48A  68.27+1.23%A  67.75£1.42%  66.62+0.95A  61.18+2.48B
L* 0.2 M-SH 66.12+0.56  66.69+1.01A 61.71+0.71°8 61.45+1.19®  54.51+0.62°C
= SH 57.39+0.63°®  58.62+0.23°B 61.39+2.87°A  58.46+1.62%®  52.34+0.18%C
SV 61.66+1.199%"  61.22 +0.44%  57.85+1.67%® 54.77+0.28°C  53.49+2,034%C
> = US-SH 71.35£0.22%4  69.77+1.58"8A  69.87+3.86°BA  7252+1.59%  66.74+0.48%
0. M-SH 60.75+0.159%"  59.02+0.13%® 56.10+0.899C 52.14+0.33F  53.78+1.659P
N SH 7.09+0.07¢8 5.01+0.80C 5.6410.29°C 6.41+0.0798 8.78+0.18A
E \Y 8.94+0.03%8 8.32+0.054¢ 10.23+0.26"A 10.63+0.61°%4  10.26+0.06"A
> = US-SH 4.57+0.47% 6.49+0.91°8 7.09+ 0.99¢BA 5.88+0.55%BC  8.15+1.19%A
& 0.2 M-SH 8.84+0.25¢C 9.78+0.51°8 11.19+0.124  10.13+0.16°®  8.28+0.179D
= SH 11.04+1.92°6  13.19+0.15% 10.18+ 1.298 9.91+0.71°8 13.23 +0.18%
SV 10.17+0.06°A  11.58+0.86°" 10.29+ 0.92A  11.57+0.95°A  10.72+0.28"A
> = US-SH 5.67 +0.2178A  7.17+1.40%A 6.71+1.77BA 4.76+1.23%® 7.54+0.49%A
0¥ M-SH 13.44+0.23**  13.29+0.08%8*  13.36+0.23** 12.85+0.29%  10.4640.27°C
N sH 47.87+0.74%  49.18+1.35"A  48.12+1.47%4 42.14+0.80°®8  30.54+ 0.95%
E \Y 50.26+0.28"A  50.45+0.120%  47.56+0.16%° 41.8242.04¢  29.24+0.31%
> = US-SH 50.27+2.95PA  50.53+0.917A  47.27+1.45%4 40.42+2.43%®  36.45+1.03°C
b* 0.2 M-SH 54.02+0.93%  51.78+0.47% 45.54+0.45%¢ 39.79+0.64%0  29.56+0.49%
— SH 43.34+1.06°®  47.23+0.09°A  39.22+2.36°C 36.15+0.069®  33.54+0.30°F
E \% 47.65+0.33%9A  45,75+0.87°A 41.34+3.63%8 37.10£1.22bC  33.28+2,01°0
- = US-SH 49.47+0.54%A  4509+4.64°%A  41.09+3.04°8C  36.01+2.329C  38.41+0.10%¢
o2 M-SH 46.23+0.329A  41.70+0.28%8 39.05+0.14°C 33.71£1.16°°  30.38+0.80%
N SH 48.38+0.74%A  49.44+1.26"°A  48.45+1.44%4 42,63+ 0.78%  31.77+0.97°C
E \% 51.05+0.28"A  51.13+0.11°A  48.65+0.21% 43,16+ 1.97°C  30.99+0.27%
> = US-SH 50.48+2.93%A  50.95+1.01°A  47.81+1.42% 40.85+2.37°®  37.36+0.87°C
Kroma 0.2 M-SH 54.74+0.89 %  52.70+0.50% 46.89+0.413¢ 41.05+0.63%P  30.70+0.43%
— SH 44.74+1.43%  48.98+0.08°A  40.54+2.28°C 37.49+0.15°®  36.06+0.34°0
E \Y 48.72+0.33%A  47.19+1.05%A 42,62+ 3.32°8 38.87+1.455C  34.96+1.93°C
= US-SH 49.79+0.52%A  45.67+4.67°9BA  41.64+3.27°5C  36.34+2.14°®  39.15+0.1920C
5 o M-SH 48.14+0.26°A  43.76+0.24°B 41.27+0.20°¢ 36.08+1.03C  32.13+0.84%
N sH 81.57+0.08°8 84.16+1.08%  83.30+0.51*A  81.34+0.25®  73.95+0.18
E \% 79.90+0.03 ¢4  80.62+0.079A  77.86 +0.26%® 75.71+1.12°C  70.66+0.309P
> = US-SH 84.78+0.61 %A 82.68+0.89"8A  81.46+1.23"8  81.68+1.05%  77.37+2.00°C
0. M-SH 80.69+0.38%°A  79.29+0.52%®  76.19+ 0.26°C 75.71+ 0.26°C  74.34+0.56°C
Hue agist — SH 75.74+2.15°4 7439+ 015 7542+ 2.04°A  74.67+1.06%A  68.47+0.10°8
§ \Y 77.95+0.03 9 7579 £0.76°A  75.90+2.37¢A 72.69+0.80°®  72.10+1.06%
> = US-SH 83.45+0.27%  80.95+1.65BA  80.80+1.79PBA  82.37+2.42%4  78.89+0.68%°
0% M-SH 73.78+0.35 A 72.32+0.227 71.11+0.26% 69.11+0.97%°  71.00+0.134¢
N sH 9.94+0.83°P 11.96+0.39°CB  10.85+0.38°CP 12,69+ 0.78%  2554+1,14bA
E \% 10.38+0.25¢C  7.73+0.77¢P 10.28 +0.28¢ 14.22+2,129B 27,77+ 0.44%
> = US-SH 8.37+0.38¢C 7.66+ 0.97°C 9.54+ 0.67°C 14.52+2,0098  18.24+1.239A
TRD 0¥ M-SH 6.56+0.26 7.96+0.40P 11.31+0.40°C 1563+ 0.52°®  26.00+0.65"
— SH 13.90+0.54%0  12.17+0.14%P 16.35+ 2.26%¢ 19.29+ 0.19°®  24.59+0.10°A
§ \Y 9.12+0.21% 11.49+0.09°C8  14.93+3.89%F  20.06+0.75°4  23.54+2.48°%
> = US-SH 10.46+0.06°C  12.51+3.90°8C 15,59+ 3.95% 20.90+1.43A  16.69+0.119BA
0.2 M-SH 12.54+0.36°F  15.89+0.30°° 18.79+0.31% 24.39+0.96%8  25.97+1.070A

*Aynu siitundaki farkli iistel kiigiik harflerle ayn1 satirdaki farkh {istel bilyiik harfler ortalamalarin p<0.05 seviyesinde farkl1 oldugunu gésterir
(n=3).

Kurutulmus kamkat dilimlerinin b* degerleri iizerine depolama siiresi igerisinde varyasyon
kaynaklarimin etkisi 6nemli(p<0.001; p<0.05) bulunmustur (Cizelge 2). Depolamanin baglangicinda en
yiksek b" degeri 6n islemsiz M-SH yonteminde belirlenmistir. Depolama siiresi boyunca tiim
uygulamalarda %22.61-45.28 oranlar1 arasinda azalis gostermistir. b” degerindeki en yiiksek azalig orani
on iglemsiz M-SH, en diisiik azalig orami ise 6n islemli SH ydntemiyle kurutulan 6rneklerde
gerceklesmistir. Depolama sonunda en yiiksek b* degeri 6n islemli US-SH yontemi ile kurutulan
orneklerde tespit edilmistir.
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Varyasyon kaynaklarinin 6rneklerin kroma degerleri {izerine etkisi 6nemli olup (Cizelge 2),
kroma degerleri tiim uygulamalarda %19.40-43.91 oranlart arasinda azalis gostermistir. Kroma
degerindeki en yliksek azalig oran1 6n islemsiz M-SH, en diisiik azalig orani ise 6n iglemli SH yontemiyle
kurutulan 6rneklerde gergeklesmistir. Depolama sonunda en yiiksek kroma degeri 6n islemli US-SH
yontemi ile kurutulan 6rnekte belirlenmistir.

On islem x kurutma yontemi x depolama siiresi interaksiyonu disinda diger varyasyon
kaynaklarinin depolama siiresinde 6rneklerin hue acis1 ve TRD degerlerine etkisi onemli bulunmustur
(Cizelge 2). Hue agis1 degerleri tiim kurutma uygulamalarinda % 3.76-11.56 oranlar1 arasinda azalig
gostermistir. (p<0.05). En yiiksek azalis oran1 6n islemsiz V, en diisiik azalig orani ise 6n islemli M-SH
yontemiyle kurutulan orneklerde gerceklesmistir. Depolama siiresinin sonunda en yliksek hue agisi
degeri 6n islemli US-SH yonteminde belirlenmistir.

Depolama sonunda en yiiksek TRD degeri 6n islemsiz V yontemi ile kurutulan 6rneklerde
belirlenirken, TRD degerleri tiim uygulamalarda baslangica gore depolama sonunda 0.59-2.96 kat artig
gostermistir. En diistik artis on islemli US-SH, en yiiksek artis ise 6n islemsiz M-SH yonteminde
gergeklesmigtir.

3.4. HMF icerigindeki degisimler

Farkli kurutma yontemleri ile 6n iglemli ve 6n islemsiz kurutulan kamkat dilimlerinin depolama
siiresine bagl olarak HMF degisimi Cizelge 5’te verilmistir. Varyasyon kaynaklarinin kurutulmus
kamkat dilimlerinin depolama siiresi boyunca HMF miktarlarina etkisi p<0.001 dizeyinde 6nemli
bulunmustur (Cizelge 2). Depolama siiresi igerisinde genel olarak 6n islemsiz 6rneklerin HMF degerleri,
on islemli 6rneklerden yiiksek bulunmustur (p<0.05). On islem olarak kullamlan haslama islemiyle
birlikte HMF’nin olusumunda yer alan indirgen sekerlerin kismen azaldig1 diistiniilmektedir.

Depolamanin baslangicinda HMF degerleri 0.39-12.33 mg/kg arasinda olup, depolama sonunda
2.02-46.79 mg/kg degerlerine yiikselmistir. Depolamanin siirecinde genel olarak en yiiksek HMF igerigi
on islemsiz V ile kurutulan orneklerde, en diisik HMF igerigi ise on islemli US-SH yodntemi ile
kurutulan Grneklerde tespit edilmistir. Depolama siiresi boyunca orneklerin HMF degerleri tiim
orneklerde 2.66-7.17 kat arasinda artig gostermistir (p<0.05), En yiiksek artis 6n islemsiz US-SH, en
diisiik artis ise 6n islemsiz M-SH yonteminde gergeklesmistir.

Cizelge 5. Farkli yontemlerle 6n islemli ve 6n islemsiz kurutulmus kamkat dilimlerinin depolama
stirecinde HMF (mg/kg) degisimi.

Depolama stresi (Ay)”

Kurutma Yontemleri

0. 1. 2. 3. 4.

N SH 7.80+0.10°F 20.48 £0.27°°  23.33+1.25°C  32.64 £1.21%8  34.74+1.35%A

(ﬁ \Y 12.33£1.56%C  24.97+0.64% 25.75£0.328 2598 +1.47°8  46.79+2.11%
> = US-SH 1.52+0.23¢0 3.32+0.73fC 5.26+0.37® 6.06 +0.58% 12.42+0.53%A
o M-SH 9.97+0.69°¢ 12.69+ 1.31°®  15.37+0.60%  25.50+ 1.68°®  36.53+1.78%A

—~ SH 4.57+0.61% 7.45 +0.64°° 11.49+1.23%C  23.82+0.62%  30.85+0.32%"

g \Y 5.67+0.56% 6.39 +0.29¢P 12.51 £0.28%¢  25.74+1.21°®  33.25+3.19%A
> = US-SH 0.39+0.02¢ 0.57 +£0.049P 0.79+ 0.06% 1.48+0.07¢8 2.02+0.05%
0. M-SH 7.59+0.40°E 11.31+0.97%°  17.21+0.69°C  23.17+1.58® 37.27+2.72%A

*Ayni siitundaki farkh istel kiigiik harflerle ayn1 satirdaki farkli iistel biiyiik harfler ortalamalarin p<0.05 seviyesinde farkli
oldugunu gosterir (n=3).

3.5. Askorbik asit icerigindeki degisimler
Farkl1 kurutma yontemleri ile 6n iglemli ve 6n islemsiz kurutulan kamkat dilimlerinin depolama
stiresine bagli olarak askorbik asit degisimi Cizelge 6’da verilmistir. Varyasyon kaynaklarimin

kurutulmus kamkat dilimlerinin depolama siiresi boyunca askorbik asit miktarlarina etkisi p<0.001
diizeyinde 6nemli bulunmustur (Cizelge 2).
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Cizelge 6. Farkli yontemlerle 6n islemli ve 6n islemsiz kurutulmus kamkat dilimlerinin depolama
stirecinde askorbik asit iceriklerinin degisimi (mg/100 g).

Depolama siiresi (Ay)”

Kurutma Yontemleri

0. 1. 2. 3. 4.

N SH 233.29+2.710A 216.56+1.35%8 175.42+2.46C 158.38+0.82°0 141.92+1.45%

E \Y 281.00+1.47%4 233.90+2.26% 234.34+1.88% 229.85+0.81% 175.01+1.07%®
> = US-SH 162.61+0.63% 154.55+0.5098 129.57+0.529¢ 123.16+ 0.419° 116.49+0.62°
o M-SH 195.56+2.78 A 157.33+0.868 138.22+0.82¢¢ 127.11+0.45P 96.78+1.20%

— SH 128.56+0.60 A 117.33+1.17%® 107.63+1.02¢¢ 100.63+0.63°P 67.34+0.29

E \% 123.53+1.04 A 121.65+1.14°A 93.80+2.47™® 87.50+0.35C 74.48+0.66°°
- = US-SH 45.88+0.83 "4 40.14+0.34M8 36.69+0.44"C 17.33+1.08"° 11.19+0.43"¢
0. M-SH 70.4610.22 9A 51.84+0.3198 39.59+1.609C 36.31+0.23%° 24.24+0.919F

*Ayn siitundaki farkls iistel kiigiik harflerle aym satirdaki farkl {istel biiyiik harfler ortalamalarin p<0.05 seviyesinde farkli oldugunu gosterir
(n=3).

Depolama siiresinde On islemsiz orneklerin askorbik asit degerleri 6n islemli orneklerden
yiiksek bulunmustur. On islemli kurutulmus rneklerin baslangi¢ askorbik asit miktarlarmin da diisiik
oldugu goriilmektedir. Depolama siiresi boyunca en yiiksek askorbik asit icerigi 6n islemsiz V, en diisiik
askorbik asit igerigi ise 6n islemli US-SH yontemi ile kurutulan 6rneklerde tespit edilmistir (p<0.05).
Depolama siiresi boyunca kurutulmus orneklerin askorbik asit iceriginde %28.36-75.61 oraninda
kayiplar meydana gelmistir (p<0.05). En yiiksek askorbik asit kaybi 6n islemli US-SH, en diisiik
askorbik asit kayb1 ise 6n iglemsiz US-SH yonteminde tespit edilmistir.

4. Tartisma ve Sonug

Kamkat dilimlerinin 6n islemli olarak kurutulmasi depolama siiresi igerisinde su aktivitesi ve
nem igerigini olumsuz etkilemistir. On islem olarak uygulanan haslama islemi ile birlikte su baglama
yetenegine sahip bazi maddelerin kaybi bu durumu etkilemis olabilir. Suda ¢oziiniir maddelerin yaninda,
nisasta ve proteinler gibi ¢oziinebilir nitelikte olmayan bazi makro molekillerin su baglayabilme
ozellikleri nedeniyle su aktivitesinin diismesinde rol oynadiklar1 bilinmektedir (Cemeroglu ve ark.,
2003; Us, 2007). Bu durumun da 6n islemli kurutulan 6rneklerin daha fazla nem ¢ekmesine dolayisiyla
aw artigina neden oldugu diisiiniilmektedir. Kurutma teknoloji agisindan suyun buhar basincina etkili bir
faktor de kapilar kuvvetin etkisidir. Kurumada gida maddelerindeki su, hiicreler arasinda olugsmus bir
kapilar sistemle yiizeye ulasarak buradan uzaklagmaktadir. Buna bagli olarak kurutma sirasinda meyve
ve sebzelerde hiicreler arasindaki kapilar yap1 degisebilmektedir. (Cemeroglu ve ark., 2003). Bunun
yaninda depolamanin yapildig1 polietilen torbalar belli oranda nem gegirgenligine sahip olabilmektedir
(Topuz ve ark., 2009). Ozmotik dehidrasyon sonrasi sicak hava kurutma ile kurutulan papaya
meyvelerinin farkli ambalaj materyalleri ile depolanmasi sonucu nem ve su aktivitesinde artig
g6zlenmistir (Udomkun ve ark., 2016). Mikroorganizmalar genel olarak aw degeri 0.60’1n altinda
gelisme olanagi bulamazlar. Patojen bakteriler 0.85, maya ve kiifler ise 0.62 su aktivite degerinin altinda
gelisemez. (Rahman, 2007). Diger yandan enzimatik olmayan esmerlesme reaksiyonlarindan Maillard
reaksiyonlarinin hiz1 ay 0.65-0.80 arasinda en st seviyeye ulasmaktadir (Pala ve Saygi, 1983). Her ne
kadar érneklerde 4 aylik depolama periyodundaki ay artisi olsa da bu artislar gerek mikrobiyal faaliyetler
gerekse enzimatik olmayan esmerlesme reaksiyonlarini tetikleyecek seviyeye ulagmamustir.

Depolama ile birlikte L, b™ kroma, hue agis1 degerleri azalis gdstermis, a” ve TRD degerleri ise
artis gostermistir. L* degerindeki azalis ve a” degerindeki artis esmerlesme reaksiyonlarina isaret
etmektedir (Krokida ve Maroulis, 2000; Ghanem ve ark., 2012). b" degerinin azalmas1 sariliktan
uzaklagsma anlamina gelip, bu durumun depolama siirecinde karotenoidlerin oksidasyona bagl olarak
par¢alanmasindan kaynaklanabilecegi disiiniilmektedir (Topuz ve ark., 2009; Darvishi ve ark., 2014;
Ghanem Romdhane ve ark., 2015). Hawlader et al. (2006), hue a¢is1 degerlerindeki diisiisiin,
kahverengilesmenin ve sariliktan uzaklasmanin bir gostergesi oldugunu belirtmistir. Hue agis1 degerinin
0° olmas1 kirmizi, 90° olmasi sar1, 180° olmasi yesil ve 270° olmas1 mavi renk tonlarini ifade etmektedir
(Veberic ve ark., 2010). On islemli olarak US-SH yontemi ile kurutulan kamkat dilimlerinin depolama
stiresinin sonunda taze meyvenin renk degerlerine en yakin degerlerde oldugu tespit edilmistir.
Esmerlesme reaksiyonlarindan Maillard reaksiyonunun olusumunda indirgen sekerler dnemli bir rol
oynamaktadir (Michalska ve ark., 2018). Haslama ve ultrason destekli ozmotik dehidrasyon sirasinda

52



YYU TAR BiL DERG (YYU J AGR SCI) 30 (1): 44-56 )
Yildiz Turgut ve Topuz / Depolama Siiresinin Farkli Kurutma Yéntemleri ile Kurutulmus Kamkat Dilimlerinin Bazi Kalite Ozelliklerine Etkisi

indirgen seker gibi suda ¢6ziinebilir bilesenler kayba ugrayabilmektedir. (Gonzalez-Fesler ve ark., 2008;
Gongcalves ve ark., 2010; Chavan ve Amarowicz 2012; Wang ve ark., 2017). Calismamizda 6n islemli
US-SH yo6nteminde uygulanan haslama ve ultrason destekli ozmotik dehidrasyon islemindeki indirgen
seker kaybinin kurutma ve depolama sirasinda renk kayiplarini kismen engelledigi diisiiniilmektedir.
HMF 1s1l islem gormiis ¢esitli gida maddelerinin gerek iiretimi gerekse depolanmasi sirasinda ortaya
cikan ve bu tirtinlerin kalitesinin belirlenmesinde kullanilan 6nemli bir gostergedir (Michalska ve ark.,
2018). Isil islem gormiis gida maddelerinin su aktivitesi, nem igerigi, depolama siiresi ve sicakligt HMF
olusumunu etkilemektedir (Toker ve ark., 2013; Touati ve ark., 2014; Udomkun ve ark., 2016). Turk
Gida Kodeksi’nde (TGK) kurutulmus meyvelerle ilgili HMF limiti bulunmamaktadir. Ancak TGK bal
tebligi (Teblig No:2012/58) HMF limiti 40 mg/kg iken, TGK iiziim pekmezi tebliginde (Teblig
No0:2017/8) ise bu miktar 75 mg/kg ile smirlandirilmistir. Kurutulmus kamkat dilimlerinin HMF
icerikleri depolama siiresinde artig gdstermis, ancak s6z konusu degerler mevzuat limitlerini agmamastir.
Farkli ambalajlama materyali ve depolama siiresinin kurutulmus papayanin fonksiyonel 6zelliklerine
etkisinin arastirildig1 ¢aligmada, 9 aylik depolama siiresinde HMF igeriginde artis gergeklestigi tespit
edilmistir. (Udomkun ve ark., 2016).

Askorbik asit meyve ve sebzelerin depolama ve isleme siireglerinde besin kayiplarinin
degerlendirilmesinde kullanilan 6nemli bir indikatordiir. Gidalarda askorbik asit stabilitesi sicaklik, pH,
oksijen, 151k, metal iyonlar1, su aktivitesi gibi faktorlere gore degisiklik gostermektedir (Santos ve Silva,
2008; Wang ve ark., 2018). Depolama siiresi 6zellikle 6n islemli kurutulmus 6rneklerin askorbik asit
igerigini olumsuz etkilemistir. Depolama siirecinde en yuksek askorbik asit igerigine sahip drneklerin V
yonteminde tespit edilmis olmasinin sebebi bu yontemde kurutma esnasinda ortamda bulunan diisiik
seviyedeki oksijen seviyesidir (Sablani, 2006). En fazla oranda askorbik asit kaybinin belirlendigi 6n
islemli US-SH yodnteminde, 0n igslem olarak kullanilan haglama iglemi, hiicre yapisinin bozulmasina,
dolayistyla askorbik asitin hizli oksidasyonuna sebep olarak depolama siirecinde daha fazla kayba neden
olmus olabilir. Ayrica, askorbik asit suda ¢6ziinebilir bir bilesen oldugu i¢in haslama ve ozmotik
dehidrasyon sirasindaki kiitle transferi sirasinda kayba ugrayabilmektedir (Santos ve Silva, 2008).
Udomkun ve ark. (2016) depolama sirasinda askorbik asit pargalanmasinin su aktivitesi ve nem igerigi
ile iligkili olabilecegini bildirmistir. S6z konusu 6rnek ayni zamanda depolama sirasinda en fazla nem
artisinin  gergeklestigi drnektir. Depolama sirasinda kurutma ve depolama kosullarina bagli olarak
kurutulmus iriinlerde askorbik asit i¢eriginde kayiplar meydana gelebilmektedir (Uddin ve ark., 2002;
Del Caro ve ark., 2004; Udomkun ve ark., 2016).

Bu ¢aligmada suda haslama iglemi uygulanmis ve 6n islemsiz olarak farkli kurutma yontemleri
ile kurutulmus kamkat dilimlerinin depolama siiresinde bazi kalite degisimleri incelenmistir. 4 aylik
depolama siiresinde incelenen kriterler {izerine 6n islemin, kurutma yontemlerinin ve depolama
stiresinin etkisi dnemli bulunmustur. Calisma sonucunda, kamkat dilimlerinin tiim kurutma yontemleri
igin On islemsiz kurutularak depolanmasinin incelenen kalite kriterleri agisindan daha iyi sonuglar
verdigi belirlenmistir. Depolama stabilitesi acisindan farkli depolama kosullar1 ile ambalaj
materyallerinin kurutulmus kamkat dilimlerinin kalitesi {izerine etkilerinin arastirilacagi daha fazla
calismaya ihtiya¢ duyulmaktadir.

Tesekkiir

) Bu ¢alisma Farkli Yontemlerle Kurutulmus Kamkatin (Fortunella margarita Swing.) Baz1 Kalite
Ozellikleri ve Depolamaya Bagli Degisimi” adli doktora tezinin bir kismidir. Caligmayi Doktora Burs
Programi kapsaminda destekleyen TUBITAK-BIDEB’e tesekkiirlerimizi sunariz.
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Oz: Bu calisma Haziran 2013 — Haziran 2014 tarihleri arasinda Gokgeada sig
sularinda (0 - 20 m) gergeklestirilmistir. Gokgeada ¢evresinde plankton kepgesi ve
1gr1p ile yapilan aveilik operasyonlart sonucunda toplam boylart 2.01 mm ile 10
mm TL arasinda olan toplam 190 adet larva ile toplam boylar1 11 — 140 mm TL
arasinda olan 923 adet juvenil isparoz yakalanmigtir. Elde edilen bireylerin boy-
agirhik iligkileri W = 8E-06 TL3192° (R2 = 0.975) olarak hesaplanmistir. Yapilan yas
tayinleri sonucunda larvalarin 2 ile 19 giin, juvenillerin ise 18 ile 296 giin arasinda
olduklar tespit edilmistir. Larvalarin ortalama giinliik biiylime oranlarinin tespit
edilmesi igin yapilan boy-yas regresyon analizi sonucunda giinliik biiyime oranlari
0.398 mm giin, juvenillerin ise 0.371 mm giin olarak hesaplanmistir. Gokceada
cevresinde yakalanan isparoz larvalarinin otolitlerinden yapilan giinliik yas
tayinleri sonucunda yumurtadan ¢ikma zamanlar1 Nisan-Eylil dénemi boyunca
devam ettigi ve Haziran ayinda maksimum seviyeye ulastig1, juvenillerin ise Subat-
Eyliil donemi boyunca devam ettigi ve Mayis ayinda maksimum seviyeye ulastigi
tespit edilmistir. Isparoz larvalarinin giinliik 6liim oranlar1 (DM) 0.231027 ve
giinliik 6liim oran1 yiizdeleri (%DM) %23.1 olarak, juvenillerin ise DM 0.02984 ve
%DM ise %2.98 olarak hesaplanmugtir. Giinlik yasama oranlari ise larvalarda
0.769 ve juvenillerde 0.9701 olarak bulunmustur.
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Abstract: This study was carried out between June 2013 - June 2014 from
Gokgeada shallow waters (0 - 20 m). A total of 190 larvae with a total length of
2.01 mm to 10 mm and 923 juvenile annular seabream with a total length of 11-
140 mm were caught by using a plankton net and beach seine. The length-weight
relationships of the obtained individuals were calculated as W = 8E-06TL3102°
(R? = 0.975). Estimated daily ages ranged from 2 and 19 days for larvae and 18
and 296 days for juveniles. The daily growth rates of larval and juvenile annular
seabreams were estimated as 0.398 mm/day and 0.371 mm/day, respectively.
Hatching time of the larval annular seabream was estimated to occur during April
- September period and reached maximum level in June while the juveniles
continued during February - September period and reached maximum level in
May. The larval and juvenile annular seabream instantaneous mortality
coefficient was calculated as 0.231027 and 0.02984, which represented around
23.1% and 2.98% of daily mortality. Daily survival rates were found as 0.769 for
larvae and 0.9701 for juveniles.
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1. Giris

Isparoz, Diplodus annularis (Linnaeus, 1758) ekonomik agidan 6nemli bir demersal tur olup,
kumluk ve deniz ¢ayir1 habitatlari tercih etmektedir (Pajuelo ve Lorenzo, 2002). 0 ile 50 m arasindaki
derinliklerde Atlantik Okyanusunun Avrupa kiyilarinda, Madeira ve Kanarya Adalarinda, tiim
Akdeniz’de, Karadeniz’de ve Azak Denizi’nde yayilim gostermektedir (Bauchot ve Hureau, 1990;
Harmelin-Vivien ve ark., 1995; Labropoulou ve ark., 2008). Kuzey Ege Denizi’nde ise 16 ile 38 m
derinliklerde bulundugu bildirilmistir.

Isparoz baliginin yumurtlama sezonu kuzey Adriyatik’te Mayis - Agustos, Karadeniz’de
Temmuz - Eyliil, tim Akdeniz’de ise Nisan ve Agustos aylar1 arasinda olup, en yiiksek seviyeye Mayis
ayinda ulasmaktadir (Bauchot ve Hureau, 1986; Kinacigil ve Akyol, 2001; Mati¢-Skoko ve ark., 2007;
Mouine ve ark., 2012). Yumurtlama doneminde optimum sicaklik 17.4 °C ile 20.8 °C arasindadir
(Mouine ve ark., 2012). Cinsiyet ayrimi normal olmasina ragmen bazen hermofrodit sekilde de olabilir
(Bauchot ve Hureau, 1986). Beslenme agisindan karnivor 6zellik gostermektedirler. En énemli besin
kaynaklar1 kurtlar, kabuklular, yumusakgalar, derisi dikenlilerdir (Bauchot ve Hureau, 1986).

Isparoz baligmin biyolojik 6zellikleri iizerine (dagilim, biiyiime, yas, 6liim orani, morfolojik
karakteristikleri, tireme ve beslenme) birgok g¢alisma gergeklestirilmistir (Cengiz ve ark., 2019;
Garciarubies ve Macpherson, 1995; Kraljevic ve Jug-Dujakovic, 1988; Mati¢-Skoko ve ark., 2007;
Wassef, 1985). Ancak erken yasam evreleri lizerine yapilan ¢alismalar oldukga siirlidir (Ayyildiz ve
ark., 2014; Gordoa ve Moli, 1997; Pajuelo ve Lorenzo, 2002). Bu bakimdan, yapilan bu ¢aligmanin ana
amaci Gokgeada gevresinde bulunan geng (0 yas) isparoz baliklarimin gunliik yas, blyime oranlari,
tireme donemleri ve 6liim oranlarinin belirlenmesidir.

2. Materyal ve Yontem

Canakkale Onsekiz Mart Universitesi Hayvan deneyleri etik kurulunun 27.02.2012 tarih ve
B.30.2.CAU.0.05.06-0.50.04/03 say1li kararryla hayvan deneyleri etigi agisindan uygun bulunmustur.

Bu ¢aligma, Gokgeada kiyilarinda 0-2 m derinligindeki s1g sularda Haziran 2013 - Haziran 2014
tarihleri arasinda gerceklestirilmistir (Sekil 1). Orneklemeler, geng baliklarin yakalanmasinda yaygin
olarak kullanilan bir 6rnekleme aract olan 18rip kullanilarak yapilmistir. Kullanilan 1grip 32 m
uzunlugunda, 2 m yiiksekliginde ve 5 mm ag goz acikligina sahiptir.
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Sekil 1. Gokgeada ¢evresi drnekleme istasyonlari.
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2.1. Boy — agirhk iliskisi

Geng isparoz bireylerinin toplam boylari (TL) mm olarak 6l¢iim tahtalar1 kullanilarak 6l¢tilmiis
ve aguliklarn £ 0,01 gram duyarli elektronik terazide tartilmistir. Boy-agirlik iligkilerinin
hesaplanmasinda (Ricker, 1975);

W =axTLP 1)

denklemi kullanilmistir. Denklemde W, balik agirligi (g), a ve b iliski sabitleri, TL, toplam boyu (mm)
ifade etmektedir. Elde edilen b degerlerinin teorik deger olan “3” ile arasinda anlamli bir fark olup
olmadiginin ortaya konmasi i¢in Student’s t-test analizi uygulanmistir (Zar, 1984).

2.2. Gunluk yas tayinleri

Geng (0 yas) isparoz bireylerinin giinliik yaslarinin belirlenmesi i¢in toplam 442 adet sagital
otolit ¢ikartilmis, temizlenmis ve etiketli ependorf tliplerine yerlestirilmistir. Daha sonra otolitler
termoplastik yapistirici ile lam iizerine yapistirilmistir. Mikroskop lamlarina yapistirilmis olan kesitler
zimparalama ve parlatma islemleri i¢in hazirlanmistir. Zimparalama asamasinda otolitin merkezi
(niikleus) belirene kadar sirasiyla 12, 9 ve 3 p’luk, parlatma asamasinda ise 0,3 p’luk kuru ve 1slak
metalurjik zimpara kagitlar1 kullanilmistir. Zimparalama ve parlatma islemleri tamamlandiktan sonra
Olympus BX51 151k mikroskopu ile 10X, 20X, 40X ve 100X biiyiitme kullanilarak giinliik yas tayinleri
gergeklestirilmigtir. Otolitlerde giinliik yas tayinleri, otolitin merkezi ile u¢ kismi arasinda dizilen opak
ve hiyalin halkalarin sayilmasi ile yapilmstir.

2.3. Buyume oranlari

Balik boyu ve giinliik yas arasindaki iliskide dogrusal regresyon yontemi uygulanarak ortalama
giinliik biiylime oranlar1 tespit edilmistir.

2.4. Ureme donemi (yumurtadan ¢cikma zamani)

Elde edilen giinliikk yas tayini sonuclari baliklarin 6rnekleme tarihlerinden g¢ikartilarak
yumurtadan ¢ikma periyotlar1 belirlenmistir. Yumurtadan ¢ikma periyotlar1 ay olarak gruplandirilarak
iiremenin en yogun oldugu aylar tespit edilmistir.

2.5. Glunluk 6litm oranlar

Anlik 6liim katsayisi (Z) hesaplamasinda giinliik yas tayini yapilabilen bireyler kullanilmistir.
Larvalarda en kiiglik bireyden baglayarak 3 giinliik, gen¢ bireylerde ise 20 giinliik yas gruplarn
olusturulmus ve her bir yas grubundaki birey sayilar1 belirlenmistir. Her bir yas grubundaki veri setinin
dogal logaritmalari (In) alinarak ortalama yas ile dogrusal regresyon analizi uygulanmistir. Dogrusal
regresyon analizinde, regresyon egrisinin egimi anlik 6liim katsayisini (Z) temsil etmektedir (Ricker,
1975). Giinliik 6liim oranlar1 (DM) yiizdeleri (%) ise;

DM = (1 — exp (—=Z) = 100 (2

formiluyle hesaplanmistir. Yasama orami (S), belirli bir periyot sonunda canli kalan balik sayisinin
periyot basindaki balik sayisina orani olarak tanimlanmaktadir. Buna gore yasama orani asagidaki
formiille hesaplanmustir;

N1 -z _
N_O_e =S (3)
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Z= Anlik 6liim katsayisi, S= Yasama orani, No= Ele alinan yas grubuna ait balik say1s1, N1= bir
sonraki yas gurubuna ait balik sayisini ifade etmektedir.

3. Bulgular

Haziran 2013 - Haziran 2014 tarihleri arasinda toplam 923 adet isparoz bireyinin boy degerleri
dlgiilmiistiir. Orneklenen bireylere ait boy-frekans grafigi Sekil 2’ de verilmistir. Orneklenen bireylerin
en fazla 20 ile 30 mm TL arasinda olduklar1 belirlenmistir.
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Sekil 2. Gokgeada s1g sularinda (0 - 20 m) yakalanan isparoz bireylerinin boy-frekans grafigi.
3.1. Boy-agirhk iliskisi

Gokeeada s1g sularinda (0 - 20 m) yakalanan ve toplam boylari 1.1 ile 14 ¢cm arasinda olan 923
adet isparoz bireyinin boy-agirlik iliskisi W = 8E-06TL*1%%° (R? = 0.975) olarak hesaplanmistir (Sekil
3). Isparoz bireylerinin pozitif allometrik biiyiime gosterdigi ve “b” degerinin 3’ten 6nemli derecede
farkli oldugu tespit edilmistir (t-test, P < 0.05).
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Sekil 3. Isparoz, Diplodus annularis boy-agirlik iliskisi.
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3.2. Gunluk yas tayini

Orneklemeler siiresince elde edilen toplam boylar1 2.01 mm ile 10 mm TL arasinda olan toplam
190 adet larvanin 134 adetinden giinliik yas tayinleri gerceklestirilmistir. Yapilan yas tayinleri
sonucunda en kiigiik bireyin 2 giin en yagli bireyin ise 19 giinliik oldugu tespit edilmistir. Sagittal otolitin
merkezden (niikleus) u¢ kisma kadar halkalarin goriintimii Sekil 4’de gosterilmistir. Gokgeada
cevresinde yakalanan isparoz larvalarmin en yogun 5 ile 11 giin yaslarinda olduklar belirlenmistir (Sekil
5).

Sekil 4. Isparoz, Diplodus annularis larvas sagittal otoliti (6 gin).
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Sekil 5. Isparoz larvalarinin yas dagilimi.

Geng (0 yas) isparoz bireylerinin giinliik yaslarimin belirlenmesi i¢in toplam 667 adetinin sagital
otolitleri alt 6rnek olarak alinmig, bunlardan 225 adeti kirilma, fazla zimparalama veya okumalar
arasindaki tutarsizlik sebebiyle degerlendirme disinda tutulmustur. Geriye kalan ve toplam boylar1 11
mm ile 105 mm arasinda olan 442 adet geng isparoz bireyinin sagital otolitlerinden giinliik yas tayinleri
yapilmis ve en kiiclik bireyin 18 giin, en biiyiik bireyin ise 296 giinliik oldugu tespit edilmistir. Yas
tayinleri giinliik halkalarin belirgin olarak goriildiigli farkli diizlemlerden yapilmis olup sagittal otolitin
merkezden (niikleus) u¢ kisma kadar halkalarm goriiniimii Sekil 6’da gosterilmistir. Gokceada sig
sularinda (0 - 20 m) yakalanan geng (0 yas) isparoz bireylerinin en yogun 40 ile 100 giin yaslarinda
olduklar belirlenmistir (Sekil 7).
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50 micron

Sekil 6. Isparoz sagittal otolit: A- Giinliik yas halkalarmin sayiminin yapildig: diizlem, B- Niikleus.
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Sekil 7. Geng (0 yas) isparoz bireylerinin giinliik yas dagilimi.

Cizelge 1. Gokgeada s1g sularinda (0 - 20 m) yakalanan geng isparoz, Diplodus annularis bireylerinin
boy-yas anahtari.

Yas Gruplar: (Giin)
Boy Gruplar1 (mm) 18-43 44-69 70-95 96-121 122-147 148-173 174-199 200-225 226-251 252-277 278-298 N
11-17 51 4 55
18-24 57 61 118
25-31 60 45 1 106
32-38 3 47 2 52
39-45 1 22 13 36
46 - 52 1 12 3 16
53-59 5 15 20
60 - 66 7 4 11
67-73 5 5
74 -80 1 1 2
81-87 5 5
88 -94 6 3 9
95 -101 4 1 5
102 - 108 1 1 2
N 108 129 115 33 25 9 1 6 6 8 2 442
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3.3. Gunluk blytme oranlar

Larvalarin ortalama giinliik bilyiime oranlarinin tespit edilmesi i¢in yapilan boy-yas regresyon
analizi sonucunda giinliik biiyiime oranlar1 0.398 mm giin olarak hesaplanmistir. Boy - yas iliskisi
dogrusal denklemi asagidaki gibi hesaplanmuistir;

TL = 1.1739 + 0.398 yas (giin), N = 134 R? = 0.959 (Sekil 8). @)
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Sekil 8. Gokgeada ¢evresinde yakalanan isparoz larvalarinin toplam boy - yas iliskisi.

Geng bireylerin (0 yas) ortalama giinliik biiylime oranlarinin tespit edilmesi i¢in yapilan boy-
yas regresyon analizi sonucunda giinliik biiylime oranlar1 0.371 mm giin olarak hesaplanmistir. Boy -
yas iliskisi dogrusal denklemi asagidaki gibi hesaplanmistir;

TL = 4.265 + 0.3717 yas (giin), N = 442 R? = 0.96 (Sekil 9). (5)
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Sekil 9. Gokgeada s1g sularinda bulunan geng isparoz bireylerinin toplam boy - yas iliskisi.
3.4. Ureme d6énemi (yumurtadan ¢ikma zamani)
GoOkceada cevresinde yakalanan isparoz larvalarinin otolitlerinden yapilan giinliik yas tayinleri

sonucunda yumurtadan ¢ikma zamanlarn Nisan-Eyliil ddnemi boyunca devam ettigi ve Haziran aymda
maksimum seviyeye ulastigi tespit edilmistir (Sekil 10).
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Sekil 10. Gok¢eada gevresinde yakalanan isparoz larvalarinin yumurtadan ¢ikma zamanlari.

Gokegeada si1g sularinda geng isparoz bireylerinin otolitlerinden yapilan giinliik yas tayinleri
sonucunda yumurtadan ¢ikma zamam Subat-Eyliil donemi boyunca devam ettigi ve Mayis aymda
maksimum seviyeye ulastig tespit edilmistir (Sekil 11).
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Sekil 11. Gokgeada s1g sularinda bulunan geng isparoz bireylerinin yumurtadan ¢ikma zamanlart.
3.5. Gunluk oliim oranlar

Gokeeada cevresinde yakalanan toplam 190 adet isparoz larvasinin giinliik 6liim oranlar1 (DM)
0.231027 ve giinliik 6ltiim orani yiizdeleri %23.1 olarak hesaplanmistir (Sekil 12). Giinliikk yasama
oranlar1 ise 0.769 bulunmustur.
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Sekil 12. isparoz larvalarinin yas-Ln (Adet) iligkisi.

Gokegeada s1g sularinda yakalanan ve yas tayini yapilabilen toplam 442 adet geng isparoz
baligimin giinliik 6lim oranm1 (DM) 0.02984 ve giinliik 6liim oranmi ylizdeleri ise %2.98 olarak
hesaplanmistir (Sekil 13). Giinliik yasama oranlar1 ise 0.9701 bulunmustur.
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w

y =-0.0303x + 6.6503
2 R?*=0.9391

0 50 100 150 200
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Sekil 13. Geng isparoz bireylerinin yas-Ln(Adet) iligkisi.
4. Tartisma ve Sonug

Gokeeada s1g sularinda (0 - 2 m arasindaki derinliklerde) Nisan aymda yakalanmaya baslayan
juvenil isparoz bireyleri Mayis ayindan sonra yakalanamamistir. Geng bireyler 5 - 10 metre arasindaki
derinliklerde Mayis ayinda yakalanmaya baglamis ve Eyliil ayina kadar birey elde edilmistir. Fransa
kiyilarinda yapilan bir ¢aligmada isparoz tiirliniin geng bireylerinin 5 - 8 m arasindaki derinliklerde
yerlesim gerceklestirdikleri bildirilmistir (Harmelin-Vivien ve ark., 1995). Genel olarak Nisan ayinda 0
- 2 m arasindaki derinliklerde yakalanmaya baglayan isparoz baliklarinin Haziran ayindan itibaren daha
derin sulara (5 - 10 m ve 10 - 20 m) gog ettikleri tespit edilmistir.

Otolitlerdeki giinliikk yas halkalarinin dogrulama calismalar1 yas ve biiylime c¢aligsmalari i¢in
biiylik 6nem tagimaktadir. Bu bakimdan her tiir i¢in yapilmasi gerekmektedir (Beamish ve Mcfarlane,
1983). Isparoz tiiriiniin giinliik yas dogrulamasi yapilmamistir. Ancak benzer tiirlerden karagéz,
Diplodus vulgaris, sivriburun karagdz, D. puntazzo ve sargoz, D. sargus’un yas dogrulamalar1 yapilmig
ve her halkanin bir giinii temsil ettigi belirlenmistir (Gordoa ve Moli, 1997; Vigliola, 1997; Villanueva
ve Moli, 1997). Bu bakimdan isparoz tiiriiniin otolitlerinin her halkasimin bir giinii temsil ettigi
varsayllmaktadir. Otolit tizerindeki opak ve hiyalin halkalar net bir sekilde goriilmiis ve yas okumalari
gergeklestirilmistir.
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Isparoz tiiriiniin larvalarinin ortalama giinliik biiyiime oranlar1 0.398 mm giin, genc bireylerin
(0 yas) ise 0.371 mm giin olarak hesaplanmistir. Canakkale s1g sularinda gergeklestirilen benzer bir
caligmada ise geng (0 yas) bireylerin giinliik biiylime oranlari 0.369 mm gin olarak bildirilmistir
(Ayyildiz ve ark., 2014). Canakkale si1g sularinda yapilan ¢alismada, Gokgeada s1g sularinda yapmis
oldugumuz ¢alismaya oldukga benzer sonuglar elde edilmistir. Isparoz baliginin giinliik yas ve biiyiime
oranlarinin belirlenmesi {izerine baska bir ¢alismaya rastlanamamustir. Ergin bireyler iizerine yapilan
caligmalarda hayatlariin ilk yilinda olan biiyiime oranlar ile karsilagtirilmis ve genel olarak benzerlik
gosterdigi belirlenmistir (Pajuelo ve Lorenzo, 2002; Torcu Koc ve ark., 2002). Mati¢-Skoko ve ark.
(2007)’nin Adriyatik Denizi’nde gerceklestirdigi ¢alisma ile ise farkli oldugu goriilmektedir. Bu
farkliligin yas tayini metodundan veya cografik agidan meydana geldigi diistiniilmektedir.

Gokgeada cevresinde yakalanan isparoz larvalarinin otolitlerinden yapilan giinliik yas tayinleri
sonucunda yumurtadan ¢ikma zamanlar1 Nisan - Eyliil donemi boyunca devam ettigi ve Haziran ayimda
maksimum seviyeye ulastig1 tespit edilmistir. Geng bireylerinin otolitlerinden yapilan giinliik yas
tayinleri sonucunda ise yumurtadan ¢ikma zamanlart Subat-Eyliil donemi boyunca devam ettigi ve
Mayis aymnda maksimum seviyeye ulastigi belirlenmistir. Mouine ve ark. (2012) yapmis olduklari
calismada isparozun yaz aylarinda yumurtladiklarimi bildirmislerdir. Benzer olarak, izmir Kérfezi’nde
isaproz tlirtiniin ireme zamaninin Nisan- Mayis aylarinda (Metin ve Akyol, 2003), Edremit Korfezi’nde
[Ikbahar mevsiminde (Torcu Koc ve ark., 2002) ve Adriyatik Denizi’nde ise Nisan ve Eyliil aylari
arasinda oldugu ve Mayis ayinda en yiiksek seviyeye ulastigi bildirilmistir (Mati¢-Skoko ve ark., 2007).

Geng balik bireylerinde 6liim oranlan sicaklik, beslenme ve larvalarin biiylime oranlartyla
iligkilidir. Ayrica predatdrlerin cesitliligi, biiytlikliigii ve diger ¢evresel faktorlerde 6liim oranlarina etki
etmektedir. Erken yasam evrelerinde baliklardaki boy artig1 predatdr baskisini azaltarak boylece 6lim
oranlarinin da azalmasini saglamaktadir. Yavas biiyliyen ve kiiciik olan balik larvalari predator
etkisinden daha fazla zarar goriirler. Bu durum hizli biiyiiyen tiirlerin yasama oraninin daha fazla
olacagim gostermektedir (Houde, 2008). Dogada yavas biiyiiyen baliklarin 6liim oranlar1 da yiiksek
olmaktadir (Kingsford ve Atkinson, 1994). Goékgeada g¢evresinde yapmis oldugumuz bu caligmada
isparoz bireylerinin larvalarinda %?23,1 ve geng¢ bireylerde ise %2,98 olarak hesaplanmistir. Bu
sonuclardan anlasildigi tizere isparoz bireylerinin geng birey olana kadar gecirdigi larval donemlerde
giinliik 6lim oranlarmin olduk¢a yiiksek oldugu goriilmektedir. Geng bireylerde ise gilinliikk 6liim
oranlarinda bariz bir diisiis oldugu dikkat cekmektedir.

Tesekkiir

Bu calisma TUBITAK tarafindan desteklenen 112Y062 nolu proje kapsaminda
gergeklestirilmistir.
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Abstract: Increasing the ability of crops to maintain growth and productivity under
saline conditions is of paramount importance. The effect of salicylic acid (SA) priming
on germination and physiological traits of Lathyrus sativus under salinity stress was
studied in a factorial experiment based on a completely randomized design. The
experimental treatments composed of SA at three levels (0, 0.1, and 0.2 mM) and
NaCl salinity at three levels (0, 50, and 100 mM). The effect of salinity level and SA
priming was significant on all recorded factors, except from final germination
percentage. As salinity level increased, all germination and physiological traits
declined compared with control, whereas the mean germination time and percentage
of cell death were increased. Moreover, as salinity was intensified, the Hill reaction
was decreased significantly. Salinity exhibited the strongest effects at NaCl rate of
100 mM. Seed priming with SA increased germination speed index, reduced mean
germination time, and increased leaf relative water content, seedling fresh and dry
weight compared with plants from non-primed seeds. Seedling vigor index was
increased by 23.4% in primed seeds with 0.2 mM SA. SA priming especially at 0.2
mM rate increased the Hill reaction rate and reduced percentage of cell death. SA
priming could be regarded as a practical approach to improve germination traits,
seedling growth, and physiological traits of Lathyrus sativus L. under salinity stress
conditions.

Tuzluluk Stresi altinda Lathyrus sativus L.'nin Cimlenme ve Biiyiimesini Iyilestirmede,

Salisilik Asit ile Tohum Priming Uygulamasi
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Oz: Urinlerin tuzlu kosullar altinda biiyiimeyi ve verimliligi siirdiirme kabiliyetinin
arttirilmasi, biiyiik 6nem tagir. Salisilik asit (SA) ile priming, tuzluluk stresi altindaki
Lathyrus sativus'un ¢imlenme ve fizyolojik 6zellikleri tzerine etkisi, tamamen
tesadifi bir faktoriyel deneme deseninde incelenmistir. Deneme, ti¢ seviyede SA (0,
0.1 ve 0.2 mM) ve (¢ seviyede (0, 50 ve 100 mM) NaCl'den olusmustur. Tuzluluk
seviyesinin ve SA priming etkisi, nihai ¢cimlenme yizdesi harig, kaydedilen tum
faktorler lizerinde 6nemli bulunmustur. Tuzluluk seviyesi arttik¢a, tiim ¢gimlenme ve
fizyolojik ozellikler kontrole gore azalirken, ortalama g¢imlenme siiresi ve hiicre
olimi ylizdesi artmigtir. Ayrica, tuzluluk derecesi arttik¢a, Hill reaksiyonu 6nemli
Olglide azalmistir. Tuzluluk, 100 mM NaCl uygulamasinda en glglu etkilerini
gOstermistir. SA ile tohum priming, ¢imlenme hiz endeksini arttirmig, ortalama
¢imlenme siiresini azaltmis ve yaprak nispi su igerigini arttirmis; priming
yapilmayan tohumlardan elde edilen bitkilere kiyasla taze ve kuru agirlig
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artirmigtir. 0.2 mM SA igeren priming yapilmis tohumlarda fide canliligi indeksi %
23.4 artmistir. Ozellikle 0.2 mM SA primingi, Hill reaksiyon hizim1 arttirmig ve
hiicre 6liimii yiizdesini diisiirmiistiir. SA priming, tuzluluk stresi kosullar1 altinda
Lathyrus sativus L.'nin c¢imlenme 6zelliklerini, fide buylmesini ve fizyolojik
oOzelliklerini iyilestirmek igin pratik bir yaklagim olarak kabul edilebilir.

1. Introduction

Lathyrus sativus L., commonly known as grass pea, is an annual species of Fabaceae family that
is highly adapted to adverse environments. L. sativus is resistant to environmental stresses and produces
good grain yields under adverse climates (Cocks et al., 2000). Therefore, it is commonly grown for
human consumption and livestock feed in Asia and East Africa. This species is also an excellent
candidate for green manure owing to its fast vegetative growth, succulent organs, dense foliage, low
C/N ratio, low water requirement (Lazanyi, 2000).

Salinity is a limiting factor of crop growth and yield in over 800 million ha of arable land (FAO,
2008) accounting for about 6% of the total global land. Salinity stress causes osmotic, ionic, and
oxidative stresses, thereby generating several morphological, physiological, and chemical changes in
plants and affecting photosynthesis, protein synthesis, lipid metabolism, and energy generation (Parida
et al., 2005). Salinity stress can affect all physiological processes from germination to plant
development. Photosynthesis is a key pathway in physiology of plants that is severely influenced by
salinity. Previous research showed that NaCl significantly reduced growth parameters, Rubisco activity,
photosynthetic efficiency and pigments, as well as sugar contents in maize while the effects of NaCl on
the previous parameters were increased with NaCl concentrations (Khodary, 2004). Reduced activity of
the Hill reaction was also observed in salt-stressed chloroplasts in wheat (EI-Shintinawy, 2000), in
cowpea (Vigna sinensis) (EI-Shahaby et al., 2003), and in maize (EI-Shahaby et al., 2003; Zeid, 2009).

Salinity stress can also affect other plant physiological processes. Abscisic acid built in response
to salinity induces stomatal closure and, thereby, limits CO, inflow to the plant (Leung et al., 1994).
Salinity can decrease plant protein content by impairing protein synthesis and increasing the activity of
protein hydrolyzing enzymes or may increase plant protein content by synthesizing new proteins and/or
reducing proteolytic enzymes (Dubey, 1999). The harmful impacts of salinity stress on plants can be
caused by osmotic and ionic stresses (Munns and Tester, 2008) that result in metabolic disorders in cells
manifested in the build-up of reactive oxygen species (ROS), namely superoxide (O), hydrogen
peroxide (H-0.), and hydroxyl radical (OH") (Halliwell, 2006). The main site of ROS generation in
leaves under salinity stress conditions are chloroplasts (Cavalcanti et al., 2007). Under the influence of
environmental stresses, the closure of the stomata, and the reduction of gas exchanges, as well as the
continued absorption of light energy, result in disturbances in the electron transport chain in the reaction
centers and the reduction of the quantum yield of photosystem Il (Maxwell and Johnson, 2000). The
Hill reaction is described as the photoreduction of an electron acceptor by the hydrogens of water, with
the evolution of oxygen. The ultimate electron acceptor is NADP+. The Hill reaction can be measured
in isolated chloroplasts. One of the most perceptible responses of plants to environmental stresses is the
loss of photosynthesis due to impaired photosystem Il activity (Andrews et al., 1995).

One of the approaches to alleviate the impacts of salinity stress is seed priming. Priming refers
to the pre-sowing treatment of seeds, by which seeds pass through initial stages of germination, but
radicles do not emerge due to the low amount of imbibed water (Nascimento and Aragao, 2004; Ibrahim,
2016). This technique has a lot of advantages, such as fast and uniform emergence of seedlings, maturity
progress, wider thermal range for germination, regeneration of damaged cells, reduction of barriers to
embryo growth, quantitative and qualitative improvement of protein synthesis, seed dormancy breaking,
improvement of environmental stress resistance during sowing, and eventually enhancement of plant
growth and development (Ghasemi-Golazani et al., 2010; Ibrahim, 2016).

Salicylic acid (SA) is a plant growth regulator that may have desirable effects on seedling
growth and development (Kerantev et al., 2008; Khan et al., 2015). SA, or ortho hydroxyl benzoic acid,
belongs to a group of phenolic compounds and is known as an important molecule that regulates plant
reaction to environmental stresses (Senarajna et al., 2000). The significance of salicylic acid (SA) has
been increasingly recognized in improved plant abiotic stress-tolerance via SA-mediated control of
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major plant-metabolic processes (Khan et al., 2015). In fact, SA alleviates salinity effects via increasing
the level of hormones like auxins and cytokinins, e.g., it prevented any decrease in indoleacetic acid
(IAA) and cytokinin contents and thus reduced stress-induced inhibition of plant growth (Shakirova et
al., 2003), reducing the uptake of toxic ions, and contributing to membrane stability (El-Tayeb,2005;
Samea-Andabjadid et al., 2018). The exogenous application of salicylic acid prevented the lowering of
IAA and cytokinin levels in salinity stressed wheat plants resulting in the betterment of cell division in
root apical meristem, thereby increasing growth and productivity of plants (Shakirova et al., 2003).
When the seed is subjected to salt stress, the adsorbed SA (during the preparation) rapidly attaches to
the glucose and converts to salicylic acid B-glucoside (SAG).

The enzyme that converts SA into SAG is acid salicylic glucosyl transferase. The produced
compounds play an important role in expressing the genes associated with increasing seed resistance to
salt stress. Among the RS20-RS19-RS17-RSS (genes that increase the tolerance to salinity by
counteracting the toxicity of salt ions) and the PST1 gene increases salinity tolerance by scavenging the
active oxygen species that causes oxidative stress (El-Tayeb, 2005).Exogenous application of SA to
soybeans and corn (Khan et al., 2003) increased plant growth and caused positive changes under salinity
conditions, such as increased stomatal conductance, transpiration, and photosynthetic rates in both
soybean and corn. However, research data on the effect of seed priming with SA on seed germination
and growth of L. sativus seedlings do not exist.

Thus, the research question of this study was: can seed priming with SA improve germination
and early growth of L. sativus under salt stress? Regarding the importance of Lathyrus sativus L in the
field of medicine, soil improvement and green manure, this research was conducted to investigate the
positive effect of salicylic acid for mitigating the salinity stress on germination, physiological traits and
growth parameters of Lathyrus sativus L. Since salinity has been a major agriculture problem in West
Azarbaijan Province in the region of Urmia Lake, the present study outcomes can be useful in combating
with abiotic stresses, including salinity, towards the production of Lathyrus sativus L in this region.

2. Material and Methods
2.1. Germination and growth parameters

The study was carried out in the laboratory of Agriculture and Biology Department of Urmia
University in 2016 as a factorial experiment based on a completely randomized design with three
replications. The treatments composed of seed priming with salicylic acid (SA) at three levels (0, 0.1,
and 0.2 mM) and salinity with sodium chloride (NaCl) at three levels (0, 50, and 100 mM). The seeds
of L. sativus were first disinfected with sodium hypochlorite 5% for 2 min, and then rinsed with distilled
water. For priming, seeds were soaked in SA solution at pre-determined concentrations (0.1 and 0.2
mM) in darkness at 25°C for 8 h. Then, they were air-dried at room temperature for 24 h to reduce
surplus moisture. For the germination assay, 100 seeds were placed between two filter papers in Petri
dishes with a diameter of 9 cm. The Petri dishes were placed in a germinator at 25°C.

In order to obtain the necessary moisture, seeds in Petri dish were watered every other day with
distilled water and sodium chloride solution at concentrations of 0, 50 and 100 mM. To assess
germination parameters (final germination percentage, mean germination time and germination speed
index: as showed in formula), the seeds were counted at a certain hour every day until the number of
germinated seeds reached a plateau for three consecutive days. The criterion for seed germination was
the emergence of radicle at a length > 2 mm. On day seven, five seedlings were selected from each
replication to measure the length of seedling, radicle, and plumule as well as seedling fresh and dry
weight. After seedling fresh weight was recorded, the samples were oven-dried at 72°C for 48 h and the
average of five samples was determined.

The remaining seedlings in the Petri dishes were used to explore the physiological parameters
of L. sativus, including leaf relative water content, Hill reaction, cell death, as well as post-harvest length
and weight parameters. Four seedlings were selected from each replication. Seedlings were planted in
perlite-containing pots and were placed in a growth chamber at light/dark regime of 16/8 h. To provide
the required moisture for seedlings in the pot, also every other day, distilled water and Hoagland solution
containing, 0, 50 and 100 mM sodium chloride was used. To measure the post-harvest length and weight
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parameters, root and stem length, root and stem fresh weight, and root and stem dry weight (oven-dried
at 72°C for 48 hours) were recorded after 15 days.

2.2. Relative water content

To determine the relative water content of leaves, a quantity of 0.2 g was taken from a developed
leaf in each replication, 1 cm? was detached from the middle part of its lamina, and then leaf discs were
placed in a capped Petri dish containing distilled water, which was placed in darkness at 4°C for 16 h.
Then, the leaves were taken out of the distilled water and after letting surplus moisture go, they were
placed between two filter papers and their saturated weight was measured immediately. Next, leaves
were oven-dried at 70°C for 48 hours to determine dry weight. Leaf relative water content (RWC) was
calculated according to the following Formula 5.

2.3. Hill reaction

Hill reaction was measured according to Patsikka et al. (2001). A quantity of 0.2 g of fresh leaf
tissue was weighed. Then, it was crushed with 3 mL of 50 mM phosphate buffer with pH 7 cooled down
by freezing. The filtrated extract was centrifuged at 10,000 rpm for 2 min and the supernatant was
removed. Then, 3 mL of cold phosphate buffer (50 mM, pH 7) was added to the deposit of the centrifuge
and the deposit was suspended with a paintbrush. After that, 0.5 mL of the solution was taken and was
added with 2 mL of cold phosphate buffer (50 mM, pH 7) and 0.2 mL of dichlorophenolindophenol
(DCPIP). Immediately, its absorption was measured at 550 nm with a spectrophotometer. Then, the
tubes were exposed to a 150-W lamp for 20 seconds and absorption was measured again. This practice
was reiterated for 5 min until we had T = 100. The extent of DCPIP reduction was measured as a
percentage of the non-SA-treated control.

2. 4. Cell death measurement

Cell death is a criterion showing the extent of damage to the cell membrane and was measured
according to Baker and Monck (1994) using the absorption of the Evans blue reagent. To measure cell
death, three 1-cm pieces of root ends were placed in Evans blue reagent 0.025% in water for 30 min.
Then, the pieces were rinsed with water for 15 min. After that, the samples were crushed in 1 mL of
50% methanol solution. The extract was placed in a bain-marie at 50 °C for 15 min, and then, it was
centrifuged at 14,000 rpm for 15 min. Afterwards, the absorption was measured at 600 nm with a
spectrophotometer and finally, cell death was stated as a percentage of control.

Number of germinated seeds

Final germination percentage = (1)
Total number of seeds
Germination speed index was calculated according to AOSA (1983) formula as follow:
GSI = No. germinated seeds at first counting ey No. germinated seeds at final counting (2)
- First day of counting Final day of counting
Mean germination time was obtained according to Ellis and Roberts (1981) formula as
follow:
®)
D
MGT = Z -
dn
Seedling vigor index was calculated according to Brancalion et al. (2008) formula as follow:
Seedling length (cm) x germination percentage (4)

SVI=
100
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Relative water content was estimated by Weatherley (1950) formula as follow:

Fresh weight - dry weight (5)

RWC = x100

~ Saturated weight - dry weight

Data were analyzed with the MSTAT-C software package. Treatment means were compared
using Duncan’s multiple range test at P < 0.05. Also, all graphs were drawn in MS-Excel software
package.

3. Results
3.1. Germination and growth parameters

Final germination percentage (FGP) was not affected by salinity level and SA priming.
However, germination speed index (GSI) was significantly influenced by salinity level, SA, and their
interaction. The salinity levels of 50 and 100 mM reduced GSI significantly (16.65 and 18.55 (% /day)
respectively) compared with control (28.00 % /day) (Figure 1). Priming with 0.2 mM SA improved GSI
both under control and salinity conditions, but with 0.1 mM SA only under stress conditions.

Salt stress effect led to the increase of MGT from 2.173 (day) in control to 3.229 and 2.773
(day) in 100 and 50 mM of NaCl respectively. The priming with both SA concentrations reduced this
parameter significantly, but in a similar extent (Figure 2).

Salinity and SA priming affected radicle, plumule, and seedling length, without significant
interaction. Both levels of salinity resulted in reduction of radicle, plumule, and seedling growth. The
reduction of plumule and seedling growth was higher at higher salinity levels. However, growth
reduction of radicle was the same at both salinity levels. SA-primed seeds had longer radicles, plumules,
and seedlings than non-primed seeds. However, the observed effect did not depend of SA concentration
(Table 3).

Salinity stress reduced seedling vigor significantly in a dose dependent manner. Higher loss in
seedling vigor occurred at higher salinity level (100 mM). Seeds primed with both SA concentrations
caused similar improvement of seedling vigor (Table 3).

Both salinity level reduced seedling fresh weight as compared with control. Higher reduction
was shown at 100 mM than 50 mM NacCl. In contrast, SA priming enhanced seedling fresh weight as
compared with non-primed seeds. The highest effect was observed when 0.2 mM SA was applied (Table
3). However, the low rates of SA tested in this study were not sufficient to improve fresh weight under
salinity stress. Salinity stress and SA priming influenced seedling dry weight significantly, without
significant interaction. With the increase in salinity level, seedling dry weight was reduced. NaCl level
of 100 mM resulted in loss of seedling dry weight from 16.2 mg in control to 12.76 mg in stress
combination. The application of SA (0.2 and 0.1 mM) improved seedling dry weight (15.67 and 14.96
mg, respectively) versus control (Table 3), but the effect was significant only for SA at 0.2 mM.

3.2. Relative water content

Analysis of variance revealed the significant effect of salinity, SA priming, and their interaction
on leaf relative water content (RWC) at P < 0.01 (Table 1). Under control and under stress conditions
both SA concentrations caused the increase of RWC (Figure 3).

3.3. Hill reaction and cell death

There were significant differences in the Hill reaction between salinity stress levels and SA
rates. As salinity was intensified, the Hill reaction was decreased significantly. The lowest rate of
54.84% was obtained at 100 mM of salinity. The application of SA improved the Hill reaction rate. The
highest effect of improvement was shown in plants grown from seeds primed with 0.2 mM SA (Figure
4). Increased salinity level resulted in a significant increase of cell death percentage. The application of
SA resulted in a decrease of cell death percentage (Figure 5).

72



YYU JAGR SCI 30 (1): 68-79
Moghaddam et al.. / Seed Priming with Salicylic Acid Improves Germination and Growth of Lathyrus sativus L. under Salinity Stress

3.4. Post germination test

Salinity level and SA priming influenced root and stem length, root fresh and dry weight
significantly (P < 0.01), while the interaction of salinity with SA was insignificant for these traits (Table
2). The smallest root length (22.22 cm) and stem length (31.46 cm) were obtained from 100 mM salinity,
while the greatest root length (34.35 cm) and the greatest stem length (52.82 cm) was obtained from SA
0.2 mM (Table 3). Different SA levels varied significantly in their effects, so that SA concentration of
0.2 mM had the greatest impact considering both these traits (root and stem length) (Table 3). Salinity
resulted in significant loss of root fresh weight, and consequently its dry weight, as compared with
control (Table 3). Salinity level of 1200 mM caused root fresh weight to decrease from 0.1848 g to 0.1087
g in control. Also, root dry weight at this salinity level was decreased from 0.04956 g to 0.01844 g in
control. On the other hand, SA primed seeds favored root fresh and dry weight. Root fresh weight
differed significantly in plants treated with 0.1 mM SA from those treated with 0.2 mM SA. Indeed,
plants treated with 0.2 mM SA exhibited the greatest root fresh weight. Plants treated with 0.1 mM SA
and those treated with 0.2 mM SA had similar root dry weights (0.03333 and 0.04467 g, respectively)
(Table 3).

Stem fresh and dry weights were influenced significantly by salinity level, SA priming, and their
interaction (Table 2). When there was no salinity stress, SA application improved stem fresh and dry
weight. This increase was the greatest at SA rate of 0.2 mM, resulting in stem fresh and dry weights of
1.207 and 0.1750 g, respectively. At salinity level of 50 mM NaCl, while 0.2 mM SA improved these
traits (stem fresh and dry weight), it did not significantly differ from SA concentration of 0.1 mM. As
salinity level was increased to 100 mM NaCl, only the higher SA concentration (0.2 mM) improved
stem fresh and dry weight to 0.4067 and 0.03867 g, respectively (Figure 6 & 7).

35 ~

5 30 - i R %

E 25 - % \ \ :.I

g~ 20- § § § ue

» 2 15 - \ \ -

g2 0l \ X N

R BN\ N N #

s SA0 [SA0.15A 0.2 SA 0 [SA0.1SA 0.2 SA 0 [SA 0.15A 0.2
NaCl 0OmM NaCl 50mM NaCl 100mM |

Figure 1. Values of germination speed index among treatments (different letters indicate significant
differences at P < 0.05).
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Figure 2. Values of mean germination time among treatments (different letters indicate significant
differences at P < 0.05).
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Table 1. Analysis of variance for the effect of salinity and salicylic acid on germination and physiological traits of L. sativus.

Treatment df FGP MGT Gsl RL PL SL svI RWC SFW SDW
(%) (day) (% /day) (cm) (cm) (cm) (%) (mg) (mg)
Salinity 2 0.037™ 0.236™ 28.820 7.343°  12.305"  37.622" 96814.35™ 19.427™ 1097.939™  27.898™
SA 2 0.037™ 2.526™ 237.081"  3.201"  7.131"  17.83" 46125.17" 265.653" 3285495~  11501"
Salinity x SA 4 0.037™ 0.309™ 44.062" 0.070™  0.592™  0.955™ 2339.492™ 4.304™ 174.024" 3.816™
Error 18 0.037 0.01 7.115 0.622 0.307 0.838 2062.644 0.513 117.286 2.859
CV% 0.39 4.72 9.88 137 12.93 9.13 9.05 0.99 10.28 115

** Significant at P < 0.01; * significant at P < 0.05; ns: not significant.

FGP: final germination percentage, MGT: mean germination time, GSI: germination speed index, RL: radicle length, PL: plumule length, SL: seedling length, SVI: seedling vigor index, RWC:

relative water content SFW seedling fresh weight, SDW: seedling dry weight)

Table 2. Analysis of variance for the effect of salinity and salicylic acid on germination and physiological traits of L. sativus.

Treatment df Root LE (cm) Root FW (g) Root DW (g) Stem LE (cm) Stem FW (g) Stem DW (g)
Salinity 2 380.205™ 0.013™ 0.002™ 1639.009™ 1.126™ 0.025™
SA 2 290.145™ 0.005™ 0.002™ 463.742" 0.263™ 0.004™
Salinity x SA 4 4.431™ o o 0.924" 0.022" 0.001™
Error 18 2.837 0 0 5.801 0.006 0
CV% 5.88 8.08 12.48 5.32 14.14 17.04
** Significant at P < 0.01, * significant at P < 0.05, ns: not sginificant.
(Root LE: root length; Stem LE: stem length; Root FW: root fresh weight; Root DW: root dry weight).
Table 3. Mean comparision of the main effect of salinity and SA on germination and physiological parameters of L. sativus.
Treatment RL (cm) PL (cm) SL (cm) SVI SFW (mg) SDW (mg) Root LE (cm) Stem LE (cm) Root FW () Root DW (g)
Salinity
0mM 6.727 a 5.476 a 12.16a 610.1a 117.8a 16.2a 35.21a 58.42a 0.1848 a 0.04956 a
50 mM 5.602 b 4.253b 9.856 b 492.8 b 101.5b 15.11a 28.52b 46.04 b 0.1400 b 0.02689 b
100 mM 4940 b 3.138¢ 8.080 ¢ 403.3c 96.69 b 12.76 b 22.22¢c 3146¢c 0.1087 c 0.01844 b
SA
0mM 5.162 b 3.264b 8.427b 420.6 b 84.42b 13.44 Db 22.99 ¢ 38.52¢ 0.1208 ¢ 0.01689 b
0.1 mM 5.736 b 4873 a 10.61a 5304 a 109.6 a 14.96 ab 28.61hb 44,58 b 0.1429 b 0.03333a
0.2 mM 6.371a 4.729 a 11.06 a 555.1a 1219a 15.67a 34.35a 52.82a 0.1698 a 0.04467 a

Different letters indicate significant differences at P < 0.05.
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Figure 3. Values of relative water content among treatments (different letters indicate significant
differences at P < 0.05).
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Figure 4. Values of Hill reaction speed (%) among treatments (different letters indicate significant
differences at P < 0.05).
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4. Discussion and Conclusion

The study showed SA has significant effect on germination indices, growth and physiological
parameters under salinity stress. SA increased GSI and decreased MGT on salt stress. The loss of GSI
under salt stress could be related to the negative impact of low water potential on water uptake as well
as toxic effect of ions (Na and Cl) on biochemical processes and catabolic (enzymatic hydrolysis of seed
storage materials) and anabolic (generation of new tissues by materials hydrolyzed at the first step)
stages of germination (Shamsadin Saeid et al., 2008). However, the positive effect of SA on GSI could
be due to reducing oxidative damage under high salinity (Lee et al., 2010). It is possible that SA
stimulates the seed germination via bio-synthesis of gibberellic acid and acts as thermogene inducers
(Shah, 2003). The reduced MGT in SA primed seeds may be attributed to the increased water uptake
and promotion of the biological processes during germination provoked by SA in those seeds (Debez et
al., 2018), and the reduced accumulation of Na* and CI” ions by SA application (Jini and Joseph, 2017).
Entesari et al. (2012) reported the same effect on the mung bean grown under salinity stress and primed
with SA. Hamid et al. (2010) reported that SA priming of wheat seeds under salinity stress resulted in
the production of more vigorous and larger seedlings and enhanced chlorophyll, dissolved sugars and
proteins content of the plant. The positive effect of SA treatment on seedling growth under salinity stress
could probably be caused by the involvement of this growth regulator in cell division (Shakirova et al.,
2003; Dolatabadian et al., 2009). Increased cell division of apical meristem of initial roots, which in turn
resulted in an increased level of elongation was shown in SA treated wheat (Shakirova et al., 2003). In
this study priming with SA was decreased negative effects of salinity on root and shoot length, fresh and
dry weight. Delavari et al. (2014) founded germination, length of root and shoot, fresh and dry weight
decreased under salinity but pre-treatment with SA improved them.SA treatment alleviates osmotic
stress and allows better water uptake. The mechanism by which SA increases the growth of the root and
shoots in some plants are still unknown, but it is possible that SA adjusts elongation and cell division
with other substances such as auxin (Nourafcan, 2015). The mechanism by which SA improves root and
shoot growth of some plants is not well-understood, but SA is likely to regulate cell elongation and
division through the aid of other compounds, like auxin (Shakirova et al., 2003). It was also shown that
SA hinders the oxidation of auxin (Farkhonded et al., 2012). So, it seems that the increased level of
seedling dry weight is related to the SA-induced increase in root and stem length through different ways.

It has been reported that the desirable effect of SA on seedling vigor under no stress conditions
is accompanied with increased level of IAA and ABA (Shakirova et al., 2003). As mentioned above, the
low effect of SA on seedling vigor under salinity stress could be attributed to the low rates of SA tested
in this study. The mechanism by which SA improves root and shoot growth is not well-understood.
However, Fariduddin et al. (2003) stated that SA inhibits auxin oxidation, whose elevated content
increases net photosynthetic rate in leaf. Since salinity stress reduces cell division, it seems that the
increase in seedling fresh weight associated with increasing root and shoots length that is affected by
salicylic acid.

According to our results salinity reduced relative water content and SA improved that. Likewise,
Agarwal et al. (2005) concluded that foliar application of SA improved RWC of leaves in wheat plants.
Singh et al. (2015) reported the exogenous application of SA reduced the growth inhibition of plants
caused by NaCl, and increased leaf relative water contents. The increased level of leaf RWC by SA can
be related to the role of SA in increasing the capability of the antioxidant defensive system, alleviating
stress, and increasing membrane stability and cohesion as well as osmotic adjustment through the
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increased level of potassium as a crucial element in maintaining cell turgor (Bandurska and Stroinski,
2005; Korkmaz et al., 2007).

Reduced activity of the Hill reaction was also observed in salt-stressed chloroplasts of various
plant species (EI-Shintinawy, 2000; El-Shahaby et al., 2003; Zeid, 2009). Proteins D1 and D2 of the
photosystem |l are also damaged under stress conditions. These proteins are the main components of
the photosystem Il and their degradation results in photoinhibition (Bissati et al., 2000; Kruk et al.,
2005). SA by retention and accelerating the repair of protein D1 and D2, also induction of protein kinases
and reversible phosphorylation of proteins, reduce the severity of damage under stress conditions (Hui-
Jie et al., 2011). The enhancement of Hill reaction activity with SA priming may be due to increased
synthesis of chlorophyll content along with acceleration of photosynthesis performance and
carbohydrate metabolism (Khodary, 2004). Ervin et al. (2005) Observed increased activity of superoxide
dismutase after treatment of plants with SA and argued that SA activates the antioxidant system and
transmits the message to enhance the efficiency of the photosystems Il. Bhattacharjee and Mukherjee
(2002) reported that salinity induces oxidative stress causing membrane degradation. Salinity stress
induces oxidative stress and, thereby, escalates the generation and accumulation of active radicals. This
effect, in turn, oxidizes proteins and lipids and ruins membrane structure (Molassiotis et al., 2006). SA
contributes to membrane maintenance by influencing polyamines, like putrescine, spermine, and
spermidine, and generating membrane-stable complexes (Nemeth et al., 2002). This response may act
through reducing the amount of hydrogen peroxide (Borsani et al., 2001), which is a toxic molecule in
germinating seeds (Woijtyla et al., 2016).

This study assessed the effect of salinity stress and SA seed priming on L. sativus germination
parameters and early growth, for which research data do not exist in the literature. Salinity stress (50
mM and 100 mM NacCl) resulted in significant decline of germination parameters, seedling vigor, and
seedling growth, whereas the application of SA priming alleviated some negative effects of salinity on
germination and related traits and improved most growth and physiological traits of L. sativus.
According to the results, it can be concluded that the priming of L. sativus seeds with SA can alleviate
the effect of salinity and improve the resistance of seedlings to salinity stress.
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Anahtar kelimeler

Antepfistig1 sektord,
Esanli model,

Oz: Bu galismanin amac1 antepfistigmin arz, talep, dis ticaret boyutunun 1980 ile
2018 yillar1 arasinda esanli bir sistem igerisinde modellenmesidir. Bu amagla esanli
model tahmin yontemlerinden Full Information Maximum Likelihood Tahmin
Modeli (FIML) kullanilmistir. FIML modelinde esanlilik iligkisini gosteren iiretim,
tiiketim, ithalat ve ihracat olmak tizere 4 farkli denklem kurgulanmistir. Model
sonucuna gore; arz modelinde antepfistig1 fiyati1 periyodisite ve zaman istatistiki
acidan 6nemli ve talep modelinde kullanilan degiskenlerin katsay1 isaretleri anlamli
ve istatistiki ag¢idan 6nemli bulunmustur. Dig ticaret boyutunda denklemlerin
agiklayicihigini gosteren R? degerleri arz ve talep modellerine gore oldukga diisiik
oldugu goriilmiigtiir. Model sonuglar1 dikkate alindiginda buna bagl olarak

Turkiye Uretimde diinyada talep géren gesitlerin iiretimine yonelinmesi, iiriin tegviklerinde
periyodisitenin de dikkate alinmas1 gerekmektedir.
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dimension of Pistachio between 1980 and 2018. For this purpose, the Full
Information Maximum Likelihood Estimation Model (FIML) was used for
estimation. In the FIML model, four different equations, namely production,
consumption, import and export, which show the relationship of simultaneity, are
constructed. According to the model result; In the supply model, pistachio price
periodicity and time were statistically significant and coefficient signs of the
variables used in the demand model were found significant and statistically
significant. R? values showing the explanation of the equations in foreign trade
have been found to be quite low compared to supply and demand models.
Considering the model results, accordingly, it should be directed to the production
of varieties that are in demand in the world, and should be kept in front of the
periodic in product incentives.

1. Giris

Antepfistig1, sakizgiller ailesinden olup yazlarin uzun ve sicak siirdiigii kislar1 nispeten soguk
olan alanlarda yetisen bir meyvedir (Anonim, 2019a). Tiirkiye’de Gaziantep, Sanliurfa ve ¢evre illeri bu
bitkinin gelisimi agisindan en uygun iklim kosullarina sahiptir. Antepfistiginin bilesiminde ortalama
olarak %53.2 yag, %19.6 protein, %19.0 karbonhidrat, %5.6 su, ve %2.6 kiil bulunmaktadir (Rastgeldi,
2015). Antepfistigr hem besin degerinin yiiksek olmasi hem de iiriiniiniin kendine has lezzeti ile gida
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sektdrinde 6nemli bir yere sahiptir. Antepfistig1 cerez olarak da tiiketilmesinin yani sira gogunlukla
kurutulmus ya da tuzla kavrulmus sekilde satilmaktadir. Kuruyemis ile ¢ikolata sektorii basta olmak
tizere tatlicilik, eczacilik ve tip sektorlerinde kullanilmaktadir (Gezging ve Duman, 2004).

Diinya antepfistig1 iiretiminde ilk {i¢ sirada sirastyla iran, Amerika ve Tiirkiye yer almaktadur.
Iran ve Amerika antepfistig1 iiretimini biiyiik arazilerde diiz ve sulu kosullarda yapmaktadir. Birim alana
sik agac¢ dikimi yapilarak dekara daha yiiksek verim alinmaktadir. Tiirkiye’de ise antepfistig1 liretimi
daha ¢ok kirag kosullarda yapilmaktadir (Aksoy ark., 2010). Tiirkiye’de yetistirilen antepfistig1 ¢esitleri
genel olarak yogun aromals, lezzeti yiiksek, kii¢iik ve uzun cesitlerdir. Iran ve Amerika’da yetistiriciligi
yapilan gesitler ise verim olarak daha yiiksek fakat lezzetge zayif, yuvarlak sekilde, ¢itlaklik orani
yiksek ve iri yapidadir (Aksoy, 2002). Tirkiye’de antepfistigi yetistiriciligi eski zamanlara
dayanmasina ragmen tiriiniin liretimi istenilen seviyede artis gostermemistir. Bunun sebebi antepfistigi
iiretiminin genelde kuru kosullarda yapilip, ¢ogunlukla kira¢ ve meyilli olan arazilerde yapilmasidir
(Tekin ark., 2001). Antepfistig1 degerli meyvesi sayesinde lireticisine biiyiik oranda kazanglar saglayip,
diinya capinda iine sahip olan 6nemli bir bitkisel besindir. Ozellikle anavatani olarak yetistigi Orta Dogu
iilkelerinde popdiler bir driindiir. Diinya toplam antepfistig1 iiretiminin ortalama %83.4'{i iran, Amerika
ve Turkiye tarafindan tiretilmektedir. Diinya’da fistik aga¢ sayis1 ve {iretiminde tiglincii sirada yer alan
ulke Tarkiye’dir (FAO, 2019). Bu iilkeler disinda Suriye, Cin ve Yunanistan da antepfistig1 iretiminde
iddiali olan Ulkeler diizeyine her gegen giin biraz daha yaklasmaktadirlar (Yavuz ark., 2016).

Tiirkiye’de ozellikle Glineydogu Anadolu Bolgesi antepfistigi liretimi bakimindan énemli bir
yere sahiptir. Tiirkiye’de en verimli arazilerin yer aldigi GAP bolgesinde 6zellikle Sanlurfa, Gaziantep
ile Siirt illerinde ¢ift¢inin yetistiriciligini yaptig1 gdzde iiriinlerden birisidir (Eldogan ve Sahin, 2015).

Tiirkiye antepfistigi tiiretiminde yiiksek verim alinabilecek iilkelerden olup, {iriiniin
yetistiriciliginde ekolojik kosullara uygun arazilere sahiptir. Ayrica antepfistigi periyodisite egilimi olan
bir meyvedir, periyodisite egiliminden dolay1 liretim miktar1 yildan yila degisme gostermektedir (Ertiirk
ark., 2015).

Literatiir calismalari daha ¢ok antepfistigi iiretim maliyeti ve ekonomik analizi (Dilmen, 1976;
Sen ve Sandal, 2015; Sandal ve Yurddas, 2019) ve etkinlik konularina (Kizilaslan, 1994; Kiilekgi ve
Aksoy, 2013; Kulekgi, 2014) yoneliktir.

Gilineydogu Anadolu Bolgesi’nin geleneksel liriinii olan antepfistigi bolge ¢iftgisinin dnemli
gelir kaynagidir. Tiirkiye’nin 2015 yilinda iiretimi 144 000 ton iken ihracati 3 154 ton olmustur. 2016
yilinda ise Uretim 170 000 ton, ihracat 4 710 ton olarak gerceklesmistir. Antepfistigi iretimi 2017°de ise
gerileyerek 78 000 ton olarak gergeklesmistir. 2018 yilinda ise antepfistigi liretimi artig gostererek 240
000 ton olarak gerceklesmistir. Antepfistig1 fiyatinin dis pazarda i¢ pazara gore diisiik olmasi, diinya
piyasalarin istedigi kalitede iirlin iiretilememesi ve ithalat yapan iilkelere yil icerisinde sabit fiyat
garantisinin verilememesi gibi nedenlerle ihracatta azalma ve Uretilen Grlnin i¢ pazarda satilmast
zorunlulugunu ortaya c¢ikarmistir (Anonim, 2019b). 2001 yilindan sonra devletin antepfistiginda
destekleme alimindan vazgegmesi ile de sektor tamamen kendi kaderine terk edilmistir. Tiirkiye
ekonomisi ve dinya ekonomisinde dnemli bir paya sahip olmasindan dolay1 antepfistigi arz ve talep
olugumu ile dis ticaretinin dinamiklerinin bilinmesi 6nem arz etmektedir (Karacan ve Ceylan, 2017).

Bu calismanin amaci 1980 ile 2018 yillar1 antepfistigi arz, talep ve dis ticaret boyutunun esanl
bir sistem icerisinde modellenerek incelenmesidir.

2. Materyal ve Yontem
2.1. Materyal

Calismada modellerin tahmin edilmesine kullanilacak veriler Birlesmis Milletler Gida ve Tarim
Orgiitii (Food and Agriculture Organisation - FAO) veri tabanindan elde edilmistir. Veri seti olarak tek
bir kaynagin tercih edilmesinin nedeni verilerin hem degiskenler arasinda hem de zaman boyutunda
birbirleriyle tutarlilik saglamasidir. Modellere dahil edilecek degisken sayisin1 en iist diizeyde
tutabilmek adina verilerin zaman boyutu veri tabaninin giincelligine de bagl olarak 1980 ile 2018 y1llar
aras1 antepfistig1 sektoriine etkisi olabilecek tiim degiskenler alinmistir.
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2.2. YOntem

Esanli denklem modellerini tahmin eden bir¢ok yontem kullanilmaktadir. Bu ydntemlerin
bazilar1; Gériiniiste Iliskisiz Regresyon, iki Asamali En Kiiciik Kareler, U¢ Asamali En Kiiciik Kareler
ve Genellestirilmis Momentler Metodu yontemleri ile Full Information Maximum Likelihood (FIML),
yani tam bilgi maksimum olabilirlik model tahminleridir. Bu modeller icerisinde FIML bitln tahmin
ediciler arasinda en etkin olanidir (Greene, 2003). Bu nedenle ¢alismada Full Information Maximum
Likelihood (FIML) yontemi kullanilmigtir (Creel, 2014).

Calismada antepfistigi liriiniin arz, talep ve dis ticaret boyutunu incelemek amaciyla esanlilik
iligkisini gosteren tiretim, tiiketim, ithalat ve ihracat olmak {izere 4 farkli model kurgulanmistir. (FIML)
Tahmin Modeline ait denklemler asagiya ¢ikarilmistir.

ARZ; = ao+ o0uRANFt.1+ a2 PER: + a3 TIME; + €1t

TALEP; = ﬁo + ﬂlRANFt + ﬁzRMGt + ﬁ3 RFIF: + ﬁ4RCEFt + eyt

IHR: = do + 01RIHRF; + 02TIME;, + 03RPETF+ ex

ITH: = yo +p1RITHF + e4

Denklemlerde:

ARZ: Kabuklu antepfistig tiretimi (ton)

RANF1: Reel iiretici antepfistigi fiyat1 (Bir y1l gecikmeli TL/kg)
PER: Periyodisite (lirliniin bol oldugu yillar 1 ve iirliniin bol olmadigi yillar 0)
TIME: Analizde kullanilan zaman aralig1 (1980-2018)

TALEP: Antepfistig1 toplam tiiketimi (ton)

RMG: Kisi bagina GSMH ($)

RFIF: Reel Findik fiyat1 (TL/ kg), 1994=100

RCEF: Reel Ceviz fiyat1 (TL/ kg), 1994=100

IHR: Toplam antepfistig1 ihracati (ton)

RIHRF: Diinya antepfistig1 ihracat fiyati ($/ton)

RPETF: Diinya petrol fiyati ($/Varil)

ITH: Toplam antepfistig1 ithalati (ton)

RITHF: Diinya antepfistig1 ithalat fiyat: ($/ton)

3. Bulgular
3.1. Antepfistig1 sektorii hakkinda genel bilgiler

Antepfistig1 sektorii 2001-2018 yillar1 dikkate alinarak sektordeki degisme ortaya konmustur.
Antepfistig1 sektdriine ait {iretim, isleme, dis ticaret, i¢ tiiketim ve politikalar agagida sunulmustur.

Birlesmis Milletler Gida ve Tarim Orgiitii (FAO) verilerine gére 2017 yil1 itibariyle Diinya’da
antepfistig1 iiretiminde lider durumunda bulunan iilke iran’dir. Amirteimoori ve Chizari (2008),
calismalarinda Iran’in antepfistigi sektoriinde mukayeseli {istiinliigii oldugunu testip etmislerdir.
Amerika son zamanlarda {iretim ve sulama tekniklerini gelistirmek suretiyle iiretim hacmini devamli
artirmis ve Iran’a rakip konuma gelmistir. Tiirkiye ise dalgali iiretim yapist ile rekoltenin yiiksek oldugu
sezonlarda bu iilkelerin ardindan {igiincii sirada yer almaktadir (Cizelge 1).

Amerika, antepfistig1 liretimine 1963’ten sonra baslamasina ragmen giiniimiizde antepfistig
iiretiminde 6nemli aktdrlerden birisi konumundadir. Tiirkiye, antepfistig1 yetistiriciliginin kirag, kuru
kosullarda yapilmasi ve iiretimde modern tekniklerin kullanilmamasindan dolayi {iretim yapilan alanda
onemli artiglar olmakla birlikte verimlilikte istenilen artis saglanamamustir.

Tiirkiye’de antepfistig1 liretimi yaygin olarak Giineydogu Anadolu Bolgesinde birkag il disinda
kiiciik alanlarda yabani agaclarin asilanmasiyla yapilmaktadir. Son bes yilin ortalamasina gore
antepfistign liretiminin %90.9’u Gaziantep, Sanliurfa, Adiyaman, Siirt, Kahramanmaras ve Kilis
illerinden saglanmaktadir (Cizelge 2).
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Cizelge 1. Ulkeler itibariyle antepfistig1 iiretim paylar1 (%)

Yillar fran Amerika  Tiirkiye Cin  Suriye  Yunanistan  italya Digerleri Diinya
2001 37.7 24.5 10.1 8.7 12.5 3.2 0.6 2.7 100
2002 47.7 26.4 6.7 5.4 10.1 1.7 0.4 1.6 100
2003 49.5 11.4 18.9 6.3 10.0 1.7 0.4 1.8 100
2004 41.6 354 6.7 7.2 4.8 1.8 05 2.1 100
2005 44.3 24.8 11.6 6.6 8.6 1.7 0.5 19 100
2006 47.9 16.2 16.5 54 11.0 1.2 0.2 1.6 100
2007 50.3 25.1 9.8 5.1 6.9 11 04 14 100
2008 31.3 23.9 22.8 7.6 10.0 1.6 04 25 100
2009 33.1 29.0 14.7 8.1 111 14 0.6 2.0 100
2010 30.1 33.0 17.8 8.1 8.0 1.1 04 1.6 100
2011 25.1 32.3 17.9 11.9 8.9 1.3 0.5 2.1 100
2012 24.1 36.3 19.7 9.5 7.5 1.1 0.1 1.7 100
2013 33.1 314 13.0 10.9 8.0 1.0 05 2.0 100
2014 49.8 26.4 9.0 8.5 3.3 1.0 0.4 1.6 100
2015 42.0 30.6 14.1 7.8 3.2 0.5 0.4 14 100
2016 29.8 38.5 16.1 7.9 5.4 0.6 0.3 15 100
2017 51.6 24.4 7.0 8.5 5.1 1.1 0.3 2.0 100

Kaynak: (FAO, 2019).

Cizelge 2. Iller itibariyle antepfistig1 iiretim paylar1

Uretim paylar1 (%)
Yillar Gaziantep Sanlurfa Adiyaman Siirt Kahramanmaras Kilis Digerleri  Tirkiye
2001 25.2 30.3 3.2 7.1 8.3 2.3 23.6 100
2002 24.2 34.4 3.2 5.7 9.6 2.1 20.8 100
2003 40.3 33.1 7.7 2.4 5.4 11 10.1 100
2004 16.3 27.1 5.7 7.4 13.2 1.7 28.6 100
2005 34.0 317 4.8 3.6 8.8 2.0 15.2 100
2006 434 38.3 2.6 2.2 4.7 0.6 8.1 100
2007 49.6 18.5 11.8 3.3 4.4 1.2 11.1 100
2008 39.7 37.6 6.4 4.3 2.8 0.9 8.3 100
2009 50.2 17.0 6.0 14.1 3.7 11 8.0 100
2010 41.1 30.4 8.5 8.7 3.4 1.2 6.8 100
2011 32.9 32.7 8.3 11.3 4.4 1.2 9.3 100
2012 37.5 32.8 4.8 11.7 33 1.2 8.8 100
2013 11.2 34.5 9.5 21.3 5.9 35 14.0 100
2014 21.5 26.9 12.1 19.0 3.0 2.9 14.4 100
2015 36.9 33.2 10.7 7.8 15 1.6 8.3 100
2016 44.3 28.3 11.0 3.9 3.6 1.3 7.5 100
2017 18.9 36.5 13.4 10.2 4.7 4.1 12.1 100
2018 37.6 41.7 10.0 4.7 1.6 1.8 2.6 100

Kaynak: (TUIK, 2019)

Yine son bes yilin ortalamasina gore antepfistigi dikim alanlarimin %97.2’si bu alt1 ilde
bulunmaktadir. Dikim alanlarindaki artigin en fazla oldugu il yaklasik 4 katlik artig ile Siirt’tir. Bunu
2.1’lik art1s ile Kilis takip etmektedir. Iller itibariyle genel olarak dikim alanlarinin arttig1 goriilmektedir
(Cizelge 3). 2001 yilinda Gaziantep en fazla dikim alanina sahip iken 2018 yilinda en fazla dikim
alaninin Sanlurfa ilinde oldugu goriilmektedir.

2001-2018 yillart arasinda Tirkiye antepfistigi dikim alanlarinda bazi yillar diisiis yasansa da
genel olarak artis olmustur. Bu siirecte dikim alanlarinda ki en yiiksek artig 6zellikle son yillarda
meydana gelmistir. 2018 yilinda 3 545 003 dekar alan ile ger¢eklesmistir (Sekil 1). Tirkiye’de dzellikle
son yillarda antepfistig1 i¢ talebinde 6nemli artislar yasanmistir. Bu gelisme antepfistigi fiyatlarinin
artmasina neden olmustur. I¢ talep artis1 ile birlikte dzellikle Gaziantep ve Sanlurfa illerinde modern
yetistiricilik yapan kapama bahge sayilarinda artiglar yagsanmasina neden olmustur.
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Cizelge 3. iller itibariyle antepfistig1 dikim alanlar (%)

Dikim Alani1 (%)
Yillar Gaziantep  Sanlurfa  Adiyaman  Siirt  Kahramanmarag  Kilis  Digerleri Turkiye
2001 441 34.8 12.1 2.3 1.6 14 3.6 100
2002 43.9 34.7 12.2 2.2 1.6 1.5 4.0 100
2003 43.8 35.0 12.2 2.2 15 1.3 4.0 100
2004 44.0 35.0 12.1 24 15 14 3.6 100
2005 39.6 32.0 11.1 11.1 1.8 1.3 3.1 100
2006 39.9 31.9 11.0 11.3 1.4 1.3 3.1 100
2007 35.6 34.1 10.6 12.6 2.3 1.4 3.4 100
2008 35.7 344 10.5 12.2 2.5 1.4 3.3 100
2009 36.9 35.8 11.0 8.5 2.8 1.5 3.4 100
2010 375 35.0 10.6 9.3 2.8 1.4 3.4 100
2011 37.0 36.7 10.3 9.0 2.6 1.2 3.3 100
2012 45.9 30.9 8.6 8.3 2.4 1.2 2.8 100
2013 46.2 315 8.7 6.7 2.4 1.9 2.5 100
2014 46.0 31.3 8.8 6.8 2.4 2.1 2.6 100
2015 44.6 33.2 8.7 6.5 2.3 2.0 2.6 100
2016 42.6 36.0 8.3 6.3 2.1 2.1 2.5 100
2017 415 38.1 7.8 5.7 2.1 1.9 2.8 100
2018 38.5 39.3 7.4 8.0 2.1 1.8 2.9 100

Kaynak: (TUIK, 2019)
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Sekil 1. Tiirkiye antepfistig1 dikim alanlar1 (dekar).

Tiirkiye icin stratejik Oneme sahip olan antepfistiginin 2018 yili {iretimi 240 bin ton
gergeklesmistir. Ciftgi eline gegen fiyat 2001-2018 yillar1 arasinda siirekli olarak maliyetin {izerinde
belirlenmis ve maliyetin ¢iftci eline gegen fiyata orani %27.1 ile %97.1 arasinda degismistir. Maliyetin
destekleme fiyatina oranmin birbirine en yakin oldugu 2017 senesinde oran %97.1 olarak
gergeklesmistir. Sektoriin bu sekilde karli olmasi iireticilerin bahgelerindeki hastalik ve zararlilarla
miicadele konusunda gerekli itinay1 gdstermelerine ve hem iiretici hem de tiiketicinin memnun olmasina
neden olmustur (Cizelge 4).

Antepfistig1 ihracatinda yillar itibari ile 5nemli dalgalanmalar yasanmustir. Ozellikle son yillarda
ihracat 6nemli Ol¢iide azalsa da glnimiizde pazar paym korumustur. Tirkiye’nin antepfistigt
iiretiminde 6nemli iilkelerden biri olmas1 miinasebetiyle ithalat yok denecek kadar azdir. Son yillara
bakildiginda azda olsa ithalatta artis olmustur. Bunun nedeni olarak Amerika’nin iran fistigina ambargo
koymasi, bu ambargo sonucunda bir miktar fistigin Tiirkiye lizerinden Amerika’ya satis yapilmasi
gosterilebilir. Thracatin toplam iiretim icindeki pay1 2001°1i yillara kadar ortalama %16’lar civarinda
gerceklesirken bu yildan sonra ortalama giderek azalmis ve %2.8’ler civarma kadar diigmistiir. 2017
yilinda ise %8.4 ile artis gdstermistir. [hracatin {iretim igindeki pay1 %16.5 ile %0.6 arasinda degismistir.
Ithalatin iiretim i¢indeki pay1 %0.4’{in {izerine hi¢ ¢tkmamustir (Cizelge 5).
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Cizelge 4. Ciftci eline gegen fiyat ve maliyetlerin karsilagtiriimasi.

Ciftci El. Geg. Fiyat Maliyet Maliyet/Ciftci Eline Gegen Fiyat

Yillar TL/Kkg, TL/kg, %

2001 2.73 1.35 49.5
2002 421 1.14 27.1
2003 5.07 1.49 29.4
2004 6.03 2.36 39.1
2005 6.61 4.14 62.6
2006 6.67 3.33 49.9
2007 6.99 3.80 54.4
2008 6.81 5.08 74.6
2009 7.85 4.36 55.5
2010 11.07 4.82 435
2011 11.19 4.95 44.2
2012 10.08 5.58 55.4
2013 11.23 6.54 58.2
2014 19.12 7.19 37.6
2015 17.46 6.69 383
2016 15.79 6.19 39.2
2017 19.61 19.04 97.1
2018 29.6 10.07 34.0

Kaynak: (TUIK, 2019; Anonim, 2019¢)

Cizelge 5. Antepfistig1 ihracat, ithalat miktarlar ve iiretim i¢indeki paylart (FAO, 2019)

Ihracat Ithalat Uretim fhracat/Uretim Ithalat/Uretim
Yillar Ton Ton Ton % %
2001 4 947 28 30 000 16.5 0.1
2002 1936 107 35000 55 0.3
2003 1038 68 90 000 1.2 0.1
2004 757 120 30 000 2.5 0.4
2005 823 37 60 000 1.4 0.1
2006 864 79 110 000 0.8 0.1
2007 975 84 73416 1.3 0.1
2008 2621 84 120 113 2.2 0.1
2009 2 376 197 81 795 2.9 0.2
2010 717 14 128 000 0.6 0
2011 1160 10 112 000 1 0
2012 2 328 0 150 000 1.6 0
2013 3948 266 88 600 45 0.3
2014 821 15 80 000 1 0
2015 3154 15 144 000 2.2 0
2016 4710 29 170 000 2.8 0
2017 6 575 218 78 000 8.4 0.3

3.2. Antepfistig1 sektorii ekonometrik model sonuclar:

Modelde kullanilan degiskenlere ait tamimlayici istatistikler Cizelge 6°de verilmistir. ithalat
degiskenine bakildiginda Tiirkiye’nin antepfistigi ithalatinin yok denecek kadar az oldugu dikkati
cekmektedir. 1981-2018 yillart igerisinde antepfistigi diinya ithalat fiyatinin 5 764 3 $/ton oldugu ihracat
fiyatinin ise 6 103.8 $/ton oldugu tespit edilmistir. Belirtilen periyot icerisinde diinya antepfistigi
uretiminin ortalama 484 822 ton oldugu Tiirkiye’nin ise %13.9’luk pay aldig1 gorilmektedir.

Degiskenlerin dagilimina bakildiginda zaman haricinde verilerin saga ¢arpik olduklari en fazla
carpikligin ithalatta oldugu gdzlemlenmistir. ithalat, reel antepfistig1 fiyati, reel findik fiyati, reel ithalat
ve ihracat fiyat1 degiskenlerinin normal dagilim egrisinden daha dik (leptokurtik) oldugu dikkati
cekmektedir.

FIML tahmin modeli arz ve talep denklemlerinde arz ve talep igsel degisken olarak, bir yil
gecikmesi alinmig reel antepfistigi fiyati, periyodisite, zaman, reel milli gelir, reel findik ve ceviz
fiyatlar1 digsal degiskenler olarak modele dahil edilmistir.

Cizelge 7’de arz ve talep denklemlerine ait degiskenlerin katsayilari, P degerleri, denklemlerin
aciklayiciligl, anlamliliklar1 ve diger test sonuglari verilmistir. Arz ve talep modelleri sirasiyla %81 ve
%72’1ik yiiksek bir aciklayicilikla tahmin edilmislerdir. Arz modelinde bir yil gecikmesi alinmig
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antepfistig1 fiyati, periyodisite ve zaman istatistiki agcidan énemli bulunmustur. 2002 yilinda yapilan
ekonometrik c¢alismada da arz ile ¢ift¢i eline gecen fiyat arasinda pozitif yonll énemli iligki tespit
edilmistir (Aksoy, 2002). Talep modeli dort adet bagimsiz degisken ile agiklanmaya calisilmistir.
Modelde kullanilan degiskenlerin katsay1 isaretleri anlamli ve istatistiki agidan énemli bulunmustur.
Antepfistig1 tiiketimi ile fiyat1 arasinda negatif yonlii 6nemli bir iliski bulunmaktadir. Antepfistigina
rakip olan findik ve ceviz fiyatlari ile antepfistig1 tiikketimi arasinda pozitif yonde dnemli bir iliski oldugu
tespit edilmistir.

Regresyon denkleminin hata teriminde otokorelasyonun varligi incelenmistir. Engel, sadece
hata teriminde degil, hata teriminin varyansinda da otokorelasyon aranmasi gerektigini 6ne siirmiis ve
bu amagcla otoregresif kosullu farkli varyans (ARCH = AutoRegressive Conditional Heteroskedasticity)
modelini gelistirmistir. ARCH modelinin ardinda, “hata teriminin varyansi, bir gecikmeli hata terimi
varyansinin karesinin bilyilikligiiyle iliskilidir” fikri yatmaktadir (Miran, 2018). Bu baglamda elde
edilen modellerin hata terimlerinin dagilimina iliskin gerceklestirilen test sonuglari irdelendiginde
otokorelasyon ve otoregresif farkli varyans probleminin olmadig1 tespit edilmistir.

Cizelge 6. Modelde kullanilan verilere ait tammlayict istatistikler

Variable Ortalama Median Minimum Maksimum
ITH 155.63 57.000 0.00000 1296.0
DUR 484 822 429510 161 580 1166 767
RANF 0.082491 0.079300 0.052632 0.15380
RCEF 0.046455 0.040862 0.016841 0.093962
RFIF 0.038915 0.035720 0.021202 0.092829
TIME 20.500 20.500 2.0000 39.000
RITHF 5764.3 5584.3 3260.7 10500
RIHRF 6 103.8 6 046.7 3672.2 13176
ARZ 67 630.0 55 000 13 000 240 000
TALEP 56 981.0 50 082 10672 147 037
RMG 6 076.2 4401.0 2 316.5 11 835
Variable Std. Sap. Varyasyon Kat. Carpiklik Basiklik
ITH 260.04 1.6709 3.0123 9.5214
DUR 270 350 0.55762 0.89253 0.016244
RANF 0.019371 0.23483 1.8130 4.2607
RCEF 0.022225 0.47843 0.58974 -0.72939
RFIF 0.013954 0.35857 1.8338 4.3066
TIME 11.113 0.54210 0.00000 -1.2017
RITHF 1679.1 0.29129 0.74065 0.26430
RIHRF 1987.1 0.32554 1.6827 3.2759
ARZ 50 082 0.74054 1.4326 2.0875
TALEP 36 560 0.64161 0.73597 -0.43443
RMG 3238.9 0.53305 0.56632 -1.2992

Arz denklemi ile talep denklemi kalintilar1 arasindaki iliski diizeyinin birbirinden bagimsiz ve
otokorelasyonsuz (Breusch-Pagan Ki-kare(1) = 14.4285, P=0.0001) oldugu bulgusuna vartlmustir.
Dolayisiyla denklemlerin kalintilarindan herhangi bir denklemin kalintilarinda meydana gelen
degisiklik diger denklemin kalintilarinda 6nemli degiskenlige bundan sonra sebep olacagi ve kalintilarin
otokorelasyonsuz olacagini gostermektedir.

Dis ticaret denklemlerinde ihracat ve ithalat i¢sel degisken olarak alinmig, zaman, reel petrol
varil fiyat: ve reel ihracat fiyat: digsal degiskenler olarak modele dahil edilmistir. Thracat ve ithalat
denklemlerinde modelin agiklayiciligini gosteren R? degerlerinin arz ve talep modellerine gore oldukga
diisiik oldugu gériilmektedir. Thracat modelinde bagimsiz degiskenlerin modelin %36’sm1 acikladigi,
ithalat modelinde ise agiklayict degisken sayisinin bir tane olmasindan dolay: agiklayiciligini oldukga
diisiik %11 oldugu goriilmektedir (Cizelge 8). Ihracat miktari ile reel ihracat fiyati arasinda pozitif yonlii
onemli bir iliski oldugu goriilmektedir. Ithalat denkleminde ithalat miktar1 ile ithalat fiyat: arasinda
negatif iligki oldugu tespit edilmistir.

Iki regresyon modelinde de otokorelasyon problemine bakilmis ve hata terimler arasinda iligki
olmadig1 tespit edilmistir. Zaman serileriyle yapilan tahminlerde karsilasilabilen degisken varyans
problemi olup olmadig1 ARCH testi yapilarak irdelenmis otoregresif kosullu farkli varyans problemi ile
karsilagilmamistir. Denklem kalintilari arasindaki kovaryonsa bakildiginda ihracat denklemi ile ithalat

86



YYU TAR BiL DERG (YYU J AGR SCI) 30 (1): 80-89
Temel ve Aksoy / Tiirkiye Antepfistii Sektoriiniin Egsanli Model Yontemiyle Tahmini

denklemi kalintilar1 arasindaki kovaryans iliskisi (Breusch-Pagan Ki-kare(1) = 0.346896, P=0.5559)
6nemsiz bulunmustur. Bu da denklemlerin kalintilarindan herhangi bir denklemin kalintilarinda
meydana gelen degisiklik diger denklemin kalintilarinda 6nemli degiskenlige sebep olmayacagini
gostermektedir.

Cizelge 7. Arz ve talep denklemleri i¢in Full Information model sonuglari

Degiskenler Arz Talep

Katsay1 Std. Hata P-degeri Katsay1 Std. Hata P-degeri
Sabit -15727.4 15953.7 0.324 21286.5 10441.5 0.042**
RANFt.1 354 897 214 372 0.0978*
PER 8179.2 47316 0.0839*
TIME 2502 405.2 0.000%***
RANF -440990 139 873 0.002%***
RMG 4.367 1.132 0.000%***
RFIF 518 944 234 306 0.027**
RCEF 545 521 205 406 0.008***

Testler

R? 0.814 0.718
Log-Likehood -848.26
Otokorelasyon Ki-kare(1) = 1.32797 (0.2492) Ki-kare(1) = 0.909894 (0.3401)
ARCH P(Ki-kare(1) > 1.66395) = 0.19707 P(Ki-kare(1) > 0.533717) = 0.465048
Kalntilar igin ¢apraz 7.5180e+008 -
denklem (VCV) 4.7577e+008 4.1281e+008
Breusch-Pagan Capraz kovaryans matrisi i¢in Ki-kare(1) = 14.4285 (0.0001)

*:0.10, **: 0.05, ***: 0.01

Cizelge 8. Dis ticaret denklemleri i¢in Full Information model sonuglari

Degiskenler IHRACAT ITHALAT
Katsay1 Std. Hata P-degeri Katsay1 Std. Hata P-degeri
Sabit -4563.400 2728.2 0.094* 450.257 142.133 0.0015***
RIHRF 1.1937 0.6229 0.055*
TIME 234.759 55.296 0.000***
RPETF -37.895 28.238 0.1796
RITHF -0.0511 0.0237 0.031*
Testler
R? 0.359 0.110
Log-Likehood -626.622
Otokorelasyon Ki-kare(1) = 0.429837 (0.5121) Ki-kare(1) = 0.97058 (0.3245)
ARCH P(Ki-kare(1) >153793) = 0.694937 P(Ki-kare(1) >0.00016) = 0.989886

Kalintilar i¢in

capraz denklem 1.2418e+007 i
(Vev) -81543 58622
Breusch-Pagan Capraz kovaryans matrisi icin  Ki-kare(1) = 0.346896 (0.5559)

*:0.10, **: 0.05, ***: 0.01
4. Tartisma ve Sonug

Ekonometrik analiz sonuglarina gore; arz ve talep modellerinde kullanilan degiskenlere ait kat
sayilarin isaretlerinin anlamli ve istatistiki agidan dnemli oldugu tespit edilmistir. Di1s ticaret boyutunda
ise arz ve talep modellerine gére modellerin agiklayiciliginin oldukga diisiik oldugu goriilmiistiir. En
fazla ¢arpikligin ithalatta oldugu ve buna bagli olarak antepfistig1 ithalat miktari ile ithalat fiyat1 arasinda
negatif iliski oldugu tespit edilmistir. Thracatta antepfistig1 ihracat miktari ile reel ihracat fiyat: arasinda
pozitif bir iliski oldugu ortaya ¢ikmistir. Antepfistig: tiiketimi ile fiyati arasinda negatif, antepfistigi
tiiketimi ile antepfistifina rakip olan findik ve ceviz fiyatlar1 arasinda pozitif iliski oldugu ortaya
cikmigtir.

2009-2018 yillar1 arasinda antepfistigi dikim alanindaki %65.31iik aris ve unun sonucunda her
gecen giin sayis1 artamaya devam eden antepfistifi bahgelerinden dolay1 iiretim ontimiizdeki 10 yil
icerisinde iki katindan daha fazla artis gosterecektir. Piyasada i¢ talebin ¢ok tizerinde arz ile
karsilasilacaktir. Buda iireticilerin ciddi anlamda zarar etmesine neden olacaktir. Tirkiye’de bu
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baglamda antepfistigi sektorii ile ilgili olarak acil olarak yeni politika araglarina ihtiya¢ duyulacaktir.
Antepfistiginda yeni kurulmus olan bahgelerde ve antepfistigi iiretiminin yogun olarak yapildigi
bolgelerde sulanabilen alanlarda diinya talebinin yiiksek oldugu ¢esitlerin dikiminin yapilmasi énem arz
etmektedir.

Yeni kurulacak kapama antepfistigi bahgelerine istenilen ¢esitlerin dikilmesi durumunda tesis
destegi verilmelidir. Ayrica antepfistiginin depolama siiresinin uzun olmast, piyasada bu iiriiniin kalite
olarak her zaman bulunabilmesi, fiyat istikrarini istenen diizeyde saglamak ve antepfistig1 iireticisinin
yeterli geliri saglamasi adina lisansli depoculuk ile birlikte iiriin ihtisas borsalarini kurmak Tiirkiye i¢in
bir zorunluluk haline gelmistir.

Ulke igerisinde piyasaya doniik iiretim yapan isletmelerin basarisinin altinda yatan faktérlerin
tespit edilmesi ve bu tespitler dogrultusunda ulusal ve boélgesel olarak galismalar yapilmasi tarim
politikasina yon verme adma 6nem arz etmektedir. Thracata yonelik iiretime tesvik verilmelidir. Bu
tesvik sisteminde iiretimin donemler arast degisiminin de goz onlinde bulundurulmalidir. Bu agidan
isletme Olgeginin bilylimesini saglayacak ulusal veya bolgesel tarim politikalarinin olusturulmasi énem
arz etmektedir.
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Abstract: It is very important to increase the income levels of livestock
enterprises and engaged in animal production in our country by producing barns
with modern and economic methods. In this study, prefabricated barn types
which are built as opposed to traditionally built barns of the cold regions like
Erzurum was revealed. Concerning tie-stall type barn, as for the number of
animals 10, 20, and 30 headstocks discussed in the study. Moreover, the tie-stall
prefabricated barn project is designed by using 50 tunnel type light-weight
concrete materials to illustrate an example for commercial enterprises. At the
end of the study, it was determined that prefabricated lightweight concrete barns
were more economical than produced traditionally classical-type barns. As the
number of cattle increased, the cost of barn decreased per cattle for cold climate
conditions. The cost reduction percentage for 10-head barns was determined as
38.0% and 38.9% for lightweight concrete cylindrical roof and light concrete
tunnel roofed barn types, respectively. These values were calculated as 60.5% -
61.4% for 20 head barns, and 59.9% - 60.4% for the 30 head barns. Among the
studied barn types, it was found that the most economically suitable barn
combination was a prefabricated barn with tunnel roof and lightweight concrete.
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Oz: Ulkemizde hayvansal iiretimin ve hayvancilikla ugrasan isletmelerin gelir
seviyelerinin artirilmasinda, modern ve ekonomik yontemler ile gergeklesen
hayvan barmaklarmin insa edilmesi ¢ok onemlidir. Caligmada Erzurum ve
benzeri soguk iklim kosullarina sahip bolgelerde, geleneksel lretim yontemiyle
insa edilen besi ahirlarina segenek olarak kullanilabilecek prefabrik ahir tipleri
ortaya konulmustur. Ahir tipi olarak bagl durakli, hayvan sayisi olarak 10, 20
ve 30 bag arastirmaya konu edilmistir. Ayrica ticari isletmelere drnek olmasi
acisindan 50 baglik tiinel tipi hafif beton malzeme kullanilarak iiretilebilecek
bagl durakli prefabrik bir ahir projesi de tasarlanmistir. Calismanin sonunda,
prefabrik hafif beton ahirlarin geleneksel tip klasik ahirlardan daha ekonomik
oldugu tespit edilmistir. Soguk iklim kosullart i¢in biiyilkbas hayvan sayist
arttik¢a, hayvan bagina ahir maliyeti azalmigtir. Maliyet azaltma orani, 10 basl
ahirlar icin hafif beton silindirik c¢at1 ve hafif beton tiinel ¢atili ahir tiplerinde
strastyla% 38,0 ve % 38,9 olarak belirlenmistir. Bu degerler 20 bas ahir i¢in%
60,5 -% 61,4, 30 bas ahir i¢in% 59,9 -% 60,4 olarak hesaplanmustir. Incelenen
ahir tipleri arasinda, ekonomik olarak en uygun ahir kombinasyonunun tiinel
catili ve hafif betonlu bir prefabrik ahir oldugu tespit edilmistir.
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1. Introduction

Despite the development of technology and industry in the world, livestock maintains its
importance for countries. The construction of shelters with suitable environmental conditions to meet
the basic food and meat needs is an infrastructure cost that has a large share in livestock enterprises.
The purpose of animal shelters in livestock enterprises is to eliminate the negative impact on animals,
to realize the most suitable production environment and to provide an environment suitable for the
behavior of animals (Kizildag, 2012). The health status and yields of animals have a close relationship
with the environmental conditions of the shelter. Therefore, the structural features of the shelters
should be at an optimum level to obtain the most efficiency from the animals (Aydin et al., 2016).

The Eastern Anatolia Region of Turkey displays a structure on livestock in terms of the
sectoral distribution of rural employment. The Eastern Anatolia Region has 26.8% of the total size and
cattle of Turkey, and the region is noteworthy for the presence of cattle. Most of the population is
engaged in livestock. 64% of the agricultural economy of Erzurum Province consists of livestock.
According to Turkish Statistical Institute (TUIK) 2017 data, the number of cattle in our country was
15 943 586 heads. The number of cattle in Erzurum province is 731 828 heads. Erzurum, Turkey is the
second province in the presence of cattle in the rankings. Erzurum is the third province in terms of the
amount of milk obtained from cattle. Due to the geographical and climatic characteristics of the
province and the large meadow pastures, the province has encouraged people living in the province to
livestock. The most important problem is the low yield from animals and the animal needs of
unsuitable animal shelters. Considering a new approach in terms of cost and labor force in Erzurum
province, lightweight concrete prefabricated barns could be as an alternative to the traditionally
constructed barns.

Lightweight concrete is defined as concrete produced with a unit weight less than 2200 kg /
m3 using aggregates that are lighter than normal aggregate (TSE, 2002). Lightweight concrete
produced by lightweight aggregate has superiority compared to normal concrete. These can be listed
as; having lower unit weight, high sound and heat insulation properties, resistance to fire, ease of
transportation and installation, less scale and less material due to shrinkage of the sections (Kocaman,
2000). Thermal expansion coefficient (at) of lightweight concrete is approximately 80% of normal
concrete depending on aggregate type and quantity. In addition, lightweight concrete ranges from
8x10® ~ 10x10® (m/m°C) (Tasdemir, 2003).

Concretes with a specific weight not exceeding 1840 kg m and a compressive strength of 28
days exceeding 17 MPa are classified as lightweight concrete. According to the standards of the
countries, the specific weight of light concrete is allowed to increase up to 1900 kg / m3.

Table 1. Lightweight Concrete Grade (Tasdemir, 2003).

Lightweight Concrete Grade Specific weight (kg m™) Compressive strength (MPa)
S1 800 1-7
S2 800-1200 7-10
S3 1000-1400 10-14
S4 1300-1800 14-25
S5 1500-1800 25-40
S6 1800-2000 40-70

It is also possible to classify lightweight concrete as in Table 1. S1 class concrete is used to
provide thermal insulation. S2 and S3 concretes are medium-strength concretes and have insulation
properties. S4, S5 and S6 concretes are lightweight concrete. They are considered as carrier concrete
in many countries.

Environmental conditions in the stable should be brought to appropriate levels to prevent cattle
from being exposed to adverse environmental conditions and to increase production (Cook et al.,
2007). To ensure adequate ventilation in the barns, if the number of animals is up to 50 head, it is
stated that the barn height should be 3-3.75 m. At least one ventilation chimney must be calculated for
the 100 m? barn floor area. Stall cubicle varies according to the age, type, and weight of cattle. Stall
cubicle length should be 240 - 270 cm and 120 cm for large breeds. The length should be 230 cm and
the width should be 110 cm for small-scale breeds (Sahanoglu and Kocak, 2014; Anonymous, 2013).

91



YYU TAR BiL DERG (YYU J AGR SCI) 30 (1): 90-99
Er and Kuslu / Planning and Design of Prefabricated Beef Cattle Barns Constructed by Lightweight Concrete for Cold Climate Regions

The barn floor must be covered with materials that prevent the animals from slipping. The
drainage and scraper systems must be good for the manure and animal cleaning in the barn (Ones and
Olgun, 1989; Akman, 2012). Feed space length for the cattle should be 65-75 cm. 45-70 cm waterer
length for cattle is stated to be sufficient capacity. Waterers are usually placed in navigation areas. One
waterer is sufficient for 15 cattle. (Yuksel, 1984; Sahanoglu, 2014).

It is stated that 100 Watt light source will be sufficient for 40-50 m? barn areas in areas where
natural lighting is insufficient and artificial lighting is used. The appropriate temperature limit for the
cattle is between -18 ° C and + 24 ° C (Yaganoglu, 1986; Kadzere et al., 2002). It is argued that the
appropriate moisture level should be between 50-75% (ic6z, 1998). Heat insulation operations are
applied to prevent hot or cold air from entering or leaving the barn by creating heat bridges. Generally
used in thermal insulation materials; glass wool, rock wool, Expanded Polystyrene insulation foam
(EPS), Extruded polystyrene insulation foam (XPS), polyurethane foam (Ceylan, 2012).

In this study, a new approach in terms of cost and workforce in Erzurum province was taken
into consideration and it was decided to carry out this research to contribute to the building material
and construction method of animal shelters. In the study, 10, 20 and 30 head of prefabricated tie-stall
beef cattle barn plans with light concrete material were developed considering the cold climatic
conditions. In this way, it was aimed to increase the income level in the agricultural enterprises which
are active in rural areas and to make a contribution to preventing uncontrolled migration from rural
areas to urban areas.

2. Materials and Methods

Erzurum region was chosen as the research material region. The province of Erzurum is
located between 40°-15" and 42°-35' east longitudes and 40°-57' and 39°-10’ north latitudes in terms of
geographic location. 64% of the total agricultural land in the province is meadow-pasture land. The
agricultural land is 460 252 hectares and the area of 305 636 hectares is suitable for irrigation. The
total population of the province is 762021 and 417385 of them live in central districts (TUIK, 2017).

The province of Erzurum, which is located in the continental climate zone, is mostly dry and
hot in summers and generally cold and snowy in winters. The temperature difference between day and
night is high. The average annual temperature is 5.7 ° C. The coldest month is January with an average
temperature of -9.1 ° C and the hottest month is August with 19.5 ° C. The average annual
precipitation is 432.8 mm, with the highest precipitation decreasing by 73.1 mm in May and the lowest
precipitation with 17.5 mm in August. 52.39% of the annual rainfall (221.5 mm) falls in the plant
vegetation period, 1 May-20 October. In August, the relative humidity is determined as 47%, the
lowest in December and January, with the highest values of 76%, with an average annual relative
humidity of 64% (Anonymous, 2016).

Heat and moisture balance was considered in the design of the family-type beef cattle barns,
design of building elements and design of ventilation systems and the principles given by Mutaf and
Sénmez (1984), Balaban and Sen (1988), Bozkir (2001), Girkan et al. (2005), Polat and Damci
(2007), Uzal and Ugurlu (2008), Usta (2011) and Anonymous (2013), were taken into consideration.
In the calculations, the temperature inside the barn for winter was 10°C and the relative humidity 80%.
Average low temperature and relative humidity values for the coldest month of the region were taken
as the external temperature and relative humidity of the Project. In the calculations regarding the
ventilation and summer ventilation, the principles are given in Ekmekyapar (2001) were taken into
consideration. Ventilation openings were made based on the temperature balance and it was checked
whether the values provided provide the moisture balance. The average weight of the cattle in the
fattening barn is 500 kg (Ekmekyapar, 2001).

Prefabricated tie-stall barns with 10, 20 and 30 head family-type and 50 head commercial
types were planned by using TS 9967 (1992), TS498 (1997), TS500 (2000) and TSE (2002) related to
lightweight concrete prefabricated structures. 2018 cost calculations of the cattle barns were made and
compared with the classical type tie-stall cost calculation calculated using the same year data. The cost
calculations of these cattle barns were realized with the prices obtained from the construction unit
exposure list of the Ministry of Environment and Urbanization and the companies in the market.

Formulas used in the study;

Assuming the average weight of the cattle in the beef barn as 500 kg.
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The amount of water vapor emitted by a cattle is calculated by the following equation (g/h):

N =A*kl*n (1)
In Equation;

k1 = Amount of water vapor emitted from 1 m? body surface area at 10 ° C g/m?h

n= the number of cattle in the barn.

In determining the amount of ventilation required

Q=AxV (2)
Equation is used. In equation;

Q= ventilation capacity (m3/h)

A= sum of air outlet openings (m?)

V= speed of air current is (m/s), it is decided upon the equation below

V=1,8* ((H(ti-td))/(273+td)) (3)
In equation;

H= chimney effective height (m)

ti= interior temperature of barn °C

td= barn outdoor temperature is °C

Number of ventilation chimneys;

n= Ala 4)
is calculated with the equation above. In equation;

A= sum of air outlet openings (m?)

a= chimney area is (m?)

According to the Regulation on Minimum Conditions to be Adhered to within the Scope of
Investment of the Agriculture and Rural Development Support Institution, the Window account is
taken as 5% of the barn floor area. It has been checked whether the values calculated by equality meet
this rule.

Equation 5 was used to determine the number of windows.

p= Ala ©)
In equation;

A= sum of window openings (m?)

a= window area is (m?)

3. Results

The cost calculations of 10, 20 and 30 head cylindrical and tunnel roof prefabricated beef
cattle barns produced with lightweight concrete suitable for Erzurum province conditions were
prepared. As an example for commercial enterprises, 50 head prefabricated barn were produced from
lightweight concrete.

The dimensional calculations of 10, 20, 30 and 50 head prefabricated barns with lightweight
concrete are given in Table 1.

Table 2. Dimensional calculations of prefabricated barns with beef cattle

Acceptances and calculations 10 head 20 head 30 head 50 head
Barn Height(m) 4 4 4 4

Barn Width (m) 7 7 10 10
Barn Length(m) 18 30 824 37
Amount of Ventilation(kg/h) 949.45 1898.86 2848.2 3915.7
Total Number of Windows (piece) 5 8 8 12
Total window area (m?) 6.3 10.5 12 14.4
Number of ventilation chimneys 2 3 5 8
Special partition area (m?) 4.7 4.7 4.7 11.55
Feed Storage Area(m?) 4.7 4.7 7.7 11.55

Table 2 and Table 3 provide the calculation of the cost of the cylindrical and tunneled roofs of
the prefabricated barn, which are produced with lightweight concrete, with the tie-stall. Also, the cost
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calculations for the 50 head prefabricated beef cattle barn with lightweight concrete, tunnel roof, and
tie-stall, which could be an example for commercial enterprises, are given in Table 4.

Table 3. Prefabricated barn with a cylindrical roof made of lightweight concrete material

Prefabricated barn with a cylindrical roof made of lightweight concrete

Amount COST (TL)
Queue Type of work Unit 10Head 20 Head 30 Head UnitCost(TL) 10Head 20Head 30 Head
1 Earth Excavation m3 91.2 148.8 165 3.58 326.5 532.7 590.7
2 Stone Blockage m3 45.6 74.4 82.5 35.06 1598.73 2608.46 2892.45
3 Lean Concrete m3 15.2 24.8 27.5 130 1976 3224 3575
4 Base Concrete m3 45.6 74.4 825 145 6612 10 788 11 962.5
5 Prefabricated lightweight 3 5796 955  ggo4 130 75348 12558 115752
concrete panel account
6 Prefabricated panel steel 133 533 5719 250325 3336.83 583757 5554.71
reinforcement
7 Wire mesh ton 0.784 1.30 1.05 2 275.32 1784.03 297339 2378.71
8 Stirrup ton 0.18 0.32 0.33 2552.15 467.76 818.47 848.84
9 Roof cover material m? 212.4 354 341.28 10 2124 3540 3412.8
10 Window piece 5 8 8 60 300 480 480
11 Barn stall cubicle piece 10 20 30 220 2 200 4400 6 600
12 Cattle Pad Rubber m? 216 414 64 50 1080 2070 3200
13 Ventilation fan piece 2 3 4 1416 2832 4248 5664
14 Cattle waterer piece 10 20 30 35 350 700 1050
15 TOTAL 32522.66 54 778.61 59 784.92

Table 4. Tunnel type prefabricated barn meter made with lightweight concrete material

Barns with tunnel roofs made of lightweight concrete

Amount COST (TL)

Queue Type of work Unit 10Head 20 Head 30Head UnitCost 10Head 20 Head 30 Head

1 Earth Excavation m? 91.2 148.8 165 3.58 326.5 532.7 590.7

2 Stone Blockage m? 45.6 744 82.5 35.06 1598.73 2608.46 2 892.45

3 Lean Concrete m?3 15.2 24.8 275 130 1976 3224 3575

4 Base Concrete m?3 45.6 74,4 82.5 145 6612 10788 11 962.5
Prefabricated

5 lightweight  concrete m?3 53 88.31 88.69 130 6 890 11 480.3 11529.7
panel account

6 Prefabricated  panel 1 59 596 201 250325 323850 5667.35  5042.04
steel reinforcement

7 Wire mesh ton 0.76 1.26 1.01 227532 173151 2866.90 2308.54

8 Stirrup ton 0.19 0.33 0.30 2552.15 486.49 852.41 771.82

9 Roof cover material m? 212.4 354 34128 10 2124 3540 3412.8

10 Window piece 5 8 8 60 300 480 480

11 Barn stall cubicle piece 10 20 30 220 2 200 4 400 6 600

12 Cattle Pad Rubber m? 216 414 64 50 1080 2070 3200

13 Ventilation fan piece 2 3 4 1416 2832 4248 5664

14 Cattle waterer piece 10 20 30 35 350 700 1050

15 TOTAL 31745.75 53 458.14 59 079.56
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Table 5. 50 head with tunnel roof made of lightweight concrete material prefabricated barn

50 headboard prefabricated stables with tunnel roof made of lightweight concrete material

Queue Type of Work Unit Amount Unit Cost Cost (TL)

1 Earth Excavation m3 250.8 3.58 897.9

2 Stone Blockage m3 125.4 35.06 4 396.52

3 Lean Concrete m3 41.8 130 5434

4 Base Concrete m3 125.4 145 18 183

5 Prefabricated lightweight concrete panel m? 137.27 130 17 845.1
account

6 Prefabricated panel steel reinforcement  ton 3.082 2 503.25 7715.01

7 Wire mesh ton 1.54 2275.32 3522.19

8 Stirrup ton 0.42 2 552.15 1081.70

9 Roof cover material m? 526.14 10 5261.4

10 Window piece 12 60 720

11 Barn stall cubicle piece 50 220 11 000

12 Cattle Pad Rubber m?2 108 50 5 400

13 Ventilation fan piece 6 1416 8 496

14 Cattle waterer piece 50 35 1750

15 TOTAL 91 702.84

For example, the floor plan and front view of 10-headed prefabricated barn with lightweight
concrete is shown in Figures 1 and 2.
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Figure 1. The floor plan of 10-headed prefabricated barn with lightweight concrete
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Figure 2. the sectional view of 10-headed prefabricated barn with lightweight concrete
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Figure 3. The floor plan of 20-headed prefabricated barn with lightweight concrete
00
__ 1230
.20
_%?_%m
|
o

Section A-A

Figure 4. the sectional view of 20-headed prefabricated barn with lightweight concrete
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Figure 5. The floor plan of 30-headed prefabricated barn with lightweight concrete

Section A-A

Figure 6. the sectional view of 20-headed prefabricated barn with lightweight concrete

Prefabricated barns are more economical in terms of 10 tie-stall beef cattle barn done with
traditional methods as a result of comparing the cost per cattle with the cost of the prefabricated barn
with the same characteristics. Cost reduction percentage was determined as 38.0% and 38.9% for
lightweight concrete cylindrical roof and light concrete tunnel roofed barn types, respectively.
Similarly; The cost of prefabricated barns per animal for beef cattle barn with 20 head was found to be
lower than those built by the traditional method. The cost reduction percentage was 60.5% and 61.4%
for lightweight concrete cylindrical roof and light concrete tunnel roofed barn types, respectively. The
cost-reduction percentage values listed above were determined as 59.9% and 60.4% for the 30-headed
cattle barn. Taking these values into account, the most cost-effective barn type for prefabricated beef
cattle barn with per unit animal; it is observed that there is a barn with a tunnel roof made of
lightweight concrete material.
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Much of the work and research on lightweight concrete involves the elimination of negativity
resulting from the high cost of fixed loads in traditionally produced structures. Low transportation
costs due to the weight of concrete open the door to new economies related to lightweight concrete. As
a result of the calculations and investigations carried out in this research, it has been observed that
among the prefabricated cattle barn, the most suitable ones are those produced by lightweight
concrete. Sabir (2016) emphasized that lightweight concrete is effective in reducing the carrier
element dimensions compared to normal concrete, its strength is sufficient and it is a low-cost
material. According to the information provided by the American Concrete Institute (ACI) (2003), the
transportation costs of lightweight concrete are reported to be seven times less than in normal
concrete. He emphasized that the transportation costs of prefabricated elements made of lightweight
concrete, especially in small sizes, are the most economical.

4. Discussion and Conclusion

The planning of more economical structures with various materials should be considered by
applying modern techniques to old type barns that cause diseases and cause a decrease in productivity.

In this study, cost calculations were made by making prefabricated barns with cylindrical and
tunnel roofs produced with 10, 20 and 30 head lightweight concrete. Additionally, the cost of the
classic barn was calculated and a comparison made. As a result of the cost calculations; Barns made of
lightweight concrete are more economical than traditional type barns. This is because the unit price of
lightweight concrete is low.

At the end of the study; Among the types of prefabricated barns, it was determined that the
type of light concrete tunnel roofed barn was the most economical production. However, it can be said
that prefabricated barn types are economically more suitable than traditional barn types under all
conditions.

The use of prefabricated building elements in barn production is very important in areas with
adverse climate conditions such as Erzurum, where the construction period is short in terms of
shortening of construction times because it is produced in factories. When it is considered for the
earthquake, complying with the production rules and making the installation with care, the strength
and durability of the prefabricated structures must be sufficient. It is appropriate to use the lightweight
concrete in the carrier and non-bearing structural elements due to the strengthening of the thermal
insulation properties of the hollow structure and its strength.
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Abstract: Despite the global emphasis on climate change financing, there is limited
information on the status of insurance welfare on climate change adaptation
decision in Nigeria. This study therefore, examined the nexus in agricultural
insurance welfare and climate change adaptation decision in Edo State, Nigeria. A
cluster sampling technique was used. Raw data were collected using questionnaire
distributed to 192 farmers. Descriptive and inferential statistics were the analytical
tools used for the study. The mean age was 43 years. About 62% were males.
Majority (82.3%) of the respondents were married with an average family size of 7
members. Their average farming experience was 14 years. The respondents were
educated with a mean farm size of 1.52 hectares. About 77% of the respondents do
not belong to cooperative society. Most, (65.6%) of the agrarians did not have
access to credit. The average annual income earned by farmers was N274 724 00.
Findings showed that 76.0% of the growers had little access to agricultural
insurance welfare. The outcome of the binary probit model indicated that
educational level, years of farming, farm size, cooperative membership, land
ownership status, access to credit and income level influence agricultural insurance
welfare for climate change adaptation decision, while education, household size,
access to credit, membership of cooperative, income and extension contact
contributed to adaptation decision. It is recommended that Government should
make provision for insurance welfare package for farmers for greater productivity.

Tarim Sigortalar1 Refahi ve Iklim Degisikligine Uyum Kararinda Nexus Analizi:

Nijerya Ornegi

Makale Bilgileri

Gelis: 04.08.2019
Kabul: 12.02.2020
Online Yaymlanma 31.03.2020
DOI: 10.29133/yyutbd.601294

Anahtar kelimeler

Adaptasyon karari,
Ekilebilir Grun ciftgisi,
Iklim degisikligi,
Sigorta refahi.

Oz: iklim degisikliginin finansmanina kiiresel vurgu yapilmasina ragmen,
Nijerya'da iklim degisikligine uyum kararinda sigorta refahinin durumu hakkinda
siirli bilgi bulunmaktadir. Bu nedenle, bu ¢aligma Nijerya'nin Edo Eyaleti'nde
tarim sigortast refahi ve iklim degisikligine uyum kararindaki baglantiy1
incelemistir. Bir kiime drnekleme teknigi kullanilmistir. Ham veriler 192 ¢iftciye
dagitilan anket kullanilarak toplanmustir. Tanimlayici ve ¢ikarimsal istatistikler
calisma icin kullanilan analitik araclardir. Yas ortalamasi 43 bulunmustur.
Yaklasik% 62'si erkektir. Ankete katilanlarin ¢ogunlugu (% 82.3) evli olup,
ortalama 7 kisilik bir aile boyutuna sahiptir. Ortalama tarim deneyimleri 14 yil
bulunmustur. Katilimcilar ortalama 1.52 hektarlik bir ciftlikle egitildiler. Ankete
katilanlarin yaklasik% 77'si kooperatif toplumuna ait bulunmamaktadir. Tarim
igletmelerinin ¢ogunun (% 65.6) krediye erisimi bulunmamaktadir. Ciftgiler
tarafindan kazanilan yillik ortalama gelir 274 724 00 N olarak saptanmustir.
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Bulgular, yetistiricilerin % 76.0'inin tarim sigortasi refahina ¢ok az erisimi
oldugunu gostermistir. ikili probit modelinin ciktilari, egitim seviyesi, ciftilik
yillar1, ¢iftlik biyiikliigli, kooperatif iiyeligi, arazi miilkiyeti durumu, krediye
erisim ve gelir diizeyinin iklim degisikligine uyum kararinda tarim sigortasi
refahini etkiledigini gosterirken, egitim, hane halki biytikliigii, krediye erigim ,
kooperatif {iyeligi, gelir ve yayim irtibatt uyum kararina katkida bulundugunu
gostermektedir. Devletin daha fazla dretkenlik icin ciftcilere sigorta refah paketi
saglamasi onerilmektedir.

1. Introduction

Climate change, a worldwide environmental problem is negatively affecting sustainable
development across the globe (de Amorim et al., 2018). It is a progressive increment in temperature,
rainfall, sea level and in recurrence, magnitude and extent of severe climatic happenings like drought,
flood, cyclone and storm surge (Davis et al., 2017; Mark and Bastidas-Arteaga, 2019,). The high level
of sensitivity and poor improvising measure have been tied to tremendous dependence on natural
resources, low per capita GDP and extreme poverty, little capacity to adjust financially and
institutionally, and a lack of insurance (Shilalo, 2016). The susceptibility of African farmers to the
consequences of change in the climate is expected to be worst in Nigeria (Ahmed et al., 2016), with low
funding to agricultural investigation (Feola et al., 2015). The threats of dynamism of climate in Nigeria
affect the entire agricultural sub-sector (livestock, crop production, agroforestry, agricultural products
processing) (Gwambene et al., 2019).

Globally, various countries are devising means to managing the danger caused by or worsened
by climate change. Insurance services are majorly utilized as medium to curtail this risk by individuals
and organizations across most developed nations. The use of insurance is gaining momentum in
emerging countries, particularly in emerging economies, although researchers are skeptical about the
potency of insurance in helping developing countries reduce the uncertainty of intense events, which
have such disastrous crash on national economies, citizen’s livelihood and development. This paper
considers the risk sharing and transmission know how of insurance as a way of addressing loss and
damage in developing countries particularly those vulnerable to climate change.

Several proposition for insurance instruments have been presented and discussed in the climate
intervention process. Recently, the Swiss Government strengthened previous requests by introducing a
multi-lateral adaptation fund that will be expended on prohibition and insurance. Therefore a good
management that provides incentives for risk control will encourage more farmers to acquire the climate
change adaptation measures beyond their reach. Insurance agencies can provide pecuniary reparations
for the risk victims to recuperate quickly from the disaster shocks. It is imperative for rural household
to adapt and adjust their mean of securing the necessities of life due to the threat of current and expected
climate variability. Elum et al. (2017) noted that the extent to which the negative consequences of
climate change are experienced are largely influenced by the proportion of adjustment in response to
climate change, which when absent, the consequences would be damaging to the agricultural sector, but
with adaptation, exposure can be significantly reduced. For significant adjustment and mitigation, it is
important for people to be aware and obtain necessary information on ways to addressing the challenge.
Accessibility to information by rural households will increase their awareness and adjustment capacity.
Information, the building block of knowledge is required for development (Weichselgartner and Pigeon,
2015).

The adaptation action that households undergo in responding to climate change hinge on the
level of awareness and utilization of insurance welfare which will in turn improve the source of income
of the farmers directly and indirectly. In doing that, decision making could help to manage risk resulting
from various climatic sources for better investments towards using the most promising climate
adaptation measures, thus achieving the best return for each naira spent. Individual farmers decision to
adapt to change in climate is determined by climatic forces enclosed within the farm household and
outer forces that impinge on the agricultural systems at large (Rajbhandari, 2015). Farmers because of
the climatic and agricultural threats are faced with taking analytical decisions about farming, financial
security and well-being that has long-term consequencies.
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Climate change adaptation approaches according to Altieri and Nicholls (2017 are those
techniques that the people used to cope with the various consequences climatic variation. Mase et al.
(2017) describe adaptation behaviors as those behaviors that minimize the susceptibility of human and
natural systems against predicted climate change effects. In agriculture, adaptation contributes to
farmers achieving food, income and livelihood security goals with changing climatic and socio-
economic conditions (Thornton et al., 2018). The climate change adaptation methods commonly used
include; intensification of irrigation, crop diversification, multiple/intercropping, agro-
forestry/afforestation, mulching, utilization of improved crop and livestock varieties that are suitable to
drier conditions, increased seed rate, crop diversification, crop rotation, tree planting, mixed farming
systems and alteration of planting dates.

Adaptation activities are considered more expensive to fund and need financial grant to set out,
which among the climate financing instrument is hardly taken (Henstra, 2016). However, some of the
reported challenges and factors affecting climate change adaptation include, access to weather
information, cooperative societies, credit facilities, extension services, education, processing and storage
facilities, age, sex, farm size, labour availability and poverty (Otum et al., 2019). Reports have exposed
that currently, developed countries are more committed to global warming mitigation than adaptation.
However, a complete climate finance program demands new instruments throughout the life of a project
to ensure that threats are minimized and open plausible investment opportunities that guarantees project
development, institutional and technical capacity, green/climate bonds and investment risk insurance
(Adepelu, 2018). The domestic financial sector including development finance institutions, private
banks, microcredit institutions and insurers are pivotal in developing permissive climate finance
framework for Nigeria.

The primary aim of agricultural insurance is to protect against economic fall from decrease in
predicted yields from agricultural products. Insurance has a wide coverage which includes farmers that
involved in crops, livestock, fisheries and forestry products production in commercial and other
insurance package. Policies, namely personal accident, fire, vehicles, machinery and public liability
covers that can safeguard the farmers for greater productivity are essential for complete agricultural
insurance program (Agbam, 2015). Agricultural insurance policies safeguard the farmer against
unpredicted circumstances by way of indemnification.

Agricultural insurance can assist in obtaining credit, because it boosts the financial strength of
farmers and other agents in the agricultural sector. To the degree that fiscal safety net for severe events
plays a unique role in minimizing the effects of climate change. Market-base for insurance fees can
communicate the inherent threat and assist farmers and governments better obtain and manage the fiscal
consequences of natural disasters. Farmers can also obtain incentive to adjust to change in climate by
actively engagng in agricultural insurance (example, by shifting from crops that are unviable in the
medium term as a result of climate change). However, any fee reduction program that falsifies the risk-
based premiums may communicate a wrong monetary incentives to farmers and hinder, or at least cause
lag in the adaptation strategies. There are various ways in which insurance welfare scheme can assist in
downsizing the consequences of climate change. Awareness of insurance welfare plays significant role
by way of absorbing the shocks of climate change and encourage adaptation decision.

Previous studies exist that have shown the significance of climate change on adaptation.
Essandoh-Yeddu (2018) studies in south west region of Nigeria asserted that climate change result to
severe reductions in farm harvest and income, streams/rivers drying up, loss of grassland /flora and
devastation of wildlife ecosystem. Limited studies exist for farm level adaptation systems in the
rainforest zones of Africa. Otum et al., (2019) in their review work addressed the limitations of
agricultural adaptation to climate change in Nigeria thus creating a gap for further empirical
methodology to the study of this issue. Onyenekwe, (2018) studied climate change adaptation techniques
by wetland farmers in the Niger Delta but did not covered insurance welfare as an issue. Ajala (2017)
emphasized that most of the work on climate modelling concentrated on increasing an understanding of
atmospheric changes and does not take cognizance of the type of constraints faced by farmers and no
data was obtained to guide agricultural decision makers.

Coster and Adeoti (2015) studied mitigation strategies to impact of climate change in Nigeria
and reported that age, monthly income; educational level and extension contacts influence climate
change mitigation. Similarly, Ali and Erenstein (2017) conducted a study in Ghana and stressed that it
is rather simple for rich farmers to adapt and manage changes in climatic variations than the poor who
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make up majority of farmers in Nigeria. Ndem and Osondu (2018) studied risk sources and management
strategies adopted by cassava farmers in Nigeria with no reference to insurance welfare awareness.
These have left some void in research to be filled especially in the aspect of carrying out a more
comprehensive study on insurance welfare awareness that will motivate adaptation decision of the
farmers. Zougmoré et al. (2016) discussed effect of climatic variation and adaptation schemes on
pastoralists, fishery and crop production in West Africa, but the study only reviewed literatures thus
creating a gap for further pragmatic approaches to the study of this subject.

It should be well-known that insurance welfare are known to improve farmers livelihood;
however, the details of these improvements, the level and speed of such changes are yet to be
documented, hence the synergy between agricultural insurance welfare and climate change adaptation
decision are not clearly stated and supported by empirical studies from Nigeria. There is, therefore, a
need to improve on such findings in a more quantitative manner especially with regards to the link
between agricultural insurance welfare and climate change adaptation decision for evidence based policy
making.

The intention of this investigation was to present some empirical evidence of the link between
agricultural insurance welfare and climate change adaptation decision in Edo State, Nigeria.

The specific goals are to :
i. ascertain the socio-economic characteristics of crop farmers
ii.  describe the level of awareness of climate change among farmers
iii.  ascertain farmers level of access to agricultural insurance welfare.
iv.  determine the effect of agricultural insurance welfare on climate change adaptation decision
v.  estimate factors influencing farmers climate change adaptation decision
vi.  identify adaptation measures that can help farmers reduce climate change effects
vii.  identify the major constraints militating against farming household in climate change
adaptation decision making
Research Hypothesis

Ho: There is no significant relationship between insurance welfare scheme and climate change

adaptation decision among farmers

Hi: There is significant relationship between insurance welfare scheme and climate change

adaptation decision among farmers

2. Materials and Methods
2.1. Area of study

The study was carried out in Edo State, Nigeria. It is situated in Latitude: 5.44°N and 7.34°N of the
Greenwich and Longitude: 5.4°E and 6.43°E covering about a total land area of 19,794km?with
3,218,332 people (National Population Commission, 2006). The State has a tropical climate ranging
from humid to sub-humid at different times in the year. Three distinct vegetation’s (mangrove forest,
fresh swamp and savannah vegetation) exist in the State. The average annual rainfall ranges between
127-152 cm and 252-254 cm in the State respectively, with normal temperature of 24°C - 33°C. Farming
(predominantly small farm holders) is the major occupation, followed by trading, arts and crafts,
brewing, cottage industry, and rubber processing and trading in the state.

2.2. Sampling technique and data collection

Multistage procedures were applied in the selection of the farmers for the investigation with the
aid of questionnaire. The first stage was the purposive inclusion of the three agro-ecological zones of
the State, namely, Edo South, Edo Central and Edo North to give have-wide coverage. Edo South zone
is made up of seven Local Government Areas (LGASs), Edo Central has five LGAs and Edo North has
six. This resulted to eighteen (18) LGAs. Secondly, eight, three and five communities were carefully
chosen from Edo South, Edo Central and Edo North agro-ecological zones proportionally based on
number of LGAs. Thirdly, the sample size of this study 192 was selected from 370 arable crop farmers
who were registered with insurance companies using Taro Yamane sampling method as demonstrated
below:
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_ N
n —W (1)

Where,

n=sample size

N=population of the study

e=error estimated at 5%
370

~ 1+370(0.05)2
370

n= —————
1+370(0.0025)2
370

T 1+0.925
_ 370

1925 _
n=192 approximately

2.3. Method of data analysis

Data collected were analyzed with descriptive and inferential statistics. Objectives (i), (iii), (vi)
and (vii) were achieved with descriptive statistics such as frequency, percentage, chart, line graphs,
mean and standard deviation. Objective ii was achieved using 3-point Likert rating scale. Objectives iv
and v were achieved using binary probit model.

2.4. Model Specification

i.  Probit model for insurance welfare determinants
Since access to agricultural insurance welfare was obtained from a discrete choice question with Yes =
(1) if insurance welfare is accessible or No = (0) if insurance welfare is inaccessible, binary probit model
was engaged to achieve objective (4) determinants of access to insurance welfare in the study area.
The general form of the binary probit model is specified as:
Pr(Y=1/X)=Po+P1age+Pogender+Pzeducation+Pshouseholdsize+Psfexperience+Psfarmsize+p-farmearni
ng + Pecooperative membership. Bg income+pslandownership status +e -(1)
Where:
Y = dichotomous probability estimate with 1, if farmers have access to insurance welfare and O if
otherwise
fBo = intercept
B1,.. p10= coefficients of the independent variables
,,,,, Xi0= determinants of access to insurance welfare
e = stochastic error term.
Xi1= age of farmer (years)
X, = gender (dummy: male = 1, otherwise = 0)
X3 = educational level (years)
X = household size (number of persons)
Xs = years of farming
Xe = area of farm (hectare)
X7 = access to credit (dummy: access to credit = 1, otherwise = 0)
Xg = cooperative membership (dummy: membership of cooperative = 1, otherwise = 0)
Xg = income level (N)
Xi0 = land ownership status (rent = 1, partner =2, self-owned = 3)

ii.  Probit model for adaptation decision determinants
Since household decision to adapt to climate was obtained from a discrete question with Yes = (1) if
household decision to adjust to climatic changes is positive or 0 if otherwise, binary probit model was
employed to achieve objective (5) estimate factors influencing climate change adaptation decision in the
study area.
The explicit form of the binary probit model is specified as:
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Pr(Y=1/X)=Bo+Pirage+Pogender+Pseducation+pshouseholdsize+Psfexperience+Bsfarmsize+pzincome +
Bs credit access + Po extension contact + 1o cooperative membership +e 2
Where:

Y = dichotomous probability estimate with 1, if a farmer decide to adapt to climate change and O if
otherwise

o = intercept

B1,.. p10= coefficients of the independent variables

,,,,, Xio= determinants of climate change adaptation decision making

e = stochastic error term.

Xi1= age of farmer (years)

Xz = gender (dummy: male = 1, otherwise = Q)

X3 = educational level (years)

X = household size (number of persons)

Xs = farming experience (years)

Xe = farm size (hectare)

Xz =income level (N)

Xg = access to credit (dummy: access to credit = 1, otherwise = 0)

Xg= extension contact (number)

X10= cooperative membership (dummy: membership of cooperative = 1, otherwise = 0)

3. Results
3.1. Socioeconomic Profile of Farmers

Table 1 presents the socioeconomic attributes of the respondents in the study area. The age
distribution of the farmers showed that majority (42.7%) of them fell within 31- 40 years age bracket.
This was followed by 40.6% representing farmers between 41-50 years age brackets. 14.6% of them fell
within 51-60 years age bracket. Only 1% of the respondents were between 21-30 years and above 60
years respectively. The average age of the farmer computed was 43years. This is productive and active
age. Farmers in this age category could be highly innovative and adoptive. They can take appropriate
measures that mitigate the negative impact of climate change. This means that use of adaptation
measures increase with age. This is in agreement with the findings of Mase et al (2017) who opined that
age which goes with wisdom can positively influence the decision to use adaptation measures. Genders
of household revealed that majority (62%) of them were male while the remaining 39 % were female.
This indicated that majority farmers were male. High proportions (82.3 %) of them were married, 12.5
% of the respondents were single and about 3.6 % and 1.6 % were widowed and divorced respectively.
Majority (48 %) had family size of 1-5 persons, followed by 32 % of them who had family size of 6-10
persons while 13% and 2% had 16-20 persons and about 2.1 % had household size of 21 and above. The
mean family size was 7 persons. The result disclosed that 8.3% of the sampled farmers had no formal
education, while the remaining 91.7% were schooled at varying degrees. Out of this 91.7% that had
formal education, about 32.3% of them attended primary school, 49% attended secondary school while
10.4 % had higher education. Years spent on farming indicate that 53% of them had 1 to 10 years’
experience. This was closely followed by 26% of the respondents who had between 11 to 20 years of
farming experience. Moreover, 12% of them had farming experience of 21 to 30 years while 5% and 4
% of them had 31 to 40 years’ experience and above 40 years farming experience respectively. The
average year of farming experience was 14 years (Table 1). The result showed that 89.6 % of them
cultivated farm size between 1.1 to 2.0 hectare(s) of land, followed by 7.3 % of farmers that cultivated
farm size of 1ha and below. Only about 3.1 % of them cultivated farm size of 2.1 to 3.0 hectares. The
average cultivated farm size was 1.52 hectares. Approximately 59% of farmers as found out in this study
had an annual income level of less than N100 000. This was followed by 15.6 % of them that earned
between M100 000 to M200 000 as well as another group (15.6 %) earning above N400 000 per annum
respectively. Moreover, 5 % of the farmers had income level between N 201,000 to N300 000 annually
and about 4 % of farmers had annual income level between =N 301,000 to =N400 000. The mean per
annum income level was N274 724. The result on Cooperative society status showed that 77 % of them
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do not belong to any cooperative society. Only 23 % of them actually belong to cooperative societies.
Majority (66%) of them have no access to credit and only 34 % of them had access to credit.

Table 1. Socio-Economic Characteristics of Respondents (Field data, 2018).

Variables Frequency Y%age (%) Mean
Age(years)

21-30 2 1.0

31-40 82 42.7 43years
41-50 78 40.6

51-60 28 14.6

Above 60 2 1.0

Total 192 100.0

Gender

Female 74 385

Male 118 61.5

Total 192 100.0

Marital status

Married 158 82.3

Singled 24 125

Divorced 3 1.6

Widowed 7 3.6

Total 192 100.0

Household size

1-5 92 479

6-10 62 323

11-15 24 125 7 persons
16-20 10 5.2

21 and Above 4 2.1

Total 192 100.0

Level of Education

No formal Education 16 8.3

Primary School Edu 62 32.3

Secondary school Edu 94 49.0 Secondary education
Tertiary Institution 20 10.4

Total 192 100.0

Experience

1-10 102 53.1

11-20 50 26.0

21-30 22 115 14 years
31-40 10 5.2

Above 40 8 4.2

Total 192 100.0

Farm

Size Cultivated (ha)

1ha and below 14 7.3

1.1-2.0 172 89.6

2.1-3.0 6 3.1 1.52 ha
Total 100.0

Income Level (N)

< 100,000 114 59.4

100,000 -200,000 30 15.6

201,000 - 300,000 10 5.2

301,000 - 400,000 8 4.2 274,724
>400,000 30 15.6

Total 192 100.0

Cooperative Society

No 148 77.1

Yes 44 229

Total 192 100.0

Access to Credit

No 126 65.6

Yes 66 344

Total 192 100.0

3.2. Level of climate change awareness by the respondents

Farmer’s adjustment to climatic variation is subject to awareness of the threats of occurrence.
Table 2 introduced some indices of levels of consciousness of climate change among farmers in Edo
State Nigeria. Two (2) (Unpredictable rainfall patterns (2.02) and increased flooding /erosion menace
(2.13) out of Six (6) identified indicators of climate change showed an increased level of awareness on
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a 3- point rating scale. The result further showed that the remaining four (4) indicators had average
values that ranged between 1.79- 1.93 indicating farmers poor awareness. These indicators include rise
in temperature (1.79), progressive disappearance of the usual harmattan periods (1.93), shortened
duration season (1.80) and increased post-harvest deterioration of crop (1.84).

Table 2. Mean Awareness of Climate Change Occurrence on Farming activities (Field data, 2018).

S/N  Indicators of Climate change (awareness level) X SD

1 Unpredictable rainfall patterns 2.0208 ** 0.78108
2 Rise in temperature 1.7917 * 0.73866
3 Progressive disappearance of the usual harmattan periods 1.9271 * 0.83659
4 Increase Flooding / Erosion menace 2.1250 ** 0.83659
5 Shortened duration of growing season 1.8021 * 0.78967
6 Increased post-harvest deterioration of crops 1.8438 * 0.85012

High Awareness **, Low Awareness *
3.3. Level of Access of Agricultural Insurance welfare

Table 3 showed the percentage distribution of accessibility to agricultural insurance welfare by
the respondents. From the result, majority (76.0 %) of them had low level of access of agricultural
insurance welfare, followed by 17.7% farmers with moderate level of access of agricultural Insurance
welfare. Only about 6 .3% of them had high access to agricultural insurance welfare.

Table 3. Level of Access to Agricultural Insurance welfare ( Field data, 2018).

Variables Frequency Y%age (%)
Low Access 146 76.0
Moderate Access 34 17.7

High Access 12 6.3

Total 192 100

3.4. Socioeconomic determinants of access to insurance welfare on climate change adaptation
decision

The result of the binary probit model in Table 4 revealed that the coefficients of gender
negatively influence access to insurance welfare while educational level, farming experience, farm size,
cooperative membership , access to credit , income level and land ownership status positively influence
farmers access to insurance welfare at 1% and 5% probability level.

Table 4. Socioeconomic Determinants of Farmer's Access to Insurance Welfare on Climate change
Adaptation decision (Field data, 2018).

Variables Coefficient (B) Std. Error Z-score Marginal Effects (dy/dx)
Age(Years) 0.0150387 0.0166054 0.91 0.0021791
Gender -1.15182 0.4600628 -2.50 -0.1668958
education level 1.225467 0.2986428 4.10%** 0.1775671
Experience (years) 0.1290455 0.0383848 3.36*** 0.0186984
Household Size 0.1375523 0.0925361 1.49 0.019931
Farm size(Ha) 0.2324224 0.099857 2.33** 0.0622166
Cooperative membership 3.100247 0.6246581 4,96*** 0.4492182
Access to credit 1.570233 0.3123053 3.13%** 0.2275229
Land ownership status 1.024368 0.2361931 4.34%** 0.1484284
Income level 0.0000337 0.0000103 3.26%** 4.88e-06
Constant 2.762386 1.948298 1.42

*** and ** = Significant at 1% and 5% probability level respectively. LR Chi (10) = 161.22, Prob>chi? = 0.0000, Pseudo R? = 0.6596.

3.5. Socioeconomic Determinants of Farmer’s Adaptation Decision

The result of the binary probit model in Table 5 revealed that the coefficients of gender,
educational level, farming experience, farm size, income and extension contact positively influence
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farmer’s adaptation decision to insurance welfare at 5% probability level. Gender had negative
relationship with farmers adaptation decision at 5% probability level.

Table 5. Socioeconomic Determinants of Farmer’s Adaptation Decision (Field data, 2018).

Variables Coefficient (B) Std. Error Z-score Marginal Effects (dy/dx)
Age(Years) 0.0140083 0.0124877 1.12 0.0035484
Gender 1.753998 0.4302541 4.08*** 0.4442993
education level 0.4013362 0.1597793 2.51** 0.1016611
Experience (years) 0.0067707 0.0216234 0.31 0.0017151
Household Size 0.2123918 0.0737397 2.88** 0.0538509
Farm size(Ha) 0.0244824 0.0706713 0.35 0.0062016
Income level 0.0000321 7.60e-06 4,23%** 8.14e-06
Extension contact 0.7626136 0.1659998 4.59*** 0.1931751
Access to credit 0.6606875 0.281114 2.35** 0.1673566
Cooperative membership 0.9113041 0.3233035 2.82%* 0.2308394
Constant 0.5597486 1.430857 0.39

*** and ** = Significant at 1% and 5% probability level respectively. LR Chi (10) = 138.46, Prob>chi? = 0.0000, Pseudo R? = 0.5309.

3.6. Adaptation Measures Adopted by the Respondents

The result in Table 6 disclosed that majority of the respondents (49.5 %) were involved in the
adaptation measures of multiple cropping system with frequency of 95 respondents, this was followed
by 46.9 % of farmers that were involved in mulching, 45.8 % planting of cover cropping. About 42.7 %
applied of organic manure, 39.1 % of them adopted planting of early maturing crop varieties. The rest
of the farmers applied these adaptation measures; planting of early maturing crop varieties, planting
crops that are not susceptible to pest and disease attack, planting of drought tolerant crop varieties,
changing crop harvesting dates, planting of trees and the least was irrigation method at 39.1%, 37.0 %,
35.9 %, 33.9%, 31.3 % and 13.0 % respectively.

Table 6. Adaptations Measures Adopted by Respondents (Field data, 2018).

Variables Frequency Y%age (%)
Irrigation 25 13.0
Multiple Cropping 95 495
Planting of trees 60 31.3
Planting of Cover crops 88 45.8
Mulching 90 46.9
Planting of early maturing crop varieties 75 39.1
Changing Crop harvesting dates 65 33.9
Planting drought tolerant crop varieties 69 35.9
Organic manure 82 42.7
Planting pest and disease resistant crops 71 37.0

3.7. Constraints Confronted by Respondents

Majority (50.5 %) of the farmers in Table 7 had poor access to source of information on
insurance welfare. This implies that adaptation decision could be hampered due to lack of information.
44.8 % them were faced with lack of access to weather forecast technology while 44.3 % lacked access
to credit, 41.1 % had challenge of tedious nature of climate change adaptation activities, 40.6 % were
faced with low income level, 37.5 % of them had poor access to land and farm capital, 31.8 % farmers
had distance of resident to farm as a constraint 30.2 % of them had constraints on low technical know-
how in handling mechanized and technical duties in the farm and 27.6 % of them had constraints of
unwillingness to take farming risks to adapt while 18.2 % of them were faced with the challenge of
illiteracy.
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Table 7. Constraints Confronted by Respondents (Field data, 2018).

Variables Frequency %age
Poor access to source of information 97 50.5
Lack of access to weather forecast technology 86 44.8
Illiteracy 35 18.2
Distance of resident to farm 61 31.8
Low income 78 40.6
Lack of access to credit 85 44.3
Poor access to land and farm capital 72 37.5
Tedious nature of climate change adaptation activities 79 41.1
Low technical Know-how in handling mechanized and technical 58 30.2
duties in the farm.

Unwillingness to take farming risks to adapt 53 27.6

3.8. Research hypothesis

The result of the correlation analysis in Table 8 showed that there is significant relationship
between climate change adaptation decision and access of insurance welfare by the farmers (r=0.997) at
5 % level.

Table 8. Estimation of the contribution of climate change to insurance welfare access (Field data, 2018).

Climate change adaptation Insurance welfare access
Climate change adaptation 1 000 0.997
Insurance welfare awareness 0.997 1000

4. Discussion and Conclusion
4.1. Discussion

The result in Table 1 on the age distribution of the farmers showed that majority (42.7%) of
them fell within 31- 40 years age bracket. The average age of the farmer computed was 43years. This is
productive and active age. Farmers in this age category could be highly innovative and adoptive. They
can take appropriate measures that mitigate the negative impact of climate change. Genders of household
revealed that majority (62%) of them were male. This could be attributable to the tedious nature of
managing climate change adaptation measures and financial implications involved. This indicated that
household heads had to earn off farm income as adaptation strategy. This could supplement dwindling
farm incomes that result from drastic changes of the .climate.

The results of marital status showed that majority of farmers were married. Majority (48%) had
family size of 1-5 persons with mean family size was 7 persons. This suggests with the large family size
as a matter of necessity, had to adopt more coping schemes to contend with the impacts of climate
change. The result of educational attainment disclosed that the respondents were educated which could
enhance right choice making of appropriate strategy that could aid access to insurance welfare and
climate change adaptation decision. By implication it would have been expected to ease access to
insurance welfare for climate change adaptation decision among the respondents because of their
educational level. Years spent on farming indicate that 53% of them had 1 to 10 years’ experience with
average farming experience of 14 years. This was a fairly high level experience and respondents could
be aware of seasonal variations that are associated with climate change. With this experience, farmers
could also be in a good position to choose the most appropriate coping strategy against climate change.

The result of farm size showed that majority of them cultivated farm size between 1.1 to 2.0
hectare(s) of land with average farm size was 1.52 hectares. This could be explained by the fact that
they are smallholder farmers. The result of income level showed that majority of farmers had an annual
income level of less than M100 000 with mean per annum income level of N274 724. The result on
Cooperative society status showed that 77% of them do not belong to any cooperative society. Belonging
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to a cooperative society could have assisted the respondents in accessing credit and useful information
to ease adaptation decision. Majority (66%) of them have no access to credit. Access to credit reduces
inefficiency as it enables farmers to adopt the better climate change adaptation measures. This infers
that the respondents need the insurance welfare scheme for improved production.

The result in Table 2 on awareness of climate change indicators such as rise in temperature,
progressive disappearance of the usual Harmattan periods, shortened duration of growing season and
increased post-harvest deterioration of crops had a mean rank score of less than 2.0 implying that
awareness level was low.

Table 3 showed that majority (76.0%) of them had low level of access of agricultural insurance
welfare. Its implication is that the respondents had a high rate of non-accessibility to insurance welfare
provision that could affect their adaptation decisions.

The result of the binary probit model showed a pseudo R? value of 0.6596) as captured in Table
4. This indicated that the estimated independent variables explain about 66% variation in farmer’s access
to agricultural insurance welfare on climate change adaptation decision phenomenon. The prob> chi?
(161.22) showed a positive goodness of fit. The parameter measure of the probit model only provided
the order of influence of the explanatory variables on farmer’s access to insurance welfare on climate
change adaptation decision and did not show the actual degree of change in the coefficients. Thus, the
significant effects (dy/dx) from the probit model, which gives an estimate of the predicted change in the
rate of access to insurance welfare on climate change adaptation decision with respect to a unit change
in an independent variable was also presented in Table 4.

The coefficient of gender was negative and significant at 5% level. This implies that the chances
of the farmers in accessing insurance welfare decrease with gender. This suggests that the males more
likely to have access to insurance welfare than their female counterparts. This is not surprising because
the male has more assets to guarantee credit access from financial institutions.

Educational level (Edu) of the farmers was beneficial and greatly linked to access to insurance
welfare to climate change adaptation decision. Educated people as reported by Marr et al. (2016) might
be more successful in accessing insurance welfare that aid adaptation decision. The result of the marginal
effect on educational level implied that additional units in educational level will yield 0.1775671
increased in probability of having access to insurance welfare on climate change adaptation decision.

Farming experience (Exprien) was positive and is notably connected to farmer’s access to
insurance welfare on climate change adaptation decision. The result of the marginal impact showed that
a unit rise in farming experience will lead to an increase in rate of gaining access to insurance welfare
on climate change adaptation decision by 0.0186984. Sagib et al. (2016) reported in their study that
farming experience plays an important role in enhancing access to insurance welfare. Farm size (fs) was
positive and extremely connected with access to insurance welfare on climate change adjustment
decision at 5%. In other words, farmers with more farm sizes are likely to have access to insurance
welfare on climate change adaptation decision than farmers with small farm holdings. Kumari et al.
(2017) reported similar findings. The outcome of marginal consequences on farm size shows that a one-
unit rise in farm holdings would induce a 0.0622166 rise in the rate of access to insurance welfare on
climate change adaptation decision.

Co-operative society membership (cosoc) was significantly and positively correlated to the
probability of having access to insurance welfare on climate change adaptation decision at 5%
probability level. This suggests that those who belong to cooperative society are likely to have access to
information on insurance welfare on climate change adaptation decision. Duncan et al. (2017) reported
that membership of cooperative society had easier access to insurance than those who did not belong.
The outcome of the marginal effects shows that a unit rise in cooperative membership will enhance the
rate of access to insurance welfare on climate change adaptation decision by 0.4492182. Access to credit
(acred) was beneficial at 1% and positively linked to insurance welfare on climate change adaptation
decision, implying that a rise in accessing credit will induce a corresponding rise in insurance welfare
utilization on climate change adaptation decision. Cole et al. (2017) opined that through access to credit,
farmers can easily offset expenses accruing from hired labour and inputs procurement in adopting certain
coping mechanisms to climate change challenges in their farms. The result of the marginal effect showed
that a unit increase in access to credit will increase in probability of taking adaptation decision on climate
change by 0.2275229. However, access to credit had more effect on access to insurance welfare by the
farmers.
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Similarly, the result further shows that land ownership status has right positive relation with
access to insurance welfare and the variable is statistically significant at 1% level. Hence, land
ownership status is an important factor in accessing insurance welfare because it is a symbol of higher
social status in the society which also helps in getting credits from financial institutions. The result of
the marginal effect shows that a unit increase in land ownership status will increase in probability of
accessing insurance welfare by 0.1484284. The coefficient of income level was significant with positive
marginal effect in explaining farmers’ access to insurance welfare. Result implies that a rise in income
level of farmers will give rise to a positive contribution towards farmers’ access to insurance welfare to
adopt climate change adaptation measures.

The result of the probit model in Table 5 revealed a pseudo R? value of 0.5309, indicating that
the captured independent variables accounts for about 53% variation in farmer’s adaptation decision.
The result of prob> chi? (0.138.46) specifies that the overall goodness of fit was significant. Gender,
household size, educational level, income level, access to credit, extension contact and cooperative
membership were parameters that significantly impacted the decision on whether or not to adapt. The
coefficient of gender was negative and significant at 1% level. This implies that the males are more
likely to adapt to the effect of climate change than their female counterparts. This findings support
Mwalukasa et al. (2018) who noted that male-headed households were 18 % more likely to adapt to
climate change. This result was contradicted by some studies which also imply that women, compared
with men, display a higher degree of both engagement and competence in adapting to climate change
(Adams, 2016; Braun et al., 2018).

The coefficient of household size (hhs) was positive and significant at 5% probability level
agreed with the decision to adapt climate change. A unit rise in household size of the farmers will have
a substantial impact of increasing the proportion of obtaining additional adaptation schemes by
0.0538509. This further shows that larger households have higher demand for insurance welfare to
increase agricultural productivity through climate change adaptation decision.

The coefficient of educational level (edu) was positive and significant at 5% probability level
agreed with the decision to adapt climate change. A unit rise in educational level of the farmers will
have a substantial impact of increasing the proportion of obtaining additional adaptation schemes by
0.1732378. This result was supported by Ndamani and Natanabe (2016) who postulated that educational
level of respondents determine their ability to make useful decisions in the face of challenges posed by
climate change.

The outcome of the marginal impacts indicated that a unit rise in the income of farmers will
cause an increase in the rate of taking positive decision to adapt to climate change by 8.14e-06. Increase
in farmer’s income increases their adaptive capacity to adjust with dynamism in climatic conditions by
adopting various adjustment schemes. This result is congruent with Bahinipati and Venkatachalam
(2015) findings that income of farmers is positively related to their livelihood capabilities. The
coefficient of extension contact was positive and statistically significant at 1% level. This implies that
the more contacts the respondents accessed extension agents, the decision to adopt adaptation measures
becomes easier. This is in consonance with Belay et al., (2017) findings that number of extension
contacts farmers had with extension agent has direct link with adaptation decision.

Access to credit (acred) was beneficial at 5% and positively linked to climate change adaptation
decision, implying that a rise in accessing credit will induce a corresponding rise in climate change
adaptation decision. Cole et al. (2017) opined that through access to credit, farmers can adopt certain
coping mechanisms to climate change challenges in their farms. The result of the marginal effect showed
that a unit increase in access to credit will increase in probability of taking adaptation decision on climate
change by 0.1673566. However, income level had more effect on climate change adaptation decision
by the farmers.

The coefficient of cooperative society membership was positive and significant. This suggests
that farmers who belong to farmers’ cooperative have a higher to access insurance welfare to carry out
the climate change adaptation measures. The outcome of the marginal impacts indicated that a unit rise
in extension contact with farmers will cause an increase in the rate of taking positive decision to adapt
to climate change by 0.2308394. However, extension contact had the greater impact on the decision to
adopt adaptation measures by the farmers.

The major adaptation measures used by the farmers were multiple cropping system, mulching,
planting of cover cropping, application of organic manure and planting of early maturing crop varieties.
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It was practice adopted to reduce soil water loss. This supports the findings of Okoroh et al. (2016),
which stated that the main climate change effect experienced by farmers were flooding, soil erosion,
decrease in soil fertility etc. The results also revealed that the most effective method adopted by farmers
in cushioning the effect of climate change were mulching, constant weeding, use of organic manure etc.
The major constraints militating against the farmers were poor access to source of information, lack of
access to weather forecast technology, lack of access to credit and the least were illiteracy and
unwillingness to take farming risks to adapt. This implies that adaptation decision could be hampered
due to lack of information.

To ascertain if there was no significant relationship between insurance welfare scheme and
climate change adaptation decision among farmers correlation analysis test was conducted. The result
of the correlation analysis showed that there is significant relationship between climate change
adaptation decision and access of insurance welfare by the farmers (r=0.997) at 5% level. The reason
might be postulated by the fact that the resultant effects of climate change is always detrimental which
pushed the farmers to seek for insurance welfare scheme that can help to reduce their shocks in the farm.

4.2. Conclusion

The study had showed that farmer’s access to insurance welfare is very low and this will
drastically affect the decision to utilize adaptation methods that are capital intensive. The restrained
access to insurance welfare causes farmers especially the vulnerable to unpredicted revenue distress,
particularly from adverse weather condition. They often minimize their earning shock by varying and
selecting low-risk activities or technology, which usually have low average proceeds. The provision of
insurance welfare will encourage continuity in farming business. Information is the key to power as
saying goes. They also lack adaptation information in the study area. Hence the need to insure farms
and benefits from insurance agencies become neccessary. It is recommended that Government should
make provision for insurance welfare package for farmers for greater productivity. Agricultural
production and productivity cannot be maximize without a substantial increased access to extension
advice by farmers at all category to assist in dissemination of awareness of agricultural insurance welfare
and adaptation measures on climate change and training on climate adaptation in Edo State.
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the use of certified seeds, it is desired to obtain quality wheat production and
contribute to the development of the grain industry. In the study, producers'
opinions on certified seed use were examined in terms of socio-economic variables.

Keywords As a research area, Ankara province, where certified seed use is common

(approximately 20%), was chosen. Land size was taken into account in determining
Ankara, the sampling volume. The primary data of the study were collected by questionnaire
Productivity, method from 318 manufacturers. Secondary data was obtained from agricultural
Socio-economic factors, organizations. According to the results of the research, the rate of adoption of
Wheat production certified wheat seed was determined as 58.7%. 90.6% of the producers stated that

the seed support given was not sufficient and 88.7% of the seed prices were high.
The rate of producers stating that there are suitable alternative seed varieties in the
research area is 83.6%. It has been determined that the training level of the
producers has a significant impact (p <0.05) on the adequacy of the supports and
their opinions on seed prices. The producer's residence and income levels have had
a significant (p <0.05) effect on alternative seed selection. As a result, it has been
concluded that certified seed support provided by the Ministry of Agriculture and
Forestry affects quality seed use, increase in gross production value and decrease
in production costs.

Bugday Ureticilerinin Sertifikali Tohum Kullanimina Etki Eden Sosyo-Ekonomik
Ozelliklerin incelenmesi: Ankara ili Ornegi

Makale Bilgileri Oz: Bu galismanin amac, sertifikali tohum kullanimma etki eden sosyo-ekonomik
) faktorlerin belirlenmesidir. Bu faktorlerin belirlenmesi ile ciftcilerin gelir
Gelis: 27.11.2019 diizeyinin ve dolaysiyla refahinin yikseltilmesi amaglanmaktadir. Ayrica,
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sertifikali tohum kullanimin arttirilmasiyla kaliteli bugday tiretiminin elde edilmesi
ve hububat sanayinin gelismesine katki saglamasi istenmektedir. Calismada,
iireticilerin  sertifikali tohum kullanimma iliskin goriisleri sosyo-ekonomik

Anahtar kelimeler degiskenler bakimindan incelenmistir. Arastirma alani olarak, sertifikali tohum

kullanimm yaygin oldugu (yaklastk %20) Ankara ili secilmistir. Ornekleme
Ankara, hacminin belirlenmesinde arazi genisligi dikkate alinmistir. Calismanin birincil
Verimlilik, verileri 318 iireticiden anket yontemi ile toplanmustir. Ikincil veriler tarimsal
Sosyo-elﬁonc?m?k faktorler, kuruluslardan saglanmistir. Aragtirma sonuglarina gore, sertifikali bugday
Bugday iiretimi tohumunun benimsenme orani %58.7 olarak belirlenmistir. Ureticilerin %90.6’s1
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verilen tohum desteginin yeterli olmadigini, %88.7’sinin ise tohum fiyatlarinin
yuksek oldugunu belirtmiglerdir. Arastirma alaninda uygun alternatif tohum
cesitlerinin oldugunu belirten iireticilerin oran1 %83.6’dir. Ureticilerin egitim
diizeyinin, desteklerin yeterliligi ve tohum fiyatlarina iliskin goriisleri iizerinde
onemli etkiye sahip (p<0.05) oldugu tespit edilmistir. Ureticinin ikamet yeri ve
gelir diizeyi, alternatif tohum sec¢imi Uzerinde 6énemli (p<0.05) bir etkiye sahip
bulunmustur. Sonug olarak, Tarim ve Orman Bakanlig1 tarafindan verilen sertifikali
tohum desteginin, kaliteli tohum kullanimina, gayrisafi tiretim degerindeki artisa
ve liretim masraflarindaki azalmaya etki yaptig1 sonucuna ulagilmgtir.

**This article was presented orally at AGROFOOD (20-21 June 2019) congress.

1. Introduction

Wheat is one of the basic nutrients in human nutrition. For this reason, it is ranked first among
the cultivated crops in terms of production. In Turkey, 23.4 million hectares of agricultural activity is
carried out. about 71% of these areas produce cereals. Among the grain cultivation areas, wheat ranks
first with a share of 69%. The quality of the wheat having a very large production rate in Turkey is still
not at the desired level. Wheat yield is 2630 ton/ha in Turkey and it is considerably below the world
average (3 400 ton/ha) (Anonymous, 2018).Therefore, the use of certified seeds is important in
increasing the quality and yield in wheat production. With the use of certified wheat seeds, the income
level of farmers can be increased. For this reason, certified seed use of farmers should be encouraged.
It has been known that to increase wheat yield is important to development of quality varieties, resistant
to adverse environmental conditions and with high yield (Sehirali and Ozgen, 2013). In another study,
efficient and high quality varieties are recommended for producers and the provision of seed production
is essential for sustainable grain production (Olgun et al., 2012). A large portion of wheat production in
Turkey is carried out in dry conditions. Therefore, wheat producer's agricultural production income is
lower than other producers (Cevher, 2015). The most basic way to increase the quality of wheat is to
use high quality seeds. In wheat production, seed costs ranges between 8.26% and 25.78% of total input
costs (Adanacioglu and Engindeniz, 2011). In Turkey, agricultural productivity is low, production is
carried out with high costs (Tugay, 2012). More products can be obtained with the use of certified seeds
(Kronstad, W.E., 1998; Bishaw et al., 2007; Tester and Langridge, 2010; Engin, 2015; Anonymous,
2017).

In terms of food safety, seed is an important factor in plant production. The nature of the seeds
used by the producers is important in the production, quality and efficiency increase (Yagdi et al., 2010).
Newly developed seeds are seen as an important innovation for small producers with limited resources
(Lanteri and Quagliotti, 1997; Hazneci and Ceyhan, 2017). When studies in other countries have
examined, for example; the use of certified seeds is one of the main factors in terms of efficiency in
wheat production, quality and raising farm income (Sofijanova et al., 2012). The use of certified seeds
is important for the development of the country's economy and for social welfare (Jaffee and Srivastava,
1994; Anonymous, 2001; Laurance et al., 2014). The average yield obtained from the use of certified
seeds in wheat production was determined to be 22.5% higher than non-certified seeds (Sofijanova et
al., 2012). In a study conducted in Nigeria, it was determined that the certified rice seed support given
to the producers increased the production by 18.5%. This has contributed to increased producer income,
quality certified seed access and rural poverty reduction (Awotide et al., 2011). Agricultural input prices
in Turkey are relatively high compared to other countries. This situation prevents small producers to
buy quality seeds (Aksoy et al., 2017). The availability of certified seed prices and informing producers
about the advantages of agricultural production can be significantly increased (Erdem and Yiicel, 2015).
Agricultural support policies should be given priority to the production and distribution of seed varieties
with high efficiency (Erdem, 2012).

Agricultural production has not reached the desired level of quality, due to changing agricultural
policies in Turkey. In this context, support policies can be directed taking into account the socio-
economic and farms characteristics of the producers (Kizilaslan, 2004; Ipekgioglu et al., 2014). Seed
production activities to increase the yield and quality in plant production is on the way to becoming an
important sector (Sahin et al., 2013). Producers should be informed about certified seed, fertilization
and spraying (Basaran and Engindeniz, 2015). In order to increase the adoption of newly developed
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varieties by producers, training and extension activities should be carried out regularly. It was also stated
that producers should be informed about the benefits of innovations (Kaynak and Boz, 2015). In another
study, it was found that 55% of neighbors and relatives, agriculture directorates and Agriculture
Chamber Presidencies were 10% effective in adopting agricultural innovations (Yuksel, 2009). It is
determined that the producers prefer the variety of their experiences and then apply to the seed dealers
(Adalioglu et al., 2017). If the work of dissemination organizations is in line with agricultural policies,
adoption of extension proposals will be more effective. (Boyaci and Yildiz, 2014). In another study, it
is determined that the decisions taken in agricultural production vary according to market conditions,
farm or producer characteristics (Osteen et al., 2012). It was determined that the experience of the
producers was more influential in the choice of varieties, followed by seed dealers (Adalioglu et al.,
2017).

Producers in Turkey have been supported since 2004 for the use of certified wheat seeds.
However, there are a few studies to measure the results of the supports given by the government from a
numerical point of view. In this study, the effect of the supports given to the use of certified seeds on
the socio-economic status of the producer has been examined. In the study, the following research
guestions were sought; i) Do supports for certified seed use increase the production significantly? ii) Do
changes in productivity depends on the socio-economic characteristics of the producers?

2. Materials and Methods
2.1. The model

The research was carried out to determine the effect of the producers' socio-economic
characteristics on certified seed use. The socioeconomic variables discussed in the study show parallels
with the previous studies on this subject in terms of variables. (La Due et al., 1991; Hennessy and
O'Brien, 2008). These variables include age, education level, residence status of the producer,
membership status of off-farm income, farm income and agricultural institutions.

2.2. Data and sampling

The main material of the study consisted of the data obtained from the producers used certified
wheat seeds and received government supports in Ankara. Ankara is one of Turkey's leading province
in terms of crop production. The most important plant produced in the field agriculture is wheat. The
most important use of certified seeds of wheat stock and most of the provinces in Turkey beginning
comes Ankara. In addition, Ankara province has been selected because it is the location of certified
wheat seed companies and General Directorate of Agricultural Enterprises (TIGEM), as well as the
presence of research institutes where wheat breeding works are most common. The stratified sampling
method was used in the study because of the fact that the land size is not homogeneous and the number
of the districts is represented in the study. The formula given below is used to determine the sample size
(YYamane, 2001).

n, _ S, 1)
ZNhSh

The number of farmers who would be interviewed was set to 318 as a result of the calculation.
Sample size was determined to be 318 farmers (60 in Bala, 45 in Gélbasi, 52 in Haymana, 149 in Polatli,
and 12 in Sereflikoghisar). The survey was conducted through face-to-face interviews between October
and November 2018.

2.3. Data and variables

The variables used in the study are given in Table 1 with their definitions. These variables are
the most likely to affect certified seed use and support utilization (Cevher and Altunkaynak, 2019).
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Table 1. Variables and their descriptions

Variable Defination

Producers’ education 1=Primary, 2=Middleschool, 3=High school, 4=University
Place of residence 1=Rural, 2=City

Off-farmincome 1=No, 0=Yes

Annual income status 1= low, 2=medium, 3=high

Insufficient amount of support 1=No, 0=Yes

Not enough certified seeds 1=No, 0=Yes

No better certified seeds 1=No, 0=Yes

Certified Seed expensive 1=No, 0=Yes

2.4. Data analysis

In this study, logistic regression analysis is planned. However, chi-square test was used due to
the absence of multicollinearity, linearity of independent variables and large sample size assumptions.
The effect of socio-economic variables on the opinions of producer concerning the certified seed was
investigated using chi-square test and p <0.05 were considered to be significant.

3. Results and Discussion

It was found that the producers using certified seed were 19.5% of primary school, 21.4% middle
school, 48.6% high school and 10.5% university graduates. According to these data, it can be said that
the level of education of the producers using certified seed is high. The producers living in rural areas
of 60.8% and 39.2% were living in the city center. It has been suggested that the rate of non-agricultural
producers is 54.8%.The ratio of low-income producers was 9.2%, in middle-income group 64.0% and
in high-income group 26.8%. According to these results, it can be said that the income level of the
producers and the non-agricultural income ratios are high. The amount of non-certified seed discarded
in dry wheat production under dry conditions was determined as 210 kg / ha to 300 kg / ha and an
average of 235 kg / ha. The amount of certified seed used after the support was changed from 170 kg /
ha to 250 kg / ha and it was found to be 210 kg / ha. In the production in irrigated area conditions, 230
kg / ha seed was used before the support and this amount decreased to 198 kg/ha after support. Thus,
the use of seed in dry conditions after the use of certified seed decreased by 25 kg / ha and in irrigated
conditions by 32 kg / ha. According to these results obtained, certified seed support and dissemination
studies by private sector are effective in reducing the amount of seed used.

Grain producers are one of the sectors that should be supported due to their gross production
values and socio-economic structures. Because the producers in this sector are disadvantaged (low gross
production value, period of breeding) compared to producers in other sectors producing plants.
Therefore, support policies should be determined according to the producer characteristics in this sector.
In this context, the comparison of the socio-economic characteristics of producers with the adequacy of
certified seed support, the amount of certified seeds, alternative seed availability and the price of seeds
was analyzed statistically. The results of this research are given in the tables 2, 3, 4 and 5.

As seen in Table 2, the majority of producers (90.6%) stated that the supports were insufficient.
Those who stated that their support was insufficient were at most (98.5%) secondary education level. It
is determined that producers that do not have non-agricultural income want more support than non-
agricultural producers. 95.2% of the middle income producers in terms of income level said the supports
were insufficient. Different results were obtained from similar studies. In one study, 80% of the
producers stated that the certified seed prices were high. Therefore, seed support should be increased
and it is concluded that producers are informed about the benefits of seed (Balabanli, 2016). The
producers stated that the certified seed supports were very low and that the seed supports supplied
accounted for 20% of the total seed price (Daldal, 2016). In another study, it was concluded that the first
factor that the producers preferred in seed selection was yield (21.31%) and then seed price (18.69)
(Adalioglu et al., 2017). In a study by Banerjee et al. (2007), it was stated that the second most important
factor affecting seed preferences was seed prices. When the answers in terms of socio-economic
variables were examined, the relationship between certified seed support and education and non-
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agricultural income was found to be statistically significant (p <0.05). The insufficient visibility of the
support given by the middle or high school graduates is higher than that of the primary school or
university graduates. While 90.6% of the secondary school graduates found the support given as
insufficient, this rate was 75.8% for university graduates. In the studies on education, it is not possible
to use technology in a functional way without knowing the effects of innovation on society and the view
of society on innovation. In a study on education, it has been determined that technological innovations
should be adopted by individuals and used in innovation production (Kiliger, 2008). According to
Rogers, early majority of the novelty of innovation is more important than the late majority of the feature
(Rogers, 2003). In another study, it was found that when the education level of producers is low,
communication with public institutions and organizations is weak and communication with private
agricultural consultants is stronger (Balbay, 2014). Education was found to be important among the
factors affecting the adoption of new technologies applications and the achievement of different sources
of information (Mittal and Mehar, 2016). It was determined that the level of education in the farms,
access to information, positive environmental attitudes, environmental awareness and use of social
networks are related to adoption rates (Prokopy et al., 2008). The level of education in the field research
has been found to be effective on behavior change (Rogers, 1983; Demir, 2009). Field variables
allocated to education and seed production were determined as important variables determining the
efficiency of wheat seed production. In the organization of producer training and extension programs, it
has been determined that the target group can be well-known and the need analysis is done well, and the
efficiency of training and extension studies can be increased (Hazneci and Ceyhan, 2017).

Table 2. The effects of socio-economic characteristics on opinions of producers used comparison of
certified seed supports

Insufficient amount of support

Variable Defination No Yes Total 12
Producers’ education  Primary 12 (19.7) 49 (80.3) 61 23.42™
Middleschool 1(1.5) 66 (98.5) 67
High school 9 (5.7) 148 (94.3) 157
University 8 (24.2) 25 (75.8) 33
Place of residence Rural 21 (10.8) 174 (89.2) 191 1.05
City 9(7.3) 114 (92.7) 123
Off-farmincome No 11 (6.2) 166 (93.8) 177 4.84"
Yes 19 (13.5) 122 (86.5) 141
Annual income status  Low 2 (6.9) 27 (93.1) 29 3.60
Medium 24 (11.7) 181 (88.3) 205
High 4 (4.8 80 (95.2) 84
Total 30 (9.4) 288 (90.6) 318

* p<0.05; ™ p<0.01; Values in brackets indicate percentages

Comparison of the opinions about the sufficiency of seed according to socio-economic
characteristics is given at Table 3. As shown in Table 3, the majority of producers (95%) stated that
there was enough seed. When the answers were examined in terms of socio-economic variables, the
relationship between the non-agricultural income status and opinions on seed adequacy was found to be
statistically significant (p <0.05). While 8.5% of non-agricultural producers stated that there was not
enough seed, this ratio was 2.3% in non-agricultural producers. The importance of agricultural
technology in increasing production and productivity can be realized when technologies that increase
efficiency are widely used and disseminated. In a previous study, non-farm farm income was found to
be effective in the adoption of agricultural technologies (Hailu et al., 2014). It has been determined that
producers engaged in sustainable agriculture have more farm income compared to traditional producers
(Comer et al., 1999). In another study, it was determined that the one-year increase in education level
led to an increase of 2.5% depending on the possibility of the producer turning to non-agricultural
income sources (Nazir et al., 2018).

The effect of socio-economic characteristics on views of alternative seed existence is shown in
Table 4. When the answers were examined in terms of socio-economic variables, statistically significant
relationships were found between the level of residence and income and the opinions about alternative
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seed presence (p <0.05). 26% of the inhabitants of the city were found to have no better seeds, whereas
this ratio was 10.3% for rural producers. 25% of the high-income producers stated that there was no
better seed, while in other producers this ratio was in the range of 13-14%. Different results have been
obtained in studies on having information about certified seed. In a study, it was found that 52.3% of
the producers in Burdur province and 69.3% in Isparta province used certified seed. In both provinces,
it is determined that producers do not have sufficient knowledge about certified seed use (Gl et al.,
2015). It was determined that the producers, who are in the effort to provide real efficiency in production,
increased their agricultural non-agricultural and agricultural activity revenues, and the willingness to
benefit from agricultural support policies increased (Topgu, 2008).

Table 3. Comparison of the opinions about the sufficiency of seed according to socio-economic
characteristics

Not enough certified seeds

Variable Defination No Yes Total x?
Producers’ Primary 59 (96.7) 2(3.3) 61 1.76
education Middleschool 63 (94.0) 4 (6.0) 67
High school 150 (95.5) 7 (4.5) 157
University 30 (90.9) 3(9.1) 33
Place of residence Rural 185 (94.9) 10 (5.1) 195 0.10
City 117 (95.1) 6 (4.9) 123
Off-farmincome No 173 (97.7) 4 (2.3) 177 6.42"
Yes 129 (91.5) 12 (8.5) 141
Annual income Low 26 (89.7) 3(10.3) 29 2.95
status Medium 194 (94.6) 11 (5.4) 205
High 82 (97.6) 2(2.4) 84
Total 302 (95.0) 16 (5.0) 318

* p<0.05; Values in brackets indicate percentages

Table 4. Comparison of opinions about alternative seed existence according to socio-conomic
characteristics.

No better certified seeds

Variable Defination No Yes Total 12
Producers’ education Primary 48 (78.7) 13 (21.3) 61 1.88
Middleschool 55 (82.1) 12 (17.9) 67
High school 135 (86.0) 22 (14.0) 157
University 28 (84.8) 5 (15.2) 33
Place of residence Rural 175 (89.7) 20 (10.3) 195 13.70™
City 91 (74.0) 32 (26.0) 123
Off-farmincome No 147 (83.1) 30 (16.9) 177 0.10
Yes 119 (84.4) 22 (15.6) 141
Annual income status Low 25 (86.2) 4 (13.8) 29 6.25"
Medium 178 (86.8) 27 (13.2) 205
High 63 (75.0) 21 (25.0) 84
Total 266 (83.6) 52 (16.4) 318

* p<0.05; ™ p<0.01; Values in brackets indicate percentages

The producers’opinions on certified seed prices are shown in Table 5. When the answers were
examined in terms of socio-economic variables, the relationship between education level and seed price
was found to be statistically significant (p <0.01). The university graduates consider the seed price to be
less expensive than other producers. While 92.5% of the secondary school graduates found the seed
price to be expensive, this rate was found to be 69.7% for university graduates. In a previous study on
education, it was determined that producers who received training and adopted new technologies gained
more rice yield per hectare. In another study on education, it was determined that the producers who
were trained in agricultural production had a high potential to increase productivity in production
(Nakano et al., 2018). The contribution of educated communities to agricultural development is high
(Abah and Betja, 2015).
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Table 5. Opinions of Producers on seed prices with respect to socio-economic

Certified Seed Expensiveness

Variable Defination No Yes Total 12
Producers’ education Primary 5(8.2) 56 (91.8) 61 13.63"
Middleschool 5(7.5) 62 (92.5) 67
High school 16 (10.2) 141 (89.8) 157
University 10 (30.3) 23 (69.7) 33
Place of residence Rural 17 (8.7) 178 (91.3) 195 3.40
City 19 (15.4) 104 (84.6) 123
Off-farmincome No 19 (10.7) 158 (89.3) 177 0.14
Yes 17 (12.1) 124 (87.9) 141
Annual income status Low 0 (0.0) 29 (100.0) 29 2.95
Medium 16 (7.8) 189 (92.2) 205
High 20 (23.8) 64 (76.2) 84
Total 36 (11.3) 282 (88.7) 318

** p<0.01; Values in brackets indicate percentages

4, Conclusion

Certified seed production and usage has increased steadily in recent years in Turkey. These
increases have played an important role in increasing wheat yield and quality. The increase in wheat
yield and quality has had a significant impact on producer, consumer and wheat industry. The majority
of the producers (90.6%) stated that the amount of support was insufficient and this was an obstacle to
the use of more certified seeds. Furthermoere, producers (88.7%) stated that certified seed prices were
high. In the research area, it has been determined that the amount of certified seed treated by public and
private sector institutions is sufficient. The producers (95%) stated that they did not have any problems
in obtaining certified seeds. In addition, it was found that there is no problem in finding alternative seed
in the research area. Education, non-agricultural income and producer's income level were found to be
important variables on the use of certified seeds. We conclude that the supports contribute to the
adoption of certified seed (58.7%), thus increase the use of certified seeds, and the gross production
value while reduce the production costs. Increasing the certified seed support will contribute to enhance
the yield and improve the quality of wheat. Providing the the support payments in planting period will
contribute to increasing the use of certified seeds.
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Oz: Karvakrol, kekik bitkisinin ucucu bilesenlerinden en cok calisilan fenolik
yapilt bir maddedir. Cevresel faktorlere bagli olarak stabilitesi azalan karvakrolii
daha stabil bir iirlin haline doniistiirmek i¢in enkapsiilasyon tekniginden
faydalanilabilmektedir. Bu ¢alismada gida, ziraat ve ilag endiistrisinde kullanimi
olan karvakroliin maya hiicreleri ile biyo-enkapsiile edilmesi ve karakterizasyonu
amaglanmigtir. Maya hiicrelerine 6n islem olarak plazmoliz islemi uygulanmig ve
hem plazmoliz olmus hem de olmamis hiicreler ile karvakrol enkapsile
edilmistir. Plazmolize olmus ve olmamis maya hiicrelerinde tutulan karvakrol
oranlar1 plazmolize olmus maya hiicresinde %80.79, plazmolize olmamis maya
hiicresinde ise %90.43 olarak tespit edilmistir. Enkapsiillerin toplam fenolik
madde miktarlar1 plazmolize olmus ve olmamis hiicre enkapsiilleri i¢in sirastyla
138.1 ve 146.8 mg GAE/g olarak belirlenmis ve maya enkapsiilleri icerisinde
plazmoliz olmamis enkapsiil (POE), plazmolize enkapsiile (PE) kiyasla daha
yiiksek antiradikal aktivite sergilemistir. Ayrica gergeklestirilen FTIR teknigi ile
karvakroliin maya hiicreleri tarafindan enkapsiilasyonu dogrulanmis ve taramali
elektron mikroskobu ile yapisal 6zellikleri belirlenmistir.
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Abstract: Carvacrol is the most studied phenolic substance, one of the essential
components of thyme. The encapsulation technique can be used to make more
stable carvacrol, which has decreased stability due to environmental factors. In
this study, it was aimed to encapsulate and characterize carvacrol, which is used
in the food, agriculture and pharmaceutical industry, with yeast cells. Yeast cells
were pretreated with plasmolysis and carvacrol was encapsulated with both
plasmolysed and non-plasmolysed cells. Carvacrol retained was 80.79% in the
plasmolysed yeast cells and it was 90.43% in the non-plasmolysed yeast cell. The
total amount of phenolic substances in the capsules was determined as to be 138.1
and 146.8 mg GAE/g for plasmolysed and non-plasmolysed yeast cells capsules
respectively and the non-plasmolysed yeast capsules exhibited higher antiradical
activity compared to the plasmolysed encapsules (PE). In addition, the
encapsulation of carvacrol by yeast cells was proved by FTIR technique and
structural properties were determined by scanning electron microscope.
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1. Giris

Ucucu yaglar, hidrodistilasyon, buhar distilasyon, kuru distilasyon veya uygun bir mekanik
islemle (Sangwan ve ark., 2001; Hiisnii ve ark., 2007) bitki ham maddesinden elde edilen ugucu ve yari
ucucu bilesiklerin kompleks karigimlaridir (Zuzarte ve Salgueiro, 2015; Husni ve ark., 2007).
Lamiaceae familyasi ugucu bilesikler ihtiva eden ¢ok ¢esitli aromatik otlar ile galilardan olusan ve
baslica esansiyel yaglari tasiyan bitki ailelerinden biridir (Nieto, 2017; Mamadalieva ve ark., 2017).
Lamiaceae familyasinin en 6nemli bitkilerinden olan kekik bitkisine ait Tiirkiye’de Thymus, Origanum,
Satureja, Tymbra ve Coridothymus isimli bes cins bulunmaktadir (Baser ve ark., 1994; Davis, 1982).
Bu cinslere ait bitkilerden elde edilen kekik esansiyel yaglari, timol ile bir monoterpenik fenol izomeri
olan karvakrol bakimindan olduk¢a zengindir (Baser, 2008).

Karvakrol monoterpenoid karakterde sivi bir fenolik maddedir. Karvakrol, lipofilik &zelliklere
ve oda sicakliginda (25 °C) 0.976 g/ml yogunluga sahip olup etanol, aseton ve dietil eterde ylksek
oranda ¢oziinmektedir. Bircok caligmada belirtildigi {izere bu bilesik, antibakteriyel ve antifungal
(Chavan ve Tupe, 2014; Du ve ark., 2008), antiviral (Gilling ve ark., 2014; Sanchez ve ark., 2015),
antioksidan (Aristatile ve ark., 2011; Guimardes ve ark., 2010; Milos ve Makota, 2012) ve
antikanserojen (Arunasree, 2010; Ozkan ve Erdogan, 2012) 0©zelliklere sahiptir. Aromasi ve
antimikrobiyal aktiviteleri nedeniyle, 6zellikle gida endiistrisi i¢in dogal bir gida koruyucusu olarak
bir¢ok ¢alismada 6nerilmistir (Solorzano-Santos ve Miranda-Novales, 2012; Karaman ve Sagdig, 2019).

Son zamanlarda, arastirmacilar yapisi ve besinsel yararlar nedeniyle kapsiilleme alaninda yeni
tasiyict materyal olarak maya hiicrelerinin  kullanimi ile ilgilenmektedir. Bu arastirmacilar
enkapsiilasyon amaciyla maya hiicrelerinin kullanilmasinin farkli avantajlarmi vurgulamislardir.
Resveratrol (Shi ve ark., 2008), ugucu yaglar (Bishop ve ark., 1998), klorojenik asit (Shi ve ark., 2007),
kurkumin (Paramera ve ark., 2011) ve dogal mikro vezikiiller olarak enzimler (Chow ve Palecet, 2004)
gibi hem suda ¢6zlinen hem de ¢6ziinmeyen molekiiller igin ¢esitli gida bilesenlerinin kapsiillenmesinde
maya hiicreleri kullanilmistir. Yine benzer olarak Czerniak ve ark. (2015), maya htcrelerini biyokapsiil
olarak kullanarak ringa balik yaginin oksidatif stabilitesini basariyla gelistirmistir. Diger tekniklere
kiyasla, maya hiicrelerinde kapsiilleme nispeten basit prosediir gerektirir ve isleme sirasinda maya, su
ve sivi gekirdek bilegenlerinden bagka higbir ilave materyale gerek duyulmaz (Bishop ve ark., 1998).
Ticari maya mikrokapsiilleri, nanometre kalinligindaki giiclii ve elastik hiicre duvarlarma sahip
mikrometre boyutunda elipsoidlerdir. Kapsiillenmis aktif maddenin salinim mekanizmasi, su aktivitesi
ve sicaklik ile kontrol edilmektedir (Normand ve ark., 2005). Bugtine kadar, kapstlleme 6ncesinde bazi
caligmalarda maya hiicresi 6n muamelesi icin sodyum klorir kullanilarak plazmoliz islemi denenmistir
(Paramera ve ark., 2011, Shi ve ark., 2007, Shi ve ark., 2008). Plazmoliz islemi ile hiicre i¢i materyal
bosaltilarak maya hiicresi tam bir enkapsiil gibi kullanilabilmektedir.

Bu ¢alismada uguculugu sebebiyle ilave edildigi ortamda stabilitesi diisiik olan karvakrol, hem
plazmolize edilmis hem de plazmoliz olmamis maya hiicreleri ile enkapsiile edilmis ve elde edilen
enkapsullerin konformasyonel ve yapisal 6zellikleri ile antiradikal aktiviteleri karakterize edilmistir.

2. Materyal ve Yontem
2.1. Materyal

Calismada materyal olarak kullanilan maya hiicresi ekmek mayasi olarak satilan Saccharomyces
cerevisiae olup yerel piyasadan yas maya seklinde satin alimmistir. Enkapsdle edilen karvakrol ise Sigma
Aldrich (Saint Louis, MO, ABD)’den temin edilmistir.
2.2.'YOntem
2.2.1. Maya hucrelerinin én islemi

Enkapsulasyon islemi 6ncesi, 170 g maya hiicresi fosfat tamponu (pH 6.8) ile yikanmis ve daha
sonra santrifujleme ile (10 dakika boyunca 3984 x g) toplanmistir. Ardindan distile su ile yikama

prosediirii bes kez tekrarlanmis ve daha sonra yikanmis hiicreler dondurularak kurutulmustur
(plazmolize olmayan hiicreler). Ayni prosediir, hiicrelerin %10 sodyum klortir (NaCl) ¢ozeltisi igeren
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siselerde siispanse edildigi plazmolize hiicrelerin hazirlanmasi i¢in de takip edilmistir. Siseler,
calkalayicida 55 °C ve 180 rpm'de 48 saat slreyle ¢alkalanmistir. Plazmolize hiicreler, santrifiijleme (10
dakika boyunca 3984 x g) ile elde edilmis, daha sonra hiicre kalintilarin1 ve NaCl’l elemine etmek icin
bes kez deiyonize su ile yikanmis ve dondurularak kurutulmustur.

2.2.2. Karvakroliin maya hucresi ile enkapsilasyonu

Plazmolize olmus ve olmamis maya hiicrelerine (3 g), karvakrol (3 g) (Sigma Aldrich, Saint
Louis, MO, ABD) ve 4 ml saf su ilave edilmis ve karisim, 45 + 1 °C'de 4 saat karistirilmustir.
Kapsiillenmig 6rnekler saf su ile yikanmis ve kapsiillenmemis karvakrolii uzaklagtirmak i¢in 10 dakika
boyunca 3000 rpm'de santrifilj islemi uygulanmistir. Bu sekilde plazmolize enkapsiil (PE) ve plazmoliz
olmamis enkapsiil (POE) seklinde 6rnekler iretilmistir. Kapsiillenmis maya hiicreleri -20 °C'de
dondurulmus ve daha sonra liyofilizatérde (Christ Freeze-Dryers, Osteode, Almanya) kurutulmustur.
Uretilen kapsiiller -20 °C'de muhafaza edilmistir.

2.2.3. Gaz Kromatografisi/Kitle Spektrometresi (GC-MS) ile ucucu bilesen analizi

Orneklerde ugucu bilesen analizi igin, HP-5 MS kapiler kolon (30 m x 0.25 um) ve HP 5973
kitle selektif dedektore sahip Shimadzu QP2010 Ultra GC-MS (Gaz Kromatografisi Kitle
Spektrometresi, Japonya) cihazi kullanilmistir. Tasiyic1 gaz olarak helyumdan yararlanilmis, akis orani
1 mL/dk ve enjektdr sicakligi 220 °C, MS transfer sicakligi ise 290 °C'ye ayarlanmistir. Kolon sicakligi
ilk 3 dk i¢in 50 °C'ye, ardindan 3 °C/dk'lik artiglarla 150 °C'ye yiikseltilmis ve bu sicaklikta 10 dk
tutulduktan sonra 250 °C’ye yukseltilmistir. Splitless yontemde 1.0 ul seyreltilmis 6rnekler (1/100
metanol, v/v) otomatik olarak enjekte edilmistir. Bilesenlerin karakterizasyonu elektronik kiitiiphaneler
(Flavor2.L, Wiley7n.1 ve NIST98.L) kullanilarak gerceklestirilmistir.

2.2.4. Orneklerin toplam fenolik madde ve antiradikal aktivitelerinin belirlenmesi
2.2.4.1. Maya hucresi ve enkapsullerin ekstraksiyonu

Orneklerin toplam fenolik madde ve antiradikal aktivitelerini belirleyebilmek amaciyla,
karvakrol yiiklenmis (PE ve POE) &rnekler ile karvakrol yiiklemesi yapilmamis olan maya hiicreleri
(Plazmoliz maya (PM) ve plazmoliz olmamis maya (POM)) ilk olarak ekstraksiyona tabi tutulmustur.
Bu amagla yaklasik 0.5 g 6rnek hassas bir sekilde tartilmis ve sonrasinda 5 ml metanol (Merck,
Almanya) ilave edilen 6rnekler 1 dk siireyle vorteks ile karigtirilmistir. Daha sonra oda sicakliginda
calkalamali su banyosu ile 30 dk siireyle ekstraksiyona tabi tutulan érneklere 9000 g’de +4 °C sicaklikta
5 dk siireyle santrifiij islemi uygulanmistir. Ardindan siipernatant 0.45 um siringa filtre yardimriyla
stiziilmiis ve siiziilen kisim toplam fenolik madde ve antiradikal aktivite testlerinde kullanilmagtir.

2.2.4.2. Toplam fenolik madde

Orneklerin toplam fenolik madde miktarlar1 Singleton ve Rossi (1965) tarafindan &nerilen
yontemde bazi1 modifikasyonlar yapilarak belirlenmistir. Bu amagla 200 pl 6rnek, 1800 ul su ile
karistirilmis ve ardindan 6rneklere 1 ml Folin Ciocalteu reaktifi (1/10 oraninda seyreltilmis) eklenmistir.
Son olarak 2 ml sodyum karbonat (%2, w/v) ilavesi yapilmis ve sonrasinda drnekler agizlari sikica
kapatilarak oda sicakliginda ve karanlik ortamda 2 saat siireyle inkiibe edilmistir. Siire sonunda
orneklerin absorbans degerleri 765 nm’de UV-Vis spektrofotometre (Shimadzu, Japonya) ile okunmus
ve sonuclar gallik asit standard: kullanilarak olusturulmus olan kalibrasyon egrisi ile mg GAE/g 6rnek
olarak hesaplanmistir. Olciimler dort paralel olacak sekilde gerceklestirilmistir.

2.2.4.3. DPPH radikali stiptrme aktivitesi
Orneklerin DPPH (1,1-Diphenyl-2-picrylhydrazyl) radikali stipiirme aktivitesi Moreno ve ark.

(1998) ile Brand-Williams ve ark. (1995) tarafindan Onerilen metot yardimiyla tespit edilmis ve
ornekleri birbiriyle kiyaslayabilmek amaciyla da ECsy degerleri hesaplanmistir. Bu baglamda belli
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oranlarda seyreltilen 6rneklerden 100 pl alinmis ve 3900 ul DPPH solusyonu (0.1 mM) ile
karigtinnlmistir. Agizlan sikica kapatilan 6rnekler 30 dk siireyle karanlik ortamda ve oda sicakliginda
inkibe edildikten sonra 517 nm dalga boyunda UV-Vis spektrofotometre (Shimadzu, Japonya) ile
absorbans degerleri okunmus ve asagidaki esitlik kullanilarak (Denklem 1) her bir seyreltme oranina ait
% inhibisyon degeri tespit edilmistir.

% TnhibiSy0n= [(Abskontroi-AbSEkstrakt)/ ADSkontrol] 1)

Her bir seyreltme oranina karsilik gelen % inhibisyon degerleri belirlendikten sonra her bir
ornek i¢in ortamda siipiirilmemis DPPH miktarlar1 da tespit edilmis ve bu amagla asagidaki esitlik
kullanilmistir (Denklem 2).

DPPHkalan(Mg/ml)=[37.92xAbs517+0.27]x1000 (R?=0.997) 2

% Kalan DPPH oram ise reaksiyon sonunda kalan DPPH miktarmin baslangigtaki oranina
boliinmesiyle hesaplanmistir (Denklem 3).

% DPPHkain=[DPPH]Y/[DPPH]t=0 (3)

ECso degeri baslangicta mevcut DPPH radikal miktarinin %50’sini siipiirmek amaciyla gerekli
olan enkapsiill ya da karvakrolden alinan toplam fenolik madde miktarim1 ifade etmekte olup,
siipiiriilmeden kalan DPPH radikal miktar1 ile 6rnekten elde edilen toplam fenolik madde miktar
kullanilarak hazirlanan lineer regresyon egrisi vasitasiyla hesaplanmistir. Tiim olgiimler dort paralel
olacak sekilde gergeklestirilmistir.

2.2.4.4. ABTS" radikali siplrme aktivitesi

ABTS* (2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonik asit) radikali supiirme aktivitesi
Wettasinghe ve ark. (2002)’nin uyguladig1 yonteme goére belirlenmistir. Bu amagla, ABTS* radikali
olusturmak maksadiyla 7 mmol ABTS*, bir miktar suda ¢0ziinmiis ve 2.45 mmol potasyum persiilfat
ile ilgili hacme tamamlanmistir. Karisim daha sonra oda sicakliginda ve karanlik bir ortamda 16 saat
siireyle koyu mavi renk olusana kadar bekletilmistir. Koyu mavi renkli bu ¢6zelti, fosfat tamponu ile
(pH 7.4) absorbans degeri 734 nm’de 0.700+0.10 olana kadar seyreltilmistir. Daha sonra seyreltilmis bu
cOzeltiden 2 ml (ABTS * ¢ozeltisi) alinarak 75 pl uygun oranlarda seyreltilmis 6rnek ile karigtirilmig ve
6 dk sureyle oda sartlarinda ve karanlik ortamda inkiibasyona birakilan drneklerin absorbans degerleri
UV-Vis spektrofotometre (Shimadzu, Japonya) ile 734 nm’de belirlenmistir. Orneklerin siipiirme giicii
sonucunda ABTS " radikal katyonundaki azalma yiizde olarak hesaplanmig (Denklem 4) ve sonuglar
Trolox ile olusturulmus olan kalibrasyon egrisi kullanilarak pg Trolox/g Ornek olarak verilmistir.
Yapilan tiim 6l¢timler dort tekrarl olarak gerceklestirilmistir.

% Inhibisy0n= [(Abskontroi-AbSEkstrakt)/ AbDSkontrol] 4)
2.2.5. Orneklerin konformasyonel ve yapisal 6zelliklerinin belirlenmesi
2.2.5.1. Fourier Transform Infrared Spektroskopisi (FTIR) ile konformasyonel karakterizasyon
IR spektrumu ve yapidaki baglarin durumu, hem bos hem de yiiklii maya hiicresi yapilarinin
baglanma yerleri Perkin Elmer 400 FT-IR Spektrometre Spotlight 400 Goruntileme Sistemi (Fransa)
kullanilarak izlenmis ve spektrumlar karsilagtirilmistir.
2.2.5.2. Taramah Elektron Mikroskopisi (SEM) ile kapstillerin yapisal karakterizasyonu
Hem dondurularak kurutulmus mikrokapsiillerin hem de bos maya hiicrelerinin ylizey ve

mikroyapisini izlemek i¢in Taramali Elektron Mikroskop sistemi (LEO 440 Bilgisayar Kontrolli Dijital
Taramal1 Elektron Mikroskobu, Zeiss, Oberkochen, Almanya) kullanilmistir. Numuneler puskirtme
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cihazi kullanilarak iletken bir tabaka (Au-Pd) ile kaplanmis ve bu asamada vakum altina alinarak
kurutulduktan sonra goriintiileme islemi baslatilmistir. Ornekler, 50X, 100X, 1000X ve 3000X gibi
farkl1 biiyiitme oranlartyla 5 kV'luk bir hizlanma geriliminde ¢aligilirken analiz edilmistir.

2.2.6. Istatistiksel analizler

Calisma kapsaminda elde edilen verilerin birbiri ile kiyaslanmas1 amaciyla SAS istatistiksel
paket programi kullanilmigtir. Tek faktor varyans analiz yontemi ile varyans analizine tabi tutulan veriler
arasindaki farklilik Duncan ¢oklu karsilastirma testi ile belirlenmis ve bu baglamda manidarlik diizeyi
olarak 0=0.05 hata degeri dikkate alinmustir.
3. Bulgular

3.1. Orneklerin aromatik bilesen kompozisyonu

Plazmoliz olmus ve karvakrol yiiklenmis maya hiicreleri ile yiikleme yapilmamis bos hiicrelerin
major aromatik bilesen kompozisyonlart GC-MS ile belirlenmis ve Cizelge 1°de verilmistir.

Cizelge 1. Mikrokapsullerin ve maya hicrelerinin major ugucu bilesen miktarlart

Ornek tipi Bilesen ismi Alikonma Oran
zamani (dk) (%)
Karvakrol Karvakrol (Phenol,5-methyl-2-(1-methylethyl) 9.23 96.96
Karvakrol (Phenol,5-methyl-2-(1-methylethyl) 9.03 80.79
Cis-9-Hekzadekanoik asit 23.41 9.38
Plazmoliz olmus maya 9-Oktadekenoik asit 23.65 472
enkapsulleri Oktadekanoik asit 2,3 dhidroksipropil ester 29.03 1.09
Karvakrol (Phenol,5-methyl-2-(1-methylethyl) 9.02 90.43
Plazmoliz olmamis maya Cis-9-Hekzadekenoik asit 22.97 1.04
enkapsdlleri 11- Oktadekanoik asit metil ester 25.99 1.04
9-Octadekenoik asit 26.21 0.06
Heptadekan-8-karbonik asit 26.97 3.82
2-Pirolidinon 3.68 2.35
Dekanoik asit 9.98 1.69
L-Prolin metil ester 10.37 1.58
9-Hekzadekenoik asit metil ester 22.24 14.98
Hekzadekanoik asit metil ester 22.66 6.64
] Cis-9-Hekzadekenoik asit 23.10 14.33
Plazmoliz olmus maya n-Hekzadekanoik asit 23.46 8.22
htcreleri 9-Oktadekenoik asit 26.10 20.05
10-Oktadekanoik asit 26.21 2.00
Metil stearat 26.57 3.09
Heptadekan-8-karbonik asit 26.88 11.78
Oktadekanoik asit 27.28 3.02
Fumarik asit 29.06 5.85
Oktanoik asit 29.41 1.48
Cis-9-Hekzadekenoik asit 23.55 29.09
Etil-9-Hekzadekanoat 23.65 3.32
n-Hekzadekanoik asit 23.86 11.35
Hekzadekanoik asit etil ester 24.05 1.59
Plazmoliz olmamis maya  Metil stearat 26.44 1.22
htcreleri 9-Oktadekenoik asit 27.24 25.71
Oktadekanoik asit 27.51 9.73
Palmitaldehit 28.38 2.00

Standart madde olarak kullanilan karvakroliin %96.96 oraninda saf Phenol,5-methyl-2-(1-
methylethyl) yapisinda oldugu goriilmiis ve maya hiicresi igerisinde kapsiillenen karvakroliin yiiksek
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saflikta oldugu gozlenmistir. Plazmolize olmus ve olmamis maya hiicreleri farkli oranda karvakrol
tutmus ve tutulan karvakrol oranlar1 plazmolize olmus maya hiicresinde %80.79, plazmolize olmamig
maya hiicresinde ise %90.43 olarak tespit edilmistir. Maya hiicresinin spesifik yag asitlerinden biri olan
cis-9-hekzadekanoik asit (Blagovi¢ ve ark., 2005) plazmoliz olmamis ve karvakrol yukli maya
hiicresinde %9.38 oraninda belirlenmisken, bu deger plazmoliz islemi sonrasinda elde edilen karvakrol
yliklii maya hiicresinde stoplazmik icerigin bosaltilmis olmasi sebebiyle %1.04 olarak tespit edilmistir.
Karvakrol yiiklemesi yapilmamis maya hiicrelerinde ise bu yag asidi degeri plazmoliz maya icin
%14.33, plazmoliz olmamis maya hiicresi i¢in ise %29.09 olarak tespit edilmistir. Aym1 sekilde 9-
oktadekenoik asit maya hiicrelerinde yer alan diger bir major yag asidi olup, biitiin maya hiicrelerinde
tespit edilmistir. Karvakrol yiiklemesi yapilmamis maya hiicrelerinde daha yiiksek oranda belirlenmis
olup, enkapsiil olusturan maya hiicrelerinde miktar1 diismiis, plazmoliz islemi ile ilgili yag asidinin
konsantrasyonunda azalma meydana gelmistir.

3.2. Orneklerin toplam fenolik madde igerigi ve antiradikal aktivitesi

Maya hiicresi ile enkapsiile edilmis karvakroliin 6zellikle antiradikal aktivitesinin ne derece
tasindig1 ve kapsiil formun kontrol grubu karvakrol bilesigine nazaran ne kadar etkin bir biyoaktivite
sergiledigini tespit edebilmek amaciyla 6rneklerde toplam fenolik madde miktar ile antiradikal kapasite
analizleri yapilmistir. Orneklerin toplam fenolik madde miktarlart Sekil 1°de gdsterilmistir. Maya
hiicresi ile hazirlanmis enkapsiillerin toplam fenolik madde miktarlar1 plazmolize olmus ve olmamis
hucre enkapsiilleri igin sirasiyla 138.1 ve 146.8 mg GAE/g ornek olarak belirlenmistir. Karvakrol i¢in
ise toplam fenolik madde miktar1 350.5 mg GAE/g olarak hesaplanmistir. Karvakrol yiiklenmemis bos
maya hiicreleri i¢in de toplam fenolik madde miktar1 belirlenmis ve bu degerler de plazmoliz maya
hicresi (PM) ve plazmoliz olmamis maya hiicresi (POM) i¢in sirasiyla 0.42 ve 0.66 mg GAE/g 6rnek
olarak tespit edilmistir.
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Sekil 1. Karvakrol yiiklenmis enkapsiillerin ve yiikleme yapilmamis maya hiicrelerinin toplam fenolik
madde icerikleri. PE: Plazmoliz enkapstil, POE: Plazmoliz olmamig enkapsiil, PM: Plazmoliz
maya, POM: Plazmoliz olmamis maya.

Gorildiugii lizere bos maya hiicreleri ile kiyaslandiginda onemli miktarda karvakrol maya
hiicreleri ile enkapsiile edilmistir. Plazmoliz islemi 6rneklerin karvakrol tutma etkinligi iizerinde de
etkili olmus ve her iki maya hiicresi arasindaki toplam fenolik madde miktarlarindaki farklilik
istatistiksel olarak da 6nemli bulunmus ve plazmolize olmamis maya hiicresinin toplam fenolik madde
miktar1 bakimidan daha zengin oldugu gozlenmistir (p<<0.05).
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Sekil 2. Karvakrol yliklenmis enkapsiillerin ECso degerleri ile yiikleme yapilmamis maya hiicrelerinin
DPPH radikali % inhibisyon oranlari. PE: Plazmoliz enkapsiil, POE: Plazmoliz olmamis
enkapsiil, PM: Plazmoliz maya, POM: Plazmoliz olmamis maya.

Maya hcrelerinin ve karvakrolun biyoaktif performanst DPPH ve ABTS* radikali stiplirme
aktivitesi testleri ile belirlenmistir. Orneklerin DPPH radikali siipiirme aktiviteleri kapsiil drnekleri igin
ECso degeri olarak, bos maya hiicresi drnekleri i¢in ise % inhibisyon olarak belirlenmis ve Sekil 2°de
gosterilmistir. Karvakrol yiiklenmis maya hiicreleri hapsettikleri karvakrol bilesigi sayesinde énemli
diizeyde radikal yakalama aktivitesi gostermistir. Bu aktivite, hem maya hticrelerinin plazmolize olup
olmamasina hem de maya hiicrelerinin yiiklenmis olup olmamalarina gore 6nemli farkliliklar sergilemis
olup bu farkliliklar istatistiksel olarak 6nemli bulunmustur (p<0.05). Plazmolize olmus karvakrol yiiklii
maya hucresi ECso degeri 2680 pg 6rnek/g DPPH, plazmolize olmamis hiicre i¢in ise 2090 pg 6rnek/g
DPPH olarak hesaplanmistir. Bu deger karvakrol bilesigi i¢in ise 800 pg 6rnek/g DPPH olarak tespit
edilmistir. Karvakrol yliklemesi yapilmamis maya hiicrelerinin DPPH siipiirme aktiviteleri arasinda da
plazmoliz islemi Onemli bir etki gostermis (p<0.05) ve plazmoliz olmus hiicreler daha diisik %
inhibisyon degeri sergilemistir. Karvakrol ile yiiklenmis maya hiicrelerinin ECs degerleri ile ilgili maya
hiicrelerinin sahip oldugu karvakrol miktarlari arasinda negatif ve onemli bir korelasyon oldugu
gozlenmis (r=-0.949, p<0.05); karvakrol miktar1 arttikga Orneklerin ECso degerlerinde diisiis
gdzlenmistir.
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Sekil 3. Karvakrol yiiklenmis enkapstllerin ABTS™ radikal stplrme aktiviteleri. PE: Plazmoliz
enkapsil, POE: Plazmoliz olmamis enkapsiil, PM: Plazmoliz maya, POM: Plazmoliz olmamis
maya.

Orneklerin ABTS* radikali siipiirme aktivitesi ise Sekil 3’te gosterilmistir. DPPH radikali
siiplirme aktivitesi degerlerine benzer sekilde, en yiiksek ABTS* radikali sliplirme aktivitesi karvakrol
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bilesiginde belirlenirken (874.5 pug Trolox/g), maya enkapsiilleri igerisinde plazmoliz olmamis enkapsiil
(POE), plazmolize enkapsiile (PE) kiyasla daha yiiksek antiradikal aktivite sergilemistir. Bos maya
hiicreleri de ayni sekilde karvakrol yiiklii hiicrelere nazaran ¢ok diisiik bir antiradikal aktivite sergilemis
olup, plazmolize olmamis maya (POM), plazmolize maya hiicresine nazaran daha ytiksek bir antiradikal
aktivite gdstermistir (p<0.05). Orneklerin ABTS* ve DPPH radikali siipiirme aktiviteleri (ECso) arasinda
negatif ve 6onemli bir korelasyon belirlenmisken (r=-0.961, p<0.05), toplam fenolik madde miktari ile
antiradikal aktivite degerleri arasinda da pozitif ve onemli bir korelasyon varligi tespit edilmistir
(r=0.996, p<0.05). Yine aym sekilde orneklerin ABTS-* radikali sliplrme aktivitesi ile enkapsillerin
tagidiklar1 karvakrol miktarlar1 arasinda pozitif ve 6nemli bir korelasyon (r=0.824, p<0.05) oldugu
gdzlenmistir.

3.3 Orneklerin konformasyonel ve yapisal 6zellikleri

Sekil 4’te hem karvakrole hem de enkapsil ve bos maya hiicrelerine ait FTIR spektrumlari
gosterilmistir.  Spektrum  profili, karvakrolin maya hiicreleri tarafindan kapsillenmesini
dogrulamaktadir. 1300-1000 cm™'deki pikler fenol grubuna karsilik gelen C-O titresimlerine
atfedilmektedir (Pavia ve ark., 2008). Enkapsiillerde goriilen bu piklerde yogunluk, karvakrolun
kapstllenmesi sebebiyle olusmustur. 860 cm™'den daha diisiik gerilim titresimleri benzene (aromatik
halka) karsilik gelmektedir ve bos maya hiicrelerinde bu piklerin goriilmemesi yine karvakrollin
enkapsiilasyonunu dogrulamaktadir (Pavia ve ark., 2008).

Galichet ve ark. (2001) ve Burattini ve ark. (2008) yaklasik 1026 cm Ydeki bilesen bantlarinin
esas olarak B-glukanlarla (B (1 — 4)) iligkili oldugunu bildirmislerdir. Bu ¢alismada s6z konusu
bantlarin karvakrol hari¢ diger drneklerin spektrumlarinda elde edildigi goriilmektedir ve B-glukanin
maya hiicre duvarinda bulunan major bilesen olmasi bu durumun ortaya ¢ikmasim saglamistir. Sekil 5,
hem bos maya hiicrelerinin (plazmoliz olmus ve olmamis) hem de iiretilen enkapsiillerin taramali
elektron mikroskop goriintiilerini gostermektedir. Sekil 5¢’de plazmolizin maya hiicreleri tizerinde
meydana getirdigi deformasyon goriinmekte, Sekil 5d’de diizgiin yiizeyli maya hiicreleri
gozlenmektedir. Bununla birlikte Sekil 5a’da plazmolize ragmen enkapsiil iiretimine bagli olarak maya
hiicrelerinin elips formunu korudugu sdylenebilmektedir.
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Sekil 4. Mikrokapsiillerin ve maya hiicrelerinin FTIR spektrumlari.
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Sekil 5. Mikrokapstllerin ve maya hiicrelerinin SEM gdrintileri (a: plazmoliz olmus maya enkapsiilleri,
b: plazmoliz olmamis maya enkapsiilleri, ¢: plazmoliz olmus maya hiicreleri d: plazmoliz
olmamis maya hiicreleri).

4. Tartisma ve Sonug¢

Enkapsulasyon, aktif bilesiklerin ¢evresel faktorler karsisinda stabilitesini muhafaza etmek
amaciyla fazlaca basvurulan énemli bir kaplama teknigidir. Maya hiicreleri sahip olduklari hiicresel
ozellikler sebebiyle aktif bilesiklerin kapsiillenmesinde etkili bir sekilde kullanilabilmekte ve ¢ok farkl
biyoaktif bilesikler maya hiicresi igerisine hapsedilerek muhafaza edilebilmektedir. Ciamponi ve ark.
(2012) maya hiicrelerinin, cesitli aktif maddelerin mikrokapsiilasyonu i¢in biyouyumlu ve biyolojik
olarak bozunabilir materyaller oldugunu belirtmislerdir. Nelson ve ark. (2006), maya ile kapstllemenin,
bilinen tiim mikrokapsiilleme teknolojilerine kars1 daha uygun maliyetli oldugunu savunmuslardir.

Karaman (2020) tarafindan yapilan bir ¢alismada, ¢orek otu yagi maya hiicresi ile enkapstle
edilmis ve maya hiicresi i¢in uygulanan plazmoliz isleminin son iiriin biyoaktivitesi lizerinde etkili
oldugu ve plazmolize olmus maya hiicresi ile iiretilen enkapsiillerin daha yiiksek timokinon igerdigi
ifade edilmistir. Ancak, plazmolize edilerek kapsiilleme yapilan maya hiicreleri, plazmoliz olmamis
olanlara nazaran daha diisiik antiradikal aktivite sergilemistir. Plazmoliz islemi maya hiicresinin osmoz
sebebiyle hiicre i¢i sitoplazmik materyalin atilmasina yol agmasi sebebiyle, plazmolize hiicre daha fazla
materyal kapsiilleyebilmekte; ancak bu durumda hiicre i¢i materyalin sahip oldugu biyoaktif etki
kaybolmaktadir. Hassan (2011) yas ekmek mayasinin olduk¢a kuvvetli antioksidan ve antiradikal etki
gosterdigini bildirmis, bu durumun da hiicre i¢i glutatyon miktari, baz1 Maillard reaksiyon iiriinleri ve
siilfiir iceren aminoasitlerden kaynaklandigi ifade edilmistir (Soomer ve Jamieson, 1996). Kavosi ve
ark. (2018) semizotu ¢ekirdegi yagim maya hiicresi ile enkapsiile ettikleri bir ¢alismada, maya
hiicresinin plazmoliz islemi ile hiicre i¢i materyalinin bosaltilmasi neticesinde daha fazla yag enkapsiile
edilebildigini, bu baglamda plazmoliz hiicrenin enkapsiilasyon etkinliginin %60.27, plazmoliz olmamis
hiicrenin ise %52.96 olarak hesaplandigim ifade etmislerdir. Diger taraftan Salari ve ark. (2013)
yaptiklar ¢aligmada plazmoliz isleminin maya hiicresi yapisinda ve 6zelliklerinde degisikliklere neden
olmasina ragmen, hiicrelerde berberin etken maddesinin yiikiini arttirmadigini tespit etmislerdir.

Mevcut calismada da kuvvetli bir antioksidan bilesik olan karvakrol, ugucu olmasi ve bu sebeple
cevresel kosullardan hizlica etkilenmesi sebebiyle maya hiicresi igerisinde kapsiillenmis ve lretilen
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kapsullerin biyoaktif, konformasyonel ve yapisal karakterizasyonu gerceklestirilmistir. Maya
hiicrelerinde plazmoliz isleminin etkisi de arastirilmis ve karvakrol plazmolize olmus ve olmamis maya
hiicreleri ile ayr1 ayr1 enkapsiile edilmistir. Plazmolize olmus maya hiicreleri karvakrolii oldukga iyi bir
sekilde hapsetmis olsa da plazmolize olmayan maya hiicreleri daha fazla oranda karvakrol tutmus ve bu
sebeple daha yiiksek antiradikal aktive sergilemistir. Plazmoliz bir¢ok ¢alismada mayanin &n
islenmesinde kullanilmis ve bu yolla enkapsiilasyonda verimlik artirilmaya c¢aligilmigtir. Pham-Hoang
ve ark. (2013) plazmoliz isleminin enkapsiilasyon verimliligi lizerine etkisinin ¢esitli oldugunu ancak
enkapsiilasyon etkinliginin asil olarak kapsiillenmis molekiiliin hidrofobikligine bagli oldugunun
bildirmislerdir. Shi ve ark. (2007) polar klorojenik asit icin iki kat daha yiksek bir enkapsulasyon
etkinligi gozlemlerken, Paramera ve ark. (2011), plazmolize hiicreler igin daha hidrofobik olan
kurkumin'in kapsiillenmesinde bir gelisme gozlemlememiglerdir.

Kavetsou ve ark. (2019) yaptiklar1 ¢alismada maya hiicreleri igerisinde Mentha pulegium
esansiyel yagim kapsiillemisler ve bocek zararlist Myzus persicae'ye karsi bir pestisit olarak
degerlendirilmesi icin yesil bir yaklasim sunmuslardir. Kapsiillemenin ugucu yagin bocek oldiiriicii
aktivitesini 3 giin uzattigini ve ekmek mayasinin insan sagligi iizerinde olumsuz etkisi bulunmadigindan
biyopestisit formiilasyonlarinda kullanimimin yasal kisitlamalara uyumlu olacagini bildirmislerdir.
Plavcova ve ark. (2019) maya glukan partikiilleri ile kurkumin aktif bilesiginin biyolojik etkisinin
artirtlmasi iizerine ¢alismalar yapmiglar ve elde ettikleri sonuglar ile kurkumin kompozitlerinin
nihayetinde inflamatuar hastaliklarin tedavisinde kullanilabilecegini one siirmiislerdir. TUm bu
arastirmalar gida, ziraat ve farmasotik uygulamalarinda maya hiicreleri ile yapilan diisiik stabiliteli hem
ucucu yag hem de fenolik bilesik gibi maddelerin enkapsullerinin biyoyararlanimini artirmak igin
kullanilabilecegini ortaya koymaktadir. Mevcut calisma ile de karvakrolin maya hucreleri ile
enkapsulasyonu sayesinde gida, ziraat, ilag ve tekstil endiistrisi gibi alanlarda yer alan bazi
formilasyonlarda kullanilabilecek, biyoaktivitesi korunmus ve diger enkapsiilasyon tekniklerine
nazaran daha diistik maliyetli enkapsiil tiretimi ortaya konmustur.
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Makale Bilgileri Oz: Sert gekirdekli meyve tiirlerinden olan kayis1 (Prunus armeniaca L.) insanlar
tarafindan hem taze meyve olarak hem de isleme teknolojisinde meyve suyu,
kuru kayis1 ve regel olarak tiikketilmesi yaygin olarak tercih edilmektedir. Tiirkiye
kay1si1 tiretiminde 6nemli bir yere sahiptir. Kayisi taze meyve olarak hasat sonrasi
Omrii smirli olan meyve tiirleri arasinda yer almaktadir. Calismada, Bebeko
kayis1 ¢esidi kullanilmis olup, meyveler Van ekolojik kosullarinda yetistirilmis
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Anahtar kelimeler ve hasat olumunda derilmistir. Mevcut ¢alismada hasat sonrasi Metil Jasmonate

(MeJA, 0.2 mM), sitokinin (5 ppm), lavanta yagi (1000 ppm), MeJA (0.2 mM) +
Hasat sonrasi, lavanta yagi (1000 ppm) ve sitokinin (5 ppm) + lavanta yagi (1000 ppm)
Kayst (Prunus armeniaca L.), uygulamalarinin ~ kayisinin - depolanma siire ve kalitesi iizerine etkileri
Lavanta Yag, aragtirtlmistir. Depolama boyuncu uygulama yapilan meyvelerde pH, titre
mgi\ edilebilir asitlik (TEA), suda ¢oziiniir kuru madde miktar1 (SCKM), meyve kabuk

rengi, toplam antioksidan kapasite, toplam fenolik madde igerigi, solunum hiz1 ve
digsal etilen Uretim miktar1 belirlenmistir. Sonug¢ olarak, MeJA (0.2 mM) +
lavanta yagi (1000 ppm) uygulamasinin iriin kalitesini 35 giin boyunca korudugu
tespit edilirken, diger uygulamalarin ise {riin kalitesini 25 gln korudugu
belirlenmigtir. Elde ettigimiz bulgular, uygulamalarin kontrol meyvelerine gore
daha iyi sonug verdigini ortaya koymustur.

Sitokinin.

The Effects of Methyl Jasmonate, Cytokinin and Lavender Oil Applications on Postharvest
Physiology in Apricot Fruit (Prunus armeniaca L.)

Article Info Abstract: Apricot (Prunus armeniaca L.) belonging to Rosaceae family is stone
) fruit. it is enjoyed to be consumed as fresh fruit by many people, but also is
Received: 25.01.2020 preferred as juice, dried fruit and jam. Turkey has an important place in apricot
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Online Published 31.03.2020
DOI: 10.29133/yyuthd.679851

production in the world. The postharvest life of apricot is limited as fresh fruit. In
the study, Bebeko apricot variety was used, the fruits were grown in Van
ecological conditions and harvested at harvesting maturity. In the current study,

Keywords we investigated the effect of Methyl Jasmonate (0.2 mM), cytokinin (5 ppm),

lavender oil (1000 ppm) , MeJA (0.2 mM) + lavender oil (1000 ppm) and
Post Harvest, cytokinin (5 ppm) + lavender oil (1000 ppm) on apricot quality parameters such
Apricot (Prunus as pH, titratable acidity (TA), soluble solids content (SSC), skin color,
armeniaca L.), antioxidant capacity, total phenolics, respiration rate and ethylene production as
Lavender oil, well as determined how long the treatments applied to apricot increase storage
mgi period. Our findings suggest that the treatments applied to fruit have a beneficial
Cytoki nin. impact on fruit quality comparing to untreated fruit. As a result, MeJA+Lavander

oil treated fruit was found to maintain the quality of the product for 35 days; on
the other hand, other treatments were found to maintain the quality of the product
for 25 days.
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1. Giris

Kayist (Prunus armeniaca L.) sert ¢ekirdekli meyveler grubunda orta solunum hizina sahip
renk, tat, aroma bakimindan begenilen ve arzu edilen klimakterik bir meyve tiiriidiir (Asma, 2000;
Karagali, 2012). Kayis1 meyveleri zengin fitokimyasal igerigi ile fonksiyonel gida olarak
degerlendirilmekte olup tiiketiminin saglikli yasami destekleyecegi kabul edilmektedir (Kan 2016;
Kan ve Karaat, 2019). Diinya taze kayis1 iiretiminde Tiirkiye 750 bin ton ile birinci siradadir (FAO,
2018). Uretim miktarmin yiiksek olmasina ragmen ihracat ve i¢ pazarda tiikketim miktar1 diisiiktiir.
Tiirkiye’de kayisinin pazarlanmasi asamasinda soguk zincirin yeterince kurulamamasi taze kayisi
kalitesini ve tiiketimini diisirmektedir (Calhan, 2010; Bayimndir ve ark., 2012). Hasat dénemleriyle
iligkili olarak sofralik olarak tiketilen meyveler, sadece belirli dénemlerde ve sirelerde pazara
sunulabilmektedir. Hasat zamani disinda tiiketicilerin iiriin taleplerini karsilamak amaciyla meyvelerin
depolanmasi gerekmektedir. Kayisiin orta solunum hizina sahip olmasi, meyve etinin dayaniksiz ve
kolay bozulabilmesi, ¢lirlime ve bozulmaya duyarlilik géstermesi nedeniyle hasat sonras1 dayanimlari
simirlt olmaktadir. Kayisi taze olarak normal oda kosullarinda 3-5 giin depolanabilmektedir. Ancak
uygun sicaklik (0°C) ve oransal nem (%90-95) kosullarinda bu siire yaklasik 2-4 hafta olabilmektedir
(Asma ve ark., 2007; Crisosto ve Kader, 1999; Karagal1, 2012).

Birgok gida iirliniinde kalitenin korunmasinda etkili oldugu belirlenen jasmonik asitler (JA)
bitki bunyesindeki linoleik asitten elde edilen kloroplastlarda bulunan lipoksijenaz (LOX3) enziminin
etkisiyle aktif hale gecen bilesiklerdir (Vick ve Zimmerman, 1984). Metil Jasmonate (MeJA) ise
JA’nin metil esteri olup, bitki biinyesinde aromatik bilesenleri ve antosiyaninleri artirmada, klorofil
parcalanmasini saglamada, kararma ve isiime zararini azaltmada, fungal gelisimi engellemede ve
patojene karsi bitki direncini artirmada etkili oldugu belirtilmistir (Meir ve ark., 1996; Pérez ve ark.,
1997; Zhu ve Tian, 2012). MeJA uygulamasinin mango ve papaya meyvelerinde, solunum hizi, renk
kaybi, agirlik kaybi, SCKM miktar1 ve tisiime zararini azalttig, toplam organik asit ve seker miktarini
etkilemedigi bildirilmistir (Gonzalez-Aguilar ve ark., 2001; 2003). MeJA uygulanan domates
meyveleri 10°C sicaklikta muhafaza edildiginde renk parametrelerini (L*, a* ve b*) daha iyi
korundugu saptanmistir (Baltazar ve ark., 2007).

Ugucu yaglar hasat sonrasi kayiplari engellemesi ve insan sagligina zararli olmamasi
nedeniyle insanlar tarafindan tercih edilen dogal bilesiklerdir. (Vergis ve ark., 2015). Yenilebilen
kaplamalar arasinda yer alan ugucu yaglar, aromatik bitkilerde bulunmaktadir. Ayrica ugucu yaglar
bitkilerde antibakteriyel, antiviral, antifungal ve bdcek oldlricl fonksiyonlar: ile 6nemli bir role
sahiptirler (Bakkali ve ark., 2008). Bu ozellikleri sayesinde bahge iiriinlerinde dayanikligi artiran
sekonder metabolitlerdir (Ishkeh ve ark., 2019).

Gibberellinler ile sitokininler meyve gelisimi ve olgunlasma siirecinde dnemli rol oynarlar
(Al-Qurashi ve ark., 2019). Huang ve Jiang (2012)a gore sentetik bir sitokinin olan Forklorfenuron
(CPPU) hasat sonrasit donemde uygulandiginda meyvelerde renk, kararma, solunum hizi ve fungal
enfeksiyonlara karst olumlu sonuglar vermektedir. Ayrica aragtirmacilar hasat sonrasi 6-
benzilaminopurin (BAP-sentetik bir sitokinin) uygulanmasinin iiriin kalitesini korudugunu, ¢iiriimeleri
engelledigini ve raf dmriinii uzattigini ileri stirmislerdir (Mulagund ve ark., 2015).

Taze olarak tiiketilen kayisilarda raf omrii kisa oldugundan ekonomik kayiplara neden
olmaktadir. Hasat sonrasi hem MelJA, sitokinin ve lavanta yaginin birbirinden ayr1 uygulamalar1 hem
de ozellikle bu bilesikler arasinda kombinasyonlarin kayist meyvelerine uygulanmast ile ilgili yeteri
kadar c¢aligma literatiirde bulunmamaktadir. Dolayisiyla bu c¢alismada, Van ekolojik sartlarinda
yetistirilen Bebeko kayist c¢esidinde; MelJA, sitokinin, lavanta yagi, MeJA+lavanta ve
sitokinin+lavanta yagi uygulamalarinin, modifiye atmosfer kosullarinda depolama boyunca
meyvelerin fiziksel ve biyokimyasal 6zellikleri tizerine olan etkisi arastirtlmigtir.

2. Materyal ve Yontem

Calismada meyve materyali olarak, Van Yiiziincii Y1l Universitesi Uygulama ve Arastirma
Bahgesinden toplanan Bebeko kayisi ¢esidi kullanmilmistir. Aga¢ olumu déneminde hasat edilen
meyveler, 12 saat +4 °C’de oda kosullarinda 6n sogutmaya tabii tutularak meyve i¢ 1sis1
diisiiriilmiistiir. Daha sonra aym olgunluga sahip meyveler 6 gruba ayrilmstir. ilk 5 gruba 0,2 mM
MeJA, 5 ppm sitokinin, 1000 ppm lavanta yagi, 0,2 mM MeJA+1000 ppm lavanta yag1 ve 5 ppm
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sitokinin+1000 ppm lavanta yagi uygulamalar1 yapilmistir. Higbir uygulamanin yapilmadigi son grup
kontrol olarak denemeye dahil edilmistir. Uygulamalardan sonra kayis1i meyveleri 3 tekerriirlii olarak
kopuk tabaklar igerisine yerlestirilerek Uzeri stre¢ film ile tek kat olacak sekilde kaplanmistir.
Ambalajlanan meyveler 0 °C ve % 90-95 oransal nem igeren Van Yiiziincii Y1l Universitesi, Ziraat
Fakiiltesi Bahge Bitkileri Boliimiine ait Soguk Hava Deposunda 35 giin boyunca depolanmustir. Belli
araliklarla depodan ¢ikartilan meyvelerde asagidaki analizler yapilmistir.

2.1. Agirhik kaybi

Depolama siiresince {riinlerde agirlik kayiplarini belirlemek amaciyla ayrilan 6rneklerde
Olciimler hassas terazi ile hasat donemi ve hasadi izleyen analiz dénemlerinde yapilmis olup agirlik
kayiplar1 % olarak hesaplanmaistir.

2.2. Renk, suda ¢6ztundr kuru madde, pH ve titre edilebilir asitlik

Depolama siiresince kayisilardaki kabuk rengi degisimleri Minolta CR-400 marka renk olcer
ile belirlenmistir. Sonuglar L", a*, b” C ve Hue® ag1 degeri olarak ifade edilmistir. pH degerleri, meyve
suyu elde edildikten sonra pH metre (Mettler Toledo ) probu direk daldirilarak okumalar
gergeklestirilmistir. Titre edilebilir asitlik, pH 8,1 olana kadar 0.1 N NaOH ¢ozeltisi meyve suyuna
eklenmis ve sonuclar % malik asit esdegeriyle hesaplanmistir (Cemeroglu, 2007). Suda ¢oziiniir kuru
madde miktar1 (SCKM) ise dijital bir refraktometre ile tespit edilmis ve sonuglar brix olarak ifade
edilmistir (Atago, Tokyo, Japonya).

2.3. Solunum hiz1 ve digsal etilen miktari

Solunum hizin1 belirlemek amaciyla, kayis1 meyveleri kapali ortam olarak kavanozlar igindeki
ortama verdikleri CO, miktar1 2 saatlik bekleme siiresinin sonunda Headspace Gas Analyser GS3/L
analyzer cihazi ile okunmustur. Meyvelerin solunum hizi degerleri hesaplanmasinda, agirlik ve hacim
degerleri kullamlmis ve mICO2kgth? olarak ifade edilmistir (Cavusoglu, 2008). Meyvelerin digsal
etilen tiretimi ise, kavanozlar iginde 2 saat bekleme siiresinde gaz sizdirmaz siringa araciligiyla 2 ml
etilen gaz1 GC-FID cihazina enjekte edilerek analiz edilmis ve etilen tiretimi ml CoHa/kgh olarak ifade
edilmistir (Guillén ve ark., 2013).

2.4. Toplam fenolik ve antioksidan kapasitesi

Toplam fenolik madde igerigi, Swain ve Hillis (1959) tarafindan belirtilen metoda gore
spektrofotometre ile belirlenmistir (Thermo Scientific Genesys 10S UV-VIS). Orneklerin absorbansi
725 nm'de okunmus ve Galik asit esdegeri (GAE) mg100 g taze agirlik (FW) olarak ifade edilmistir.

Toplam antioksidan kapasitesi Ferric Reducing Antioxidant Power (FRAP) yontemi ile ni
belirlemmistir ve érnekler 593 nm dalga boyunda okunarak sonuglar umol trolox esdegeri (TE) g FW
olarak ifade edilmistir (Benzie ve Strain, 1996).

2.5. istatistik analiz

Uzerinde durulan 6zellikler igin tanimlayici istatistikler; Ortalama ve Standart olarak ifade
edilmistir. Bu ozellikler bakimindan; uygulamalar ve depolama siireleri arasinda fark olup olmadigini
belirlemek amaciyla faktoriyel duzende tek yonli varyans analizi yapilmistir. Varyans analizini
takiben uygulamalar ve depolama siireleri ortalamalar1 arasindaki farki belirlemede Duncan testi
kullanilmigtir. Hesaplamalarda istatistik anlamlilik diizeyi %5 olarak alinmis ve hesaplamalar igin
“SPSS version 13.0” istatistik paket programi kullanilmstir.
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3. Bulgular ve Tartisma
3.1. Bulgular
3.1.1 Agirhk kaybh

Agirlik kaybir parametresi incelendiginde 0,2 mM MelA, 5 ppm sitokinin, 1000 ppm lavanta
yagl, 0,2 mM MeJA + 1000 ppm lavanta yagt ve 5 ppm sitokinin + 1000 ppm lavanta yagi
uygulamalar1 yapilan gruplarda depolar arasi fark 6nemli bulunmustur ve tiim gruplarda depolamanin
10. ve 15. Giliniinde uygulamalar arasi fark istatistiki olarak 6nemli bulunmustur (Cizelge 1).
Muhafaza siiresine paralel olarak biitiin uygulamalarda agirlik kayiplar1 artmistir. Depolamanin 25.
giiniinde agirlik kaybi en fazla kontrol grubunda (% 5,791) olurken en az agirlik kaybt 0,2 mM
MejA+1000 ppm sitokinin (% 3,446) uygulamasinda meydana gelmistir.

Cizelge 1. Depolama Suresi ve uygulamalara gore (Agirlik Kaybi) tanimlayici istatistikler ve
karsilastirma sonuglari

D.S Kontrol 0.2 mM MeJA 5 ppm Sitokinin 1000 ppm Lavanta MeJa + Lavanta E:\?I;:?;n *
0 0,000 0,000 0,000 + 0,000 B 0,000+ 0,000 B 0,000 + 0,000 C 0,000 + 0,000 B 0,000 + 0,000
5 0.843+0,390 0,764 +0,137 B 0,894+0,038B 1,166 +0,272C 0,856 + 0,028 B 0,872 + 0,001

Agirik 10 2,228 £0,217a 2,022 £0,619 Aab 2,467 £ 0,067 Bab 2,262 +0,409 Cb 1,712 £0,067 Bab 2,276 + 0,060 a
kaybr 15 3,867 +0,300a 2,558 £ 0,083 Ab 3,644 + 0,109 Aa 3,448 £ 0,440 Ba 2,290 £ 0,070 ABb 2,276 £ 0,060 b

25 5,792+0,670 3,654 + 0,106 B 4820+0,150 A 4,633+0,471A 3,446+ 0,076 B 3,665 + 0,219

35 . . . . 4,603 £ 0,082 A
P degeﬂerii Pva =0,120; PDegoIama siresi = 0,0002; PUyguIamax Depolama siiresi interaksiyonu =0,038
— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘‘Uygulamalar’” arasi fark 6nemlidir (p<0.05). | A. B. C: Ayni siitunda (ayn1 uygulamada) farkli biiyiik harfi alan
“‘Depolama Siireleri’” arasi fark 6nemlidir (p<0.05).

3.1.2. Renk, Suda Cézunur Kuru Madde, pH ve Titre Edilebilir Asitlik

Derim sonrast farkli uygulamalarin sogukta muhafaza sirasinda, Bebeko kayisi ¢esidinde
meyve kabuk rengi L*, a*, b* C° ve h° degerleri iizerine etkisi Cizelge 2’de sunulmustur. L* degeri
acisindan 0.2 mM MeJA ve 0,2 mM MeJA + 1000 ppm lavanta uygulamalari, a* degeri agisindan ise
1000 ppm lavanta ve 0.2 mM MeJA + 1000 ppm lavanta uygulamalar1 depolama siireleri arasindaki
fark istatistiki olarak oOnemli bulunmustur. b* degeri ele alindiginda; 1000 ppm lavanta
uygulamasinda, depolama siireleri arasi fark 6nemli bulunmustur. Ayrica 15. giinde biitiin uygulamalar
arasi fark istatistiki olarak 6nemli bulunmustur (Cizelge 2). L* degeri baslangica gore genel olarak bir
artig gosterse de renk degerini 25. glin sonunda en iyi koruyan uygulama 0,2 mM MeJA + 1000 ppm
lavanta (60,93) olarak tespit edilmistir. a* ve b* degerlerinde baslangica gore biitiin uygulamalarda bir
artis gozlenmistir. a* degerindeki (20,675) artis en fazla kontrol grubunda goriiliirken b* degerindeki
(50,605) artis en fazla 1000 ppm lavanta uygulamasinda bulunmustur. a* ve b* degerlerindeki artis
kayisilarda olgunlagmayla birlikte klorofilin pargalanip yesil rengin kaybolmasi, sar1 ve kismen
kirmizi renk veren maddenin meyvede birikmesi olarak agiklayabiliriz. Biitiin renk degerleri birlikte
incelendiginde 0,2 mM MeJA + 1000 ppm lavanta uygulamasi renk degisimini geciktirdigi
gorilmiistiir.

SCKM parametresi agisindan 0,2 mM MeJA ve 1000 ppm lavanta uygulamalarinin; depolama
stireleri arasindaki fark 6nemli bulunmustur (Cizelge 2). Tum gruplarda SCKM miktar1 baslangica
gore depolamanin sonunda azalmistir. Depolamanin 25. giiniinde en yiiksek SCKM igerigi kontrol
grubunda ( % 8,35) tespit edilmistir.

TEA ve pH degerleri istatistiki olarak incelendiginde; TEA degeri i¢in 0.2 mM MelJA
uygulamasinda depolama stireleri arasindaki fark onemli bulunmustur. pH degeri igin ise 0.2
MeJA+1000 ppm lavanta uygulamasinda depolama siireleri arasindaki fark istatistiki olarak énemli
bulunmustur (Cizelge 2). Muhafaza siiresi boyunca tiim gruplarda baslangica gére genel olarak bir
artig goriilmiistiir. pH depolamanin 25. giiniinde en yiiksek kontrol grubunda (3,695) goriilmiistiir.

Titre edilebilir asitlik depolama siiresi boyunca dalgalanmalar gostermistir. Baslangica gore
kontrol grubu ve 1000 ppm lavanta uygulamasinda diisiis goriiliirken diger uygulamalarda artis
gOrllmiistir. En yiikksek TEA 0,2 mM MeJA + 1000 ppm lavanta uygulamasinda tespit edilmistir.
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Cizelge 2. Depolama Suresi ve uygulamalara gore (L*, a*, b*, SCKM, pH, TEA) tanimlayic1
istatistikler ve karsilagtirma sonuglari

D.S Kontrol 0.2mM MeJA 5 ppm Sitokinin 1000 ppm Lavanta MeJa + Lavanta Stzt;nr:?;
0 61,225+0,095 61,225 £ 0,095 BC 61,225 + 0,095 61,225 + 0,095 61,225 £ 0,095 AB 61,225 + 0,095
5 63,945 £ 2,235 62,975 £ 0,275 AB 63,335 = 1,155 62,430 = 1,180 63,390 £ 0,250 A 62,765 = 0,975
L* 10 62,590 + 0,820 64,320 1,060 A 63,245 = 4,025 65,345 * 1,665 63,515+0,235 A 62,950 = 0,800
15 59,450 £1,970 59,440 £1,070 C 59,955 + 0,235 62,650 + 0,030 63,220 £1,450 A 60,710 + 0,670
25 61,875+ 0,505 62,665 = 0,055 AB 62,080 = 1,720 63,430 = 0,150 60,930 = 0,200 AB 63,105 * 0,285
35 .. . . . 57,910 £1,770 B .
P degerleri: Puygulama = 0,567, Ppepolama siiresi =0,251 ; Puygulama x Depolama siiresi interaksiyonu = 0,042
0 19,075+%0,395 19,075 £ 0,395 19,075 £ 0,395 19,075+£0,395 A  19,075%+0,395 A 19,075 = 0,395
5 13,420 £ 3,310 16,100 * 0,220 16,785 * 2,675 15,225 £ 0,965 B 12,530 £ 0,340 B 17,665 * 0,385
a* 10 17,980 + 0,140 14,355 £ 1,175 16,160 + 2,740 12,280 + 0,300 C 13,030 +£1,020 B 14,855 + 1,275
15 19,840 = 0,640 19,820 £ 1,990 17,710 + 1,650 15,375+1,215B 14,915 + 0,555 AB 17,655 0,985
25 20,6750,715 17,945 £ 0,825 20,165 £ 1,145 16,330 £ 0,340 B 18,645+ 0,975 A 18,690 * 1,460
35 .. . . . 17,775+ 2495 A .
p degerleri: Puygulama = 0,431, Poepotamasiresi =0,448 ; Puyqulama x Depolama siresi interaksiyonu_= 0,037
0 46,645 +0,995 46,645 + 0,995 46,645 + 0,995 46,645 £ 0,995 C 46,645 + 0,995 46,645 £+ 0,995
5 50,480 +1,630 49,180 £ 0,110 48,990 + 1,540 47,645 +1,315BC 49,925 + 0,125 47,495 £ 0,715
- 10 47,880 = 0,050 48,590 * 2,400 51,405 * 4,405 52,675 +0,885 A 47,040 £ 0,740 47,840 = 2,530
15 45,030+1,230b 45,020 £1,110 b 44,810 +£0,120 b 47,965 + 0,435 BCbh 48,390 + 0,170 a 46,240 + 0,680 ab
25 48,850 + 0,810 49,990 * 0,220 49,635 + 0,755 50,605 + 0,225 AB 48,050 + 0,450 49,200 * 0,050
35 .. . . . 46,125 + 1,875
P degerleri: Puygulama = 0,321, Ppepolama siiresi =0,433 ; Puygulama x Depolama siiresi interaksiyonu = 0,028
0 9,750 0,350 9,750 £ 0,350 A 9,750 + 0,350 9,750 £ 0,350 A 9,750 + 0,350 9,750 £ 0,350
5 9,300 £ 0,200 9,850 £ 0,450 A 9,000 + 0,000 8,400 £ 0,000 ABC 8,700 + 0,100 9,100 £ 0,200
SCKM 10 8,300 + 0,600 8,550 + 0,550 AB 8,950 + 0,650 9,200 £ 0,500 AB 9,500 + 0,700 8,300 + 0,600
15 9,900 = 0,200 7,300 £0,800 BC 8,350 £ 1,650 7,500 £0,300 BC 8,100 £ 1,500 8,550 + 0,650
25 8,350+ 0,250 5,650 £ 0,350 C 7,800 £ 0,300 6,750 £1,050 C 7,150 + 0,250 7,350 £ 0,650
35 .. . . . 8,550 + 0,150 .
p degerleri: Puygulama = 0,681, Poepotamasiresi =0,498 ; Puyqulama x Depolama siresi interaksiyonu_= 0,048
0 3,435+0,065 3,435+ 0,065 3,435+ 0,065 3,435+ 0,065 3,435+ 0,065 B 3,435+ 0,065
5 3,435+0,025 3,480 + 0,060 3,430+ 0,010 3,450 + 0,040 3,405+ 0,005 B 3,415+ 0,045
pH 10 3,535+ 0,005 3,510 £ 0,060 3,520 + 0,040 3,455 £ 0,015 3,455+ 0,015AB  3,435+0,005
15 3,520+ 0,010 3,515 + 0,005 3,440 £ 0,030 3,415+ 0,035 3,450+ 0,040 AB 3,515+ 0,065
25 3,695+0,135 3,535+ 0,015 3,530+ 0,030 3,600 + 0,010 3,580 + 0,000 B 3,495+ 0,015
35 .. . . . 3,760 £ 0,050 A
P degerleri: Puygulama = 0,081, Ppepolama siiresi =0,151 ; Puygulama x Depolama siiresi interaksiyonu = 0,021
0 1,307%0,201 1,307+0,201 B 1,307 £ 0,201 1,307 £ 0,201 1,307 £ 0,201 1,307 £ 0,201
5 1,420+0,301 1,997 +0,154B 1,511 + 0,084 1,812 + 0,090 1,826 + 0,124 1,896 + 0,107
TEA 10 1,350 +0,003 1,457 £ 0,003 B 1,293 £ 0,167 1,360 + 0,013 1,380 £ 0,074 1,638 + 0,023
15 1,642 0,007 1,199 £ 0,107 A 1,126 + 0,228 1,136 £ 0,191 1,142 + 0,191 1,404 £ 0,070
25 1,276 £ 0,064 1,142 £ 0,064 B 1,327 £ 0,161 1,203 £ 0,077 1,501 + 0,094 1,457 £ 0,131
35 1,548 £0,121 .

p degerleri: Puygulama = 0,256; Poepolama siiresi =0,287 ; Puygulama x Depolama siiresi interaksiyonu = 0,015

— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘“‘Uygulamalar’” arasi fark 6nemlidir (p<0.05). | A. B. C: Ayni siitunda (ayn1 uygulamada) farkli biiyiik harfi alan
“‘Depolama Siireleri’” arasi fark 6nemlidir (p<0.05).

3.1.3. Solunum hizx ve digsal etilen miktari

Solunum hizi (SH) parametresi incelendiginde kontrol, 0.2 mM MeJA ve 0,2 mM MelA +
1000 ppm lavanta uygulamalari depolama siireleri bakimindan fark 6nemli bulunurken, depolama
siiresi sonunda uygulamalar arasi fark kontrol grubuna goére diger tiim uygulamalar istatistiki olarak
onemli bulunmustur (Cizelge 3). Dissal etilen miktar1 kontrol ve 5 ppm sitokinin, 5 ppm sitokinin +
1000 ppm lavanta yagi uygulamalar1 depolama siireleri arasindaki fark istatistiki olarak 6nemli
bulunmustur (Cizelge 3). Digsal etilen iiretimi ve solunum hizinda meydana gelen degisimler
incelendiginde hem etilen hem de solunum, depolamanin 5. giinde diismiis daha sonra ise diizenli
olarak artmustir. En yiiksek solunum hizi ve etilen {iretimi kontrol grubu 25. giin drneklerinde tespit
edilmigtir. Depolamanin 25. giiniinde en diisiik solunum hiz1 ve etilen iiretimi, 0,2 mmol MeJA + 1000
ppm sitokinin uygulamasi yapilan meyvelerde tespit edilmistir.
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Cizelge 3. Depolama Siiresi ve uygulamalara gore (SH, Etilen) tanimlayici istatistikler ve karsilagtirma sonuglari

D.S Kontrol 0.2 mM MeJA 5 ppm Sitokinin 1000 ppm Lavanta  MeJa + Lavanta Slﬁ(‘;l\(/g:g;
0 77399+2874C 77,399+2874B  77,399+2,874 77,399 +2,874 77,399+2874 B 77,399 £2,874
5 75888+2231C 72,180+0,772B  70,455+4,853 74,146 + 6,942 72,528 +3,886 B 75,271 + 2,551
10 95,203 + 12,573 BC 104,449+2,481 A 89,389 +11,399 94,991 + 2,089 103,398 £+ 1,914 A 92,611 + 12,981

SH 15 111,887+4,118B 104,534 +4,670 A 92,095 + 22,205 102,343 +24,013 94,964 £10,317 A 103,810 + 5,368
25 152,662 +7,207 Aa 100,663 + 4,000 Ab 109,386 +8,360 b 107,156 +9,085b 96,893 + 0,751 Ab 107,182 + 16,054 b
35 .. . . . 102,402+ 1096 A ..
p degerleri: Puyqulama = 0,118; Poepotemasiresi =0,111 3 Puyqulama x Depolama siresi interaksiyonu= 0,002

0 1430£0,192B 1,430 £0,192 1430+£0,192B 1,430 +0,192 1,430 £0,192 1,430+0,192B
5 0,628 +£0,065B 0,873 +0,013 0,680+0,149C 0,608 0,115 0,752 + 0,381 0,604+0,114B

Etilen 10 0,885+0,199B 0,908 + 0,077 0,893 +0,196 BC 0,718 +0,180 0,982 + 0,406 0,960 £ 0,234 B
15 1,366 +0,417B 1,438 £ 0,046 0,762 +0,092C 1,467 £0,308 1,169 £+ 0,080 0,883+ 0,158 B
25 3,847 +£0,705 A 2,497 + 1,058 2,624 +0,209 A 1,859 +0,477 1,670 £ 0,955 2,770 £ 0,368 A
35 .. 2,382 + 0,087

p degerleri: puyquiama = 0,217; Pocpotama siresi =0,445 ; Puyguiama x Depolam siresinteraksivons_= 0,032
— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ¢‘Uygulamalar’” arasi fark 6nemlidir (p<0.05). | A. B. C: Ayni siitunda (ayni uygulamada) farkl biiyiik harfi alan
“‘Depolama Siireleri’” arasi fark 6nemlidir (p<0.05).

3.1.4. Toplam antioksidan kapasitesi ve toplam fenolik icerigi

5 ppm sitokinin ve 0,2 mM MeJA haricinde, depolama siresince genel olarak meyvelerin
toplam antioksidan kapasitesinde (TA) artis goézlemlenmistir. Depolama sonunda en yiiksek
antioksidan kapasitesi 36,217 pmol TE/g ile kontrol grubunda tespit edilmistir. Toplam fenolik
iceriginde (TF) ise bitin uygulamalarda depolama baglangicina gore bir azalis tespit edilmistir. Fakat
s0z konusu uygulamalarda depolama sonunda kontrole gore, daha yiiksek toplam fenolik igerigi
belirlenmistir.

Toplam antioksidan kapasitesi kontrol ve 5 ppm sitokinin + 1000 ppm lavanta uygularinda
depolama siireleri arasi fark 6nemli bulunmustur ayrica biitiin uygulamalar arasindaki fark 5. ve 25.
giinde istatistiki olarak 6nemli bulunmustur (Cizelge 4).

4. Tartisma
4.1. Agirhk Kayb

Biitiin uygulamalarda agirlik kaybi1 kontrol grubuna gore daha az olmustur. Ayrica biitiin
gruplarda agirlik kaybinin beklenenden az olmasi MAP igerisindeki oransal nem igeriginin fazla
olmas1 MeJA, sitokinin ve ugucu yaglarin depolama siirecinde agirlik kaybini nispeten korumasi ile
iliskilendirilebilir.

MAP ile kaplanan iiriinlerde yapilan ¢alismalarda MAP’1n agirlik kayiplarini azaltmada etkili
oldugunu bulmuslardir. (Lazan ve ark., 1990; Paull and Chen, 1989; Guillen ve ark., 2007)

Cizelge 4. Depolama Siiresi ve uygulamalara gore (TA, TF) tanimlayici istatistikler ve karsilagtirma
sonuglari

D.S Kontrol 0.2 mM MeJA 5 ppm Sitokinin 1000 ppm Lavanta ~ MeJa + Lavanta Slic;l\(/g::tn;

0 26,061+1,180B 26,061 1,180 26,061 +1,180 26,061 = 1,180 26,061 £ 1,180 26,061 +1,180 B
5 24,460 +1,197 Ba 24,894 +0,740 a 25,181 +£0,457a 20,660+0,193b 24,952 £1,239 a 27,168 £ 1,230 Ba
10 32,561 +2,046 A 33,004 + 5,954 29,320 £ 0,906 29,775 = 0,146 31,959 £1,763 33,480 £1,094 A
15 34,194 +1,865 A 25,726 + 4,552 30,802 £ 0,359 27,853 = 4,792 30,493 £ 2,958 30,144 1,202 AB
25 36,218 +£0,916 Aa 25,861 +1,384b 25,945 +3,239b 28,061 +0,643 b 31,517 £0,336 ab 34,455 +2,039 Aa
35 .. . . . 28,786 + 2,426

p degerleri: Puygulama = 0,621, Ppepolama siiresi =0,442 ; Puygulama x Depolama siiresi interaksiyonu = 0,039

0 19,534 +1,468 19,534 + 1,468 19,534 + 1,468 19,534 + 1,468 19,534 + 1,468 19,534 + 1,468

5 16,034 £6,126 17,500 * 1,449 15,180 * 0,410 18,932 £ 0,420 15,072 + 0,889 13,246 £ 1,296

10 17,038 + 1,157 18,205 + 0,779 17,414 + 2,133 15,320 + 2,090 20,538 + 1,852 14,459 + 0,710

15 15,356 + 0,153 17,325 + 0,805 17,456 + 1,357 17,108 + 6,505 19,293 + 3,773 15,100 + 2,857

25 13,551 +0,193 16,732 £ 6,910 15,866 + 2,674 17,649 £ 2,870 12,518 * 2,499 16,557 £ 4,790

35 .. .. . . 17,096 + 0,483 ..

p degerleri: Puygulama = 0,311; Poepolama siiresi =0,287 ; Puygulama x Depolama siiresi interaksiyonu = 0,015

— a. b. ¢: Ayni satirda farkli kiigiik harfi alan ‘“‘Uygulamalar’” arasi fark 6nemlidir (p<0.05). | A. B. C: Ayni siitunda (ayni uygulamada) farkli biiyiik harfi alan
““‘Depolama Siireleri’” arasi fark 6nemlidir (p<0.05).

TA

TF
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4.2. Renk, suda ¢6zunur kuru madde, pH ve titre edilebilir asitlik

Meyveler metobolik aktivite siiresince organik asitlerini tiikettiginden dolayi, depolama
periyodu boyunca asitlik miktar1 diisebilir (Jin ve ark., 2012). Hasat sonrast armutlara farkli dozlarda
uygulanan MeJA’nin meyvelerde ¢iiriimeleri engelledigi ve meyve eti sertligi, suda ¢ozinir kuru
madde miktar, titre edilebilir asitlik gibi parametreleri iizerine bir etkisinin olmadig1 bildirilmistir
(Zhang ve ark., 2009). Akan ve ark., (2019) sarimsaklara hasat sonrasi farkli dozlarda uygulanan
MeJA’nin; titre edilebilir asitlik miktarini artirarak olumlu bir etkiye sahip oldugunu belirtmislerdir.
Ayrica arastirmacilar ahududu meyvelerinde (Wang ve Zheng, 2005) ve sarimsakta (Casado ve ark.,
2014) MeJA’nin titre edilebilir asit miktarim artirdigini ileri stirmislerdir.

Gajewski (2002)’ye gore, riinlerde solunum metabolizmasina bagli olarak suda ¢6ziiniir kuru
madde miktarinda diislislerin meydana gelebilecegi bildirmistir.Ayrica, arastirmacilar tarafindan suda
¢Ozinur kuru madde miktarinda artiglarin meydana gelmesini Urunlerde su kaybindan kaynakli
olabilecegi, fakat suda ¢oziiniir kuru madde miktarinda azaliglarin meydana gelmesini ise solunumda
sekerlerin tiiketilmesi sonucu olabilecegini belirtmislerdir (Akan ve ark., 2019; Ozden ve Bayindirli,
2002; Torun, 2015).

Hasat sonrasi meyvelere uygulanan MeJA’nin meyve kabugunda renk degisimlerini
engelledigi bildirilmistir (Martinez-Esplaa ve ark., 2014; Oztlrk ve ark., 2014).

Depolama boyunca meyvelerde kayiplar meydana gelmektedir (Kiigiik Basmaci ve ark., 2018)
.Serrano ve ark., (2005)’e gore modifiye atmosfer kosullarinda depolanan kirazlarda 6jenol, timol ve
mentol gibi ugucu bilesiklerin agirlik kaybi, sertlik ve renk degisimleri {izerinde olumlu etkilerinin
oldugunu ayrica iiriin kalitesini koruyarak muhafaza Omriinii uzattigini tespit etmislerdir. Hasat
zamaninda veya depolama siirecinde uygulanan dogal olarak elde edilmis bitkisel yaglarin SCKM ve
TEA tizerinde etkili oldugu bulunmustur (Ju ve ark., 2000). Hasat sonras1 uygulanan MeJA ve ugucu
yaglarn iiriinlerde daha yiiksek organik asit ve sekerlerin birikmesine neden oldugu iddia edilmistir
(Wang, 2003). Diger taraftan hasat sonrasi muzlara uygulanan feslegen yagimin olgunlasmayi
geciktirdigi, fakat SCKM {izerinde dnemli bir etkisinin olmadig belirtilmistir (Anthony ve ark., 2003).

Sitokinin hicre bélinmesinde rol oynayan bir hormon olup sebzelerde raf émrinu uzatan
(Zhang ve ark., 2014) hiicre duvari bozulmalarin1 ve yaslanmanin engellemesinde Gnemli bir rol
oynamaktadir (Massolo ve ark., 2014). Hasat 6ncesi uygulanan sitokinin uygulamalarinin meyve
biiytikligiinii ve seker icerigini artirdigi bilinmektedir (Nickell, 1986; Ogata ve ark., 1988). Hasat
sonrasinda sitokinin uygulamalar1 ¢ok sinirhi sayida ¢alisma mevcuttur. Ornegin litchi (¢in agaci
meyvesi) meyvesine hasat sonrasi uygulanan sitokinin yaslanmay1 geciktirdigi (YueMing ve JiaRui,
1998) bunun yanisira yesil zeytinlerde yaslanmay1 ayni1 uygulamanin solunumu ve renk degisimlerini
hizlandirdigr tespit edilmistir (Tsantili ve ark., 2002). Disardan sakiz kabagina uygulanan sitokinin
hormonunun renk degisimleri tizerinde olumlu bir etkisi olmadig1 (Juane ve ark., 2014) fakat seker
igerigini arttirdigr bildirmislerdir (Antognozzi ve ark., 1996).

4.3. Solunum ve dissal etilen miktari

Kayis1 meyvesi orta diizeyde solunum hizina sahiptir. Depolamanin ilk haftasinda solunum ve
etilen hizinda bir diisiisiin meydana geldigi belirlenmistir. Bu diisiis, kayisilarin MAP kosullarinda
sogukta muhafazaya alinmas1 dolayisiyla liriiniin metabolizmasinda gerceklesen yavaslama kaynakli
oldugu disiiniilmektedir. Erkan ve Pekmezci (1997), ortamin atmosfer bilesimin meyvelerin solunum
siddetine ve etilen tliretimine etki eden onemli faktorlerden biri oldugunu, bu bilesimin degismesinin
meyvelerin solunum ve olgunlagsma hizlari1 da onemli Slgiide etkiledigini belirtmislerdir. Kontrol
grubuna gore biitlin uygulamalar etilen {iretimi ve solunu hizi inhibe edilmistir. Bu etki, etilenin 6nciil
molekdili olan 1-aminosiklopropan-1-karboksilik asitin (ACC) olusumunu veya etilene doéniistimiinii
engellemesinden kaynaklandig1 degisik galismalarda bildirilmistir (Leslie and Romani, 1986; Ozeker,
2005; Peng and Jian, 2006). Mevcut calismada hasat sonrasi yapilan uygulamalarin hem solunum
hizinda hemde dissal etilen miktarinda olumlu etkileri oldugu soylenebilir.
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4.4. Toplam fenollik ve antioksidan kapasitesi

Fenolik bilesiklerin antioksidan aktiviteleri, oksidasyon sonucu olusan serbest radikallerin
hasara neden olan etkisini yok etmede etkili olduklar1 (Kipcak ve ark., 2019) ve kayisi meyvelerinin
fenolik bilesikler acisindan oldukg¢a zengin ve rakimin fenolik bilesikleri agisindan énemli oldugunu
bildirmiglerdir (Kan ve Karaat., 2019). Ayrica, arastirmacilar fenolik bilesiklerle iligkili olan
antioksidanlarin, dejeneratif hastaliklarin etkisini yok etmede etkili oldugunu bildirmislerdir (Aviram
ve ark., 2008; Mertens-Talcott ve ark., 2006). Metil Jasmonate, allil izotiyosiyanat, etanol ve ¢ay yagi
gibi dogal olan ugucu bilesiklerin meyve ve sebzelerde iiriin kalitesini korudugu ile ilgili ¢alismalar
ylritiilmiistiir (Chanjirakul ve ark., 2006). Hasat sonrasi uygulanan MeJA uygulamalarinin genel
olarak toplam fenolik igerigini ve antioksidan kapasitesini artirdig1 belirtilmistir (Wang and Zheng,
2005; Wang ve ark., 2008). Hasat oncesi uygulanan sitokinin uygulamalarinin ise ananas, kivi, kiraz
ve lziimlerde olgunlasmay1 geciktirdigi bildirilmistir (Adaniya, 2004; Kim ve ark.,2006; Marzouk ve
Kassem,2011; Zhang ve Whiting, 2011). Ayrica Huang ve Jiang (2012)’ye gore, brokoli taglarina ve
muz meyvelerine hasat sonrasi uygulanan sitokinin hormonunun raf Omriinii uzattigi ve fungal
enfeksiyonlari azalttig1 rapor edilmistir.

5. Sonug

Mevcut ¢alismada elde ettigimiz bulgular, hasat sonrasi hem MeJA, sitokinin ve lavanta
yaginin birbirinden ayr1 uygulanmas: hem de bu bilesikler arasinda kombinasyonlarin uygulanmast
solunum, etilen, antioksidan kapasitesi ve toplam fenolik igerigi lizerinde olumlu etkileri oldugu tespit
edilmistir. MeJA veya lavanta yaginin tek baslarina kullanimi kalite parametreleri olan SCKM, TEA,
pH ve kabuk rengi tizerine etkisinin olmadigi, fakat MeJA+ lavanta, sitokinin, sitokinin + lavanta
uygulamalarinin s6z konusu parametreler agisindan olumlu bir etkisinin oldugu tespit edilmistir.
Nitekim c¢alisma sonunda, 0.2 mM MeJA + 1000 ppm lavanta yagi uygulanan meyvelerin 35 giin,
diger uygulamalar ile muamele edilmis meyvelerin (0,2 mM MeJA, 1000 ppm lavanta yagi, 5 ppm
sitokinin ve 5 ppm sitokinin+1000 ppm) ise 25 giin muhafaza edilebilecegi kanisina varilmistir.
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Oz: Bu calisma, Allium schoenoprasum bitkisinin etanol ektresinin, insan
saghgim etkileyen bazi antioksidan parametreler ve patojen mikroorganizmalar
lzerindeki etkisi arastinlmigtir. Bu kapsamda, A. schoenoprasum etanol
ekstresinin  antioksidan etkisini belirlemek icin DPPH (1,1-difenil-2-
pikrilhidrazil) yontemi kullanilmigtir. Lipid peroksidasyonunu 6nleme
aktivitesi, TBA (Tiyobarbiturik asit) yontemi ile degerlendirilmistir. Ayrica
bitki ekstresinin bazi patojenik bakteriler iizerindeki antimikrobiyal etkinligi
disk diflizyon yontemi ile arastirilmigtir. Toplam flavonoid bilesenleri
belirlemek iginde kuersetin kullanilmigtir. Bulgularimiza gore, 0.2 mg/ml etanol
ekstresinde bulunan toplam flavonoid bilegsen miktar1 44.465 + 0.204 pg/ml ile
kuersetine esdeger olarak bulunmustur. Ayrica bitki ekstresinin lipid
peroksidasyonunu énleme aktivitesi, pozitif kontrol olan BHA (Beta hidroksi
asit) ile kiyaslandiginda A. schoenoprasum etkili oldugu goriilmistiir. DPPH
radikal sondiirme aktivitesi en diisiik ve en yiiksek konsantrasyon degerleri, %
60,125 - 96,285 iken BHA igin bu degerler % 82,178 - 97,357 oldugu
bulunmugtur. A. schoenoprasum’un etanol ekstresinin, Bacillus subtilis,
Escherichia coli, Pseudomonas aeruginosa, Enterococcus faecalis, Candida
albicans gibi bazi patojen mikroorganizmalara karsi antimikrobiyal aktivite
gosterdigi belirlenmistir.
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Abstract: This study, the effect of ethanol extract of Allium schoenoprasum
plant was investigated on some antioxidant parameters and pathogenic
microorganisms that affect human health. In this coverage, DPPH (1,1-
diphenyl-2-picrilhydrazyl) method was used to determine the antioxidant effect
of A. schoenoprasum ethanol extract. Lipid peroxidation prevention activity was
evaluated by TBA (Thiobarbituric acid) method. Besides, the antimicrobial
activity of plant extract on some pathogenic bacteria was investigated via disk
diffusion method. Quercetin was used to determine total flavonoid components.
According to our findings, the total flavonoid component amount found in 0.2
mg/ml ethanol extract was found equivalent to quercetin with 44.465 + 0.204
pg/ml. In addition, A. schoenoprasum showed that it was effective compared to
BHA (Beta hydroxy acid), which is the positive control of lipid peroxidation
activity. While the lowest and highest concentration values of DPPH radical
Scavenging activity were 60,125 - 96,285%, these values were found to be
82.178 — 97.357% for BHA. Ethanol extract of A. schoenoprasum, was
determined to show antimicrobial activity against some pathogenic
microorganisms such as Bacillus subtilis, Escherichiacoli, Pseudomonas
aeruginosa, Enterococcus faecalis, Candida albicans.
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1. Giris

Modern tip ve ilag endiistrisindeki gelismelere ragmen, tibbi bitkiler yillardan beri gesitli
hastaliklarin tedavisinde yaygin olarak kullanilmaktadir. Bu bitkilerin igeriginde bulunan bilesenler
guclu antioksidan etki olusturabilirler (Stajner ve ark., 2011). Antioksidanlar, oksidatif stres sonucu
olusan reaktif oksijen tiirlerinin (ROT), organizmada olusturabilecegi hiicresel hasari Onleyen
mekanizmalara sahiptirler. Antioksidanlar organizmada endojen olarak iiretildigi gibi, eksojen olarak
da dogal gidalardan veya bitkilerden elde edilirler. C ve E vitamini, karotenoidler, eser elementler
(selenyum, kukadrt, ¢inko), flavonoid ve polifenolik bilesikler besin takviyelerinden elde edilen eksojen
antioksidanlardir (Aslani ve Ghobadi, 2016; Shirshova ve ark., 2013).

Allium schoenoprasum Amaryllidaceae familyasindan olup, Allium cinsinin yenilebilir en
kiicuk tOriddr. Asya, Avrupa ve Kuzey Amerika’da dogada yabani olarak yetisebilen, aromatik ¢ok
yillik bitkidir (Losin ve ark., 2017). Tirkiye de 6zellikle Giineydogu ve Dogu Anadolu’da yetisen A.
schoenoprasum, taze yapraklari tiikketilmekte ve aromasi ile tinlii otlu peynire katilmaktadir. Bitki
bolgede sirmo, sirim, sirik olarak adlandirilmaktadir (Firat, 2015; Atasoy, 2010). Orta Cag’dan
giinlimiize kadar hem mutfak hem de tibbi amaglarla kullanilmaktadir (Singh ve ark., 2018).

A. schoenoprasum vitamin, mineral ve aminoasitler bakimdan zengin bir igerige sahip 6nemli
bir bitkidir (Singh ve ark., 2018). Ayrica fenolik, flavonoid, siilfiir gibi ¢ok c¢esitli fitokimyasal
bilesenlerde icermektedir (Stajner ve ark., 2011). Bu bilesenler c¢esitli hastaliklarin gelisimini
onlemede koruyucu etki saglayabilmektedir. Bitki geleneksel tedavi yontemlerinde hipertansiyon,
g0giis hastaliklari, kabizlik gibi rahatsizliklarin tedavisinde kullanilmaktadir (Barazani ve ark., 2004;
Parvu ve ark., 2014; Haro ve ark., 2017). Ayrica yapilan in vitro ve in vivo c¢aligmalarda,
antiinflamatuar, antihipertansif, antihelmintik, antikanser ve antioksidan etkiye sahip oldugu
bildirilmektedir (Sengupta ve ark., 2004; Timite ve ark., 2013; Parvu ve ark., 2014).

Bitkisel kaynakli maddelerin antioksidan potansiyelini degerlendirmek i¢in DPPH serbest
radikal sondirme yontemi siklikla kullanilir. DPPH analizi, antioksidanlarin radikal siipiiriicii
aktivitesini degerlendirmek i¢in kullanilan giivenilir ve ekonomik ydntemlerden biridir. Lipid
peroksidasyonu, serbest radikal kaynakli doku hasarinin en 6nemli sonuglarindan biridir. Asiri radikal
urunlerin birikimi lipid peroksidasyonu, protein oksidasyonu ve enzim inhibisyonu ile gelisen
oksidatif stres sonucu hicre 6limine neden oldugu bildirilmektedir (Alam ve ark., 2013). Antioksidan
bilesenler 6zellikle flavonoidler, serbest yag radikallerini inaktive ederek lipid peroksidasyonunu
onleyebilirler (Pokorny ve ark., 2001).

Bu ¢alismanin amaci; A. schoenoprasum etanol ekstresinin toplam flavonoid igerigi, serbest
radikal sondiirme aktivitesi ve bazi patojen bakteriler {izerinde antimikrobiyal etkinligini aragtirmak
i¢in planlanmugtir.

2. Materyal ve Yontem

Allium schoenoprasum (Sirmo) Van yoresinde Mayis - Haziran aylarinda toplanmistir. Bitki
materyali Van YYU Fen Fakiiltesi Biyoloji Bélimi Herbaryumunda gerekli identifikasyon islemleri
yapildiktan sonra, kayit altina alinmigtir (Stileyman Mesut Pinar, 7357). Daha sonra bitki gdlgede
kurutularak caligma i¢in uygun ortamda saklanmustir (Sekil 1, 2).

2.1. Bitki ekstraktinin hazirlanmasi

Golgede kurutulmus Allium schoenoprasum bitkisi, elektrikli degirmende 6giitiiliip toz haline
getirildikten sonra, %80’lik 4 It etanol icinde 3 glin manyetik karistirici altinda maserasyon islemi
uygulanmistir. Ekstre, daha sonra Whatman siizge¢ kagidindan gegirilerek rotary evaporatorde, 50°C
sicaklikta etanolden ayristirma islemine tabi tutulmustur. Elde edilen bitki ekstresi falkon tuplerine
konulup -80°C’de 5 giin bekletilmistir. Daha sonra liyofilizator cihazinda -80°C’de 48 saat liyofilize
islemi uygulanarak muhafaza edilmistir.
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Sekil 1. Allium schoenoprasum bitkisi (Kogak 2019). Sekil 2. Bitkinin gélgede kurutulma islemi.
2.2. Toplam flavonoid bilesen miktar tayini

Allium schoenoprasum etanol ekstresinin toplam flavonoid bilesen tayini Zhishen ve ark.,
(1999) calismasindan esinlenerek yapilmistir. Kuersetin 100 pg/ml’lik stok metanol ¢ozeltisi 5, 10, 15,
20, 25, 50 ve 100 pg/ml’lik konsantrasyonlarda gozeltileri hazirlandi. Calismanin konusu olan A.
schoenoprasum etanol ekstresinden 0,2 pg/ml’lik ¢dzelti aym1 zamanda hazirlandi. Daha sonra bu
cozeltiler Uzerine 0,1 ml % 10’luk AlGminyum nitrat (A1(NOz3)3), 0,1 ml 1 molar Potasyum asetat
(CH3CO:K) ve 3,8 ml metanol ilave edildi. Bu islemden sonra hazirlanmig olan tiiplere 1ml kuersetin
ve bitki ekstre c¢ozeltisi ilave edilip karistirildi. Elde edilen bu karisimlar 25°C de 40 dakika su
banyosunda inkiibasyona birakildi. Son olarak da bu islem bittikten sonra spektrofotometrede 425
nm’de absorbanslar1 okundu. Kuersetinin artan konsantrasyonuna gore etanol ekstresinin degerleri
grafige tasindi. Bu grafik sonucunda asagidaki esitlik elde edilmistir.

Absorbans (A) = 0.028 x kuersetin (ug) (R?=0,9989) Q)
2.3. DPPH radikal sondiirme aktivitesi

Allium schoenoprasum DPPH sondirme aktivitesini, Blois, (1958) tarafindan gelistirilen
yontem kullanilarak hesaplanmistir. Bu islemde pozitif kontrol olarak BHA kullanilmistir. 1 mg/ml
DPPH ve ayni oran da ekstre ¢Ozeltileri 8 ayr tiiplerde farkli konsantrasyonlarda 5, 10, 15, 20, 25, 50,
100 ve 200 pg/ml olarak hazirlandi. Etanol ekstresi ve pozitif kontrolden 3’er ml alinarak tuplere 1
Mm DPPH c¢ozeltisi ilave edildi. Tipler igerisinde olusan karigimlar 30 dk karanlikta ve oda
sicakliginda inkiibiisyona birakildi. Bu siire sonunda 517 nm’de absorbans degerleri okundu. Bu
islemlerin sonucu olarak artan DPPH etanol konsantrasyonuna karsin A. schoenoprasum etanol
konsantrasyonunun grafigi asagidaki esitlik kullanilarak elde edilmistir.

% | = [(A kontrol-A 6rnek)/A kontrol] x 100 2
2.4. Lipid peroksidasyon inhibisyon aktivitesi

Allium schoenoprasum etanol ekstresinin lipid peroksidasyonu 6nleme aktivitesi TBA
(Tiyobarbitlrik asit) metodu kullanilarak bulundu (Lo ve ark., 2005). Bu deneyde pozitif kontrol
olarak BHA (Butil hidroksi anisol) kullanildi. BHA % 97°lik etanol ¢dzeltisinde 30 mg/10ml ve ayni
sekilde ekstrenin % 70’lik etanol ¢ozeltisi igerisinde 4 ayr1 konsantrasyonlarda 50, 100, 200 ve 400
pg/ml olarak hazirlandi. Cozeltiler tizerine onceden hazirlanmis olan karaciger homojenati, bitki
ekstresi, demir (1) kloriir (FeCls), etilendiamin tetraasetik asit (EDTA), hidrojen peroksit (H20;) ve
askorbik asit ile sirasiyla her birinden 200 ml eklenerek Kkaristirildi. Daha sonra 37°C’de 1.5 saat
inkiibasyona birakild. inkiibasyondan sonra karisimin iizerine 1200 ml % 28’lik TCA (Trikloro asetik
asit) ilave edilerek 3000 rpm’de 15 dk santriftj edildi. Slpernatantlar alindiktan sonra {izerine 1200
ml TBA ilave edildi ve 100 °C 10 dk bekletildikten sonra Ornekler buz igerisine alinarak
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spektrofotometrede 532 nm’de absorbans degerleri okundu. Sonuglar artan ekstre absorbans
degerlerine karsin, % inhibisyon degerleri asagidaki denkleme gore grafige aktarilmistir.

% I = [(A kontrol-A 6rnek)/A kontrol] x 100 3
2.5. Antimikrobiyal aktivite

Yapilan ¢aligmada kullanilan patojenik mikroorganizmalar; Escherichia coli ATCC 25952,
Bacillus cereus ATCC 10876, Enterococcus faecalis ATCC 29212, Staphylococcus aureus ATTC
29213, Candida albicans ATTC 90028’olarak belirlenmistir. Mikroorganizmalar Van Yiiziinci Yil
Universitesi Molekiller Biyoloji ve Genetik bélumiinden temin edilmistir. A. schoenoprasum
bitkisinden elde edilen etanol ekstresinin antimikrobiyal aktivitesi, disk diflizyon yontemi kullanilarak
degerlendirilmistir (Sapct ve Vural, 2017). Calismanin pozitif kontrolii i¢in neomisin antibiyotigi
kullanilmaistir.

3. Bulgular
Pozitif kontrol olan kuersetin i¢in farkli konsantrasyonlardaki absorbans degerleri Sekil 3’de

gosterilmistir. Bitkinin etanol ekstresi 0,2 mg/ml’de igerdigi toplam flavonoid bilesen miktar
44,46525 £+ 0.204 pg / ml kuersetine es deger olarak bulunmustur.

120 - Kuersetin (Quercetin)

200 4 y = 159,99x - 9,8886
R? = 0,9989

80 -

60 -

40 -

Konsantrasyon (ug/ml)

O T T T T 1
0 0,2 0,4 0,6 0,8
Absorbans (a.u.)

Sekil 3. Kuersetinin artan konsantrasyonlarina karsilik absorbans degerleri.

250 - . . . .
BHA (Butil Hidroksi Anisol)
200 y=13,547x - 1121,8
R?=0,9901
glso -
‘5100 .
a
e
£ 50 -
[i-]
b
g 0 * T T T )
IjO 85 90 95 100
-50
Absorbans (a.u.)

Sekil 4. BHA nin artan konsantrasyonuna karsin 6l¢iilen absorbans degerleri.
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Pozitif kontrol olan BHA i¢in farkli konsantrasyonlardaki absorbans degerleri Sekil 4’de
gosterilmistir. Etanol ekstresinin DPPH radikal sondiirme aktivitesi Sekil 5’de gosterilmistir. Mevcut
caligmamizda, DPPH radikal sondiirme aktivitesi en diisiik ve en yiiksek konsantrasyon degerleri, %
60,125 - 96,285 iken BHA i¢in bu degerler, % 82,178 - 97,357 oldugu tespit edilmistir.

Grafik Bashgi
120
100
80

60
=f=—A.schoenoprasum

40 =f=BHA

20

]

'O« 5 10 15 20 25 50 100 200

Konsantrasyon (a.u.)

DPPH radikal séndiirme aktivitesi (%)

Sekil 5. Allium schoenoprasum bitkisinin etanol ekstresinin  farkli konsantrasyonlardaki
DPPH radikal sdndirme aktivitesi (pozitif kontrol olarak BHA kullanilmigtir).

En yiiksek konsantrasyon olan 800 pg/ml’de BHA’ nin lipid peroksidasyonu dnleme aktivitesi
% 97,79 iken, A. schoenoprasum bitkisinin, % 94,70 oldugu goriilmektedir (Sekil 6). A.
schoenoprasum etanol ekstresinin, lipid peroksidasyonunu énleme aktivitesinin, pozitif kontrol olan
BHA ile kiyaslandiginda etkili oldugu goriilmiistiir.

Disk diflizyon yontemi kullanilarak yapilan, antimikrobiyal aktivite ¢aligmasinin sonuglar
Cizelge-1'de gosterilmektedir. Elde edilen veriler incelendiginde bitki ekstraktinin Enterococcus
faecalis ATCC 29212, Escherichia coli ATCC 25952, Bacillus cereus ATCC 10876, ve
Staphylococcus aureus ATTC 29213 suslarina karsi antibakteriyel etki ve ayrica Candida albicans
ATTC 90028 mantarina kars1 antifungal aktiviteye sahip oldugu goriilmiistiir.

120 -
100 - _A—
80 -

60 -
=f=BHA

aktivitesi (%)

40 A.schoenoprasum

20 A

Lipid peroksidasyonu tnleme

0 50 100 200 400 800"
Konsantrasyon (pg/ml)

Sekil 6. Allium schoenoprasum bitkisinin lipid peroksidasyonunu 6nleme aktivitesi.
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Cizelge 1. Allium schoenoprasum ekstresinin antimikrobiyal aktivite sonuglari.

Test Mikroorganizmalar1 Inhibisyon ¢ap1 (mm)

Bakteri A. schoenoprasum Neomisin
Bacillus cereus ATCC 10876 14+0.1 21+0.1
Enterococcus faecalis ATCC 29212 13+04 15+0.3
Escherichia coli ATCC 25952 11+0.1 16+0.4
Staphylococcus aureus ATTC 29213 12+0.2 18+0.2
Mantar

Candida albicans ATTC 90028 16 £0.2 20+ 0.4

4. Tartisma ve Sonug

Insanlar uzun yillardan beri bitkisel kaynakli maddeleri cesitli amaglar icin kullanmislardr.
Gunlimuzde bitkiler birgok hastaligin tedavisinde, gida, kozmetik ve ila¢ endiistrisi gibi alanlarda
yaygin olarak kullanilmaktadir. Bitkilerin igeriginde bulunan fenolik ve flavonoid bilesenler, A, E, C
vitaminleri, terpenler ve karotenoidler, ¢esitli hastaliklarda koruyucu ve tedavi edici ozelliklere
sahiptirler. Glinumuizde stres, sigara, alkol kullanimi ve ¢esitli kimyasal ajanlara maruz kalma insan
viicudunda serbest radikallerin olusumuna neden olur. Bu radikallerin asir1 Gretimi oksidatif stresin
baglangicina ve antioksidan dengenin bozulmasina sebep olmaktadir. Bunun sonucunda hiicre hasari
ile birlikte yaslilik, diyabet, kardiyovaskdler ve kanser gibi hastaliklarin olusumuna neden olmaktadir
(Alam ve ark., 2013). Viicutta olugsan bu hastaliklarin 6nlemek i¢in insanlar tarafindan antioksidan
bilesen yoniinden zengin bitkilerden faydalanmaktadirlar. Bu amacla A. schoenoprasum bitkisinin bazi
antioksidan parametreler ve patojen mikroorganizmalar tizerindeki etkinligi degerlendirilmistir.

Bu ¢alismada A. schoenoprasum etanol ekstresinin toplam flavonoid bilesen miktar1 44.465 +
0.204 pg/ml kuersetine esdeger olarak bulunmustur (Sekil 3). Sinaga ve arkadaslarinin (2018) yaptigi
caligmada, Endonezya’da yetisen A. schoenoprasum bitkisinin farkli ¢ozeltilerdeki total flavonoid
icerikleri, etanolde 23.07+0.16, etil asetatta 34.64+1.60 olarak kuersetine esdeger olarak belirlenmistir.
A.schoenoprasum ve Allium cinsi bitkiler ile yapilan ¢alismalar ile sunulan ¢alisma kiyaslandiginda; A.
schoenoprasum etanol ekstresinin total flavonoid bilesen igerigi bakimindan zengin oldugu
gortlmektedir (Chen ve ark., 2013; Trifunschi ve ark., 2015; Myint ve ark., 2020). Allium cinsi;
sogan, frenk sogani, sarimsak ve pirasa gibi 6nemli bitkileri icermektedir. Allium tiirlerinde yaklasik
50 ¢esit flavonoid bilesenlerinin oldugu bildirilmistir (EI Shabrawy ve ark., 2014). Flavonoidler
saghgin korunmasi ve hastaliklarin nlenmesi igin olumlu etkiler saglamaktadir. Insan viicuduna
faydali sayisiz farmakolojik aktiviteleri nedeniyle antienflamatuar, antialerjik, antimutajenik,
kardiyoprotektif, enzimatik aktivitenin modulatorleri ve antikanser aktivitesinin yani sira ilaglarin
gelistirmesinde kullanilmistir (Wen ve ark., 2017). Ayrica oksidatif stres seviyelerini koruyarak
antioksidan etki gosterdigi bildirilmistir (Naeimi ve Alizadeh 2017). Sunulan ¢alismada A.
schoenoprasum bitkisinin toplam flavonoid bilesenleri bakimindan zengin olmasi oksidatif stres
kaynakli olusabilecek hastaliklara karsi faydali etkilerinin olabilecegini gostermektedir.

DPPH serbest radikal sondiirme aktivitesi biyolojik kaynaklarin antioksidan potansiyelini in
vitro olarak degerlendirmek i¢in kullanilan yontemlerden birisidir (Sharma ve Bhat, 2009; Alam ve
ark., 2013). Mevcut galismamizda, DPPH radikal sondiirme aktivitesi en diisiik ve en yiiksek
konsantrasyon degerleri Sekil 5’de gosterilmistir. A. schoenoprasum antioksidan etkinliginin
belirlenmesi i¢in yapilan calismada, DPPH yontemi ile bitkinin bas, sap ve yapraklarinin enzimatik
antioksidanlar1 (SOD, CAT, GPx) artirdigi, MDA, 02, OH" radikallerini ise azalttigini bildirmislerdir
(Stajner ve ark., 2004). Calismanin sonucunda en yiiksek aktiviteyi bitkinin yaprak kisminin gosterdigi
belirlenmistir. Bitkinin doku kiiltiirii organlarinin antioksidan aktivitesinin degerlendirildigi ¢alismada,
inceleme sonucunda A. schoenoprasum’un tiim doku organlarinin antioksidan aktivite gdsterdigini
ancak kok ve yapraklarin daha etkili oldugunu ileri stirmiislerdir (Stajner ve ark., 2011). Parvu ve
arkadaslarinin  (2014) vyaptigi c¢alismada, DPPH analiz sonuglarina goére bitkinin antioksidan
kapasitesinin diisiik oldugu bildirilmistir. Stajner ve arkadaslarimin (2009) Allium cinsi bitkilerin
antioksidan kapasitesini 0lgmek icin yaptiklari caligmada, A. schoenoprasum bitkisinin yaprak
kisimlarinin giiglii antioksidan kapasiteye sahip oldugu bildirmislerdir. Sunulan ¢alismada bitkinin
yaprak kisimlart kullanilmig ve yapilan ¢aligmalarla uyumluluk gostermistir. Egertm ve Tevini (2002)
ve Singh ve arkadaglarinin (2017) bildirdigi gibi, A. schoenoprasum’un antioksidan ozelliginin,
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bitkinin igerigindeki flavonoid bilesenlerinden olan kaempfrol bilesiginden veya bitkinin kuersetin ve
a-tokoferol bilesikleri icermesinden kaynakli olabilecegini diisiindiirmektedir.

Lipid peroksidasyonu, hiicre dliimiiniin yaygin bir sonucu olarak gelisen bir durumdur. Bu
durum inflamasyon, kanser, ksenobiyotiklerin ve yaslanmanin toksisitesinde peroksidatif doku
hasarina neden olabilir. Malondialdehit (MDA), lipid peroksidasyon sirecindeki son Grinlerden
birisidir. Malondialdehit (MDA), oksidatif hasar sirasinda, lipid peroksidasyonunun bir gostergesi
olarak kabul edilen serbest oksijen radikallerinin bir iiriinii olarak olusur (Alam ve ark., 2013; Shichiri
ve ark., 2014). A. schoenoprasum, Allium cinsi bitkilerin bir tyesidir (Singh ve ark., 2018). Cesitli
Allium cinsi olan (Allium sativum, Allium cepa gibi) bitkiler Gzerinde antioksidan kapasitelerinin
belirlenmesi i¢in yapilan ¢alismada, bitkilerin lipid peroksidasyonun gostergesi olan MDA
diizeylerinin artisin1 azalttig1 bildirilmistir (Stajner ve Verga, 2003). Ayrica farkli bir ¢galismada A.
sativum bitkisinin oksidatif stresi inhibe ederek, lipid peroksidasyonunu onemli derecede azalttigi
gOsterilmistir (Shrivastava ve ark., 2012). Stajner ve arkadaglar1 (2004), A. schoenoprasum’un bas, sap
ve yapraklarindaki antioksidan etkilerinin belirlendigi ¢alismada, bitkinin enzimatik antioksidanlart
SOD (sUperoksit dismutaz), CAT (Katalaz), GPx (Glutatyon peroksidaz) seviyelerini artirdigi, MDA
(Malonidialdehit), 02 (Superoksit), OH" (Hidroksil) radikallerini ise azalttigi bildirilmistir. Bu
caligmada, A. schoenoprasum bitkisinin pozitif kontrol BHA’ya gore karsilastirildiginda lipid
peroksidasyonu Onleme aktivitesinin etkili oldugu gorilmektedir (Sekil 6). Sunulan ¢alisma
literatiirlerle uyumluluk gostermektedir. A. schoenoprasum bitkisinin lipid peroksidasyonu inhibe
edici aktivitesinin igeriginde bulunan antioksidan aktivite gosteren bilesiklerden kaynaklanabilecegi
muhtemeldir.

Sunulan ¢alismada, Allium schoenoprasum bitki ekstresinin bazi patojen bakteriler olan
Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, Enterococcus faecalis, Candida albicans
Uzerinde inhibe edici etkisinin oldugu bulunmustur (Cizelge 1). Ceylan ve arkadaslari (2017)
yaptiklar1 ¢alismada, Vaccinium myrtillus (yaban mersini) bitki ekstraktinin gram pozitif bakterilere
kars1 ¢ok iyi bir etki gosterdigini tespit etmistir. Yapmis oldugumuz ¢alismada bitki ekstresinin gram
pozitif ve gram negatif bakterilere kars1 cok iyi bir inhibisyon ¢ap1 olusturdugu goriilmiistiir. Okmen
ve ark. (2017) farkli baharat gesitleri kullanarak elde ettikleri Oziitlerin antimikrobiyal etkisini
incelemis ve en yiikksegi 8 mm ¢apinda olan inhibisyon zonlar1 elde etmistir. Kuskit (Cuscuta
campestris) bitkisinin antifungal ve antibakteriyel etkinliginin arastirildig1 ¢alismada, bitkinin giiglii ve
orta diizeyde (13-19.66 mm/inhibisyon zonu) antimikrobiyal etkiye sahip oldugu tespit edilmistir.
(S6nmez ve ark., 2019). Parvu ve arkadaslar1 (2014), A. schoenoprasum bitkisinin esansiyel yaginin
gram pozitif ve gram negatif bakteriler iizerinde inhibe edici etki gdsterdigini bildirmislerdir. Sunmus
oldugumuz bu ¢alismada otlu peynirin yapisina katilan bitkilerden biri olan A. schoenoprasum’un
(sirmo) patojen bazi mikrorganizmalara karsi yaklasik 11-16 mm capinda inhibe edici bir etkisinin
oldugu tespit edilmistir. Rattanachaikunsopon ve Phumkhachorn (2008) bitkinin gida kaynakli bazi
patojen bakteriler tizerinde inhibe edici etkisinin oldugunu bulmuslardir. Ayrica aragtirmacilara gore
Amaryllidaceae familyasindaki bitkilerin antimikrobiyal etkisinden sorumlu bilesigin A.
schoenoprasum igeriginde de bulunan dialil stlfir bileseninden kaynakli oldugunu bildirmislerdir. Bu
calismada, bitki ekstresinin mikroorganizmalar (zerindeki inhibe edici etkisinin muhtemelen silfiir
bilesenleri ile iligkili olabilecegini diisiindiirmektedir.

Sonug olarak; ¢alismamizdan elde edilen veriler, A. schoenoprasum ekstresinin DPPH radikal
sondiurme aktivitesi, lipid peroksidasyonunu 6nleme ve bazi patojen mikroorganizmalara karsi
antimikrobiyal etkinliginin oldugunu gostermistir. Bu etkilerin muhtemelen bitkinin igeriginde
bulunan flavonoid, fenolik ve sulfir gibi biyoaktif bilesenlerden kaynakli olabilecegi diigiiniilmektedir.
Bu nedenle, A.schoenoprasum bitkisinin fitokimyasal bilesenleri ve farmakolojik etkilerinin molekiiler
temellerinin daha ileri ¢alismalarla desteklenmesi, oksidatif stres ve patojen mikroorganizma kaynakli
olusabilecek hastaliklara karsi alternatif tedavi yontemi olarak degerlendirilebilecegi kanaatindeyiz.
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Oz: Bu arastirma, tohumluk patates yumrusu dretiminde dikim oncesi
gibberellik asit uygulamalar: ile dikim sikliginin etkinliklerinin belirlenmesi
amaciyla Isparta kosullarinda 2016 ve 2017 yillarinda yiirtitilmistir.
Calismada, dikimden once tohumluk yumrulara 0, 1.5, 3.0 ve 4.5 ppm
dozlarinda GA3 uygulanmis ve yumrular 20, 25 ve 30 cm sira lizeri mesafelerde
dikilmistir. GAs uygulamalar1 patateste ana sal sayisi, ocakta yumru sayisi,
tohumluk yumru verimi ve toplam yumru verimini 6nemli derecede arttirmistir.
Dikim siklig1 arttikca ocakta yumru sayisi, ocak verimi ve ortalama yumru
agirhigl azalmig, tohumluk yumru verimi ile toplam yumru verimi ise artmistir.
Tohumluk yumru verimi bakimindan en etkili uygulamalar 3.0 ve 4.5 ppm GA3
uygulanarak 20 cm siklikta yapilan dikimler olmus, bu uygulamalar ile A smifi
tohumluk yumru veriminde yaklasik % 57, B sinifi tohumluk yumru veriminde
ise % 88 artis saglanmistir. Calismada patates yumrularinin dikim o6ncesi 3.0
ppm GA3 uygulanarak 20 cm sira iizeri mesafede dikilmeleri ile toplam yumru
veriminde azalma olmadan tohumluk smifina giren yumru veriminin
arttirillabilecegi anlagilmistir.
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Abstract: This research was carried out in 2016 and 2017 in Isparta conditions
in order to determine the effectiveness of pre-sowing gibberellic acid
applications and planting density on seed potato tuber production. In this study,
GA; was applied to seed tubers at 0, 1.5, 3.0 and 4.5 ppm before planting and
tubers were planted at different in-row spacing (20, 25 and 30 cm). GAs
applications significantly increased the number of main stem, number of tubers
per hill, seed tuber yield and total tuber yield. As the planting density increased,
number of tubers per hill, tuber yield per hill and average tuber weight
decreased while seed tuber yield and total tuber yield increased. Planting at 20
cm in-row spacing by applying 3.0 and 4.5 ppm GA; were the most effective
applications in terms of seed tuber yield and the Grade A seed tuber yield
increased by 57% and Grade B seed tuber yield increased by 88% with these
treatments. In the study, it was understood that seed grade tuber yield could be
increased without decreasing in total tuber yield with planted of tubers at a
distance of 20 cm in-row spacing by applying 3.0 ppm GA;s before planting.
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1. Giris

Patates (Solanum tuberosum L.) farkli iklim bdlgelerine adaptasyonunun yiiksek olmasi,
dengeli ve yiiksek besin degeri ve kullanim alanlarinin ¢esitliligi gibi nedenlerden dolayr Diinyanin
bir¢ok yerinde {iretimi ve tiikketimi hizla artan bir bitkidir (Arioglu ve ark., 2002). Tiirkiye’de yaklasik
136 bin hektar alanda 4.5 milyon ton patates iiretimi gerceklesmistir (Anonim, 2018).

Patatesin yumrular ile ¢ogaltiliyor olmasi ve tohumluk yumrulardaki hastaliklarin bir sonraki
jenerasyona kolayca tasinabilmesi 6nemli derecede verim ve kalite kayiplarina neden olabilmektedir.
Bu durum, iiretimde kullanilan tohumluk yumrularin kaliteli olmasini zorunlu kilmaktadir. Patates
tariminda Sertifikali tohumluk kullanimi yumru verimi tizerine % 30-60 arasinda katki saglamaktadir.
Son 10 yilin ortalamasi dikkate alindiginda, {ilkemizde yaklasik 150 bin ha patates iiretim alan1 i¢in
(300 kg/da dikim normunda) her yil yaklasik 450 bin ton sertifikali tohumluga ihtiya¢ bulundugu
ortaya ¢ikmaktadir. Anag kademede ithal edilen yumrulardan tarla sartlarinda sertifikali 6zellige sahip
yumru (35-60 mm) iiretim orani genellikle % 40-50 arasinda degismekte, bu durum ise zaten yiiksek
fiyatlarla ithal edilen tohumluklardan elde edilen sertifikali tohumluk maliyetini daha da
arttirmaktadir. Tohumluk yumru (lretiminde, tohumluk sinifina giren yumru sayisi ve veriminin
yiiksek olmasi arzu edilmektedir. Birim alan yumru sayisinin arttirilmasi1 ve homojen yumru
tesekkiiliiniin saglanmasi ile sertifikali 6zellikteki yaumru veriminde artis saglanabilmektedir.

Tohumluk yumru iiretiminde birim alandan elde edilecek tohumluk 6zelligindeki yumru sayisi
ve veriminin daha yiliksek olmasi amaciyla bitki sikliginin arttirilmasi gerekmektedir. Patateste bitki
siklig1 birim alandaki bitki sayis1 ve bitki basina sap sayisi olmak iizere iki temel bilesenden
olugmaktadir (Wiersema, 1987). Patateste dikim siklig1 arttik¢a ortalama yumru agirligi azalmakta,
fakat birim alandan elde edilen yumru sayisi ve verimi artmaktadir (Gasimova ve ark., 2010;
Mahmoodabad ve ark., 2010; Somarin ve ark., 2010; Masarirambi ve ark., 2012). Bitki sikligini
etkileyen diger bir faktor sap sayisidir. Tohumluk yumrulara dikim 6ncesi GA3 uygulanmasi ile apikal
dominansi kirilmakta ve daha fazla géziin uyanmasi ile sap sayisi artmaktadir (Mikitzel, 1993). GAs
uygulamalarinin bitkide sap sayisini arttirdigi, stolon olusumunu tesvik ettigi ve buna bagl olarak
yumru sayini arttirdigi bir ¢ok ¢alisma ile ortaya konmustur (Mikitzel, 1993; Yildirim ve ark., 1999;
Rehman ve ark., 2001; Caliskan ve Arioglu, 2002; Jbour, 2003; Yilmaz ve Kahriman, 2006; Salimi ve
ark., 2010).

Birim alandaki sap sayisinin optimize edilerek hem birim alan yumru verimi hem de tohumluk
sinifina giren yumru veriminin arttirtlmast tohumluk yumru iretimi agisindan olduk¢a Onemli bir
konudur. Bu ¢aligmada, tohumluk yumrulara farkli dozlarda GAs uygulamalan ile dikim sikliginin
tohumluk yumru iiretimindeki etkilerinin belirlenmesi amaglanmistir.

2. Materyal ve Yoéntem

Calisma, Isparta Uygulamali Bilimler Universitesi Ziraat Fakiiltesi Egitim, Arastirma ve
Uygulama Ciftligi deneme alanlarinda (37° 50' 47" K, 30° 32' 12" D, 1035 m) 2016 ve 2017 yillarinda
yiritiilmistiir. Aragtirmanin yiriitiildiigii 2016 ve 2017 yillarinin Mayis-Eyliil aylarina ait toplam
yagis miktarlar (sirastyla 202.7 mm ve 219.6 mm), uzun yillar ortalamasindan (126.2 mm) yiiksek
olmustur. Ayn1 dénemde ortalama sicaklik degerleri (sirasiyla 21.3 ve 20.0 °C), uzun yillar sicaklik
ortalamasina (20.6 °C) yakin gerceklesmistir. Calismalarin yiiriitiildiigii vejetasyon dénemindeki nispi
nem oranlar1 da % 48.8 ve % 52.4, uzun yillar ortalamasina (%50.5) benzer olmustur (Cizelge 1).
Denemeler her iki yilda da benzer 6zelliklere sahip topraklarda kurulmus ve bu alanlardan alinan (30
cm derinlikten) orneklerde deneme alani topraklar tinh, hafif alkali (pH:8.1), elverisli fosfor (182
ppm) ve potasyum (255 ppm) yoniinden orta derecede, toplam azot (% 0.42) ve organik madde (%
1.71) bakimindan ise fakir olarak belirlenmistir.

Calismada iilkemizde yogun olarak tarimi yapilan orta gecgci Ozellikteki Agria ¢esidinin
sertifikali yumrular1 ile sentetik bitki biiylime diizenleyicisi gibberellik asit (C22H2608) (Sigma
Aldrich, CAS No: 1373154-68-7) materyal olarak kullanilmustir.

Ortalama 60 - 80 g agirhigindaki tohumluk yumrular dikimden 6nce 4 farkli (0, 1,5, 3,0 ve 4,5
ppm) konsantrasyonda hazirlanan GAj3 soliisyonlarinda 30 dakika siire ile muamele edilmis (Mikitzel,
1993) ve daha sonra yikanarak dikim zamanina kadar yaklagik 1 hafta siire ile oda sartlarinda kasalar
igerisinde bekletilmistir. Deneme, Tesadiif Bloklar1 Deneme Deseninde Faktoriyel Diizenlemeye gore
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3 tekerriirlii olarak kurulmustur. Patates dikimleri her iki yilda da Nisan aymnin 2. haftasinda bogaz
doldurma pullugu ile (70 c¢cm sira arasi) agilan siralara 20, 25 ve 30 cm sira iizeri mesafe olacak sekilde
el ile yapilmigtir. Denemede her parsel 6 m uzunlugunda 4’er sira seklinde planlanmis, her blokta 12
parsel (3 sira lizeri mesafe x 4 GA3z dozu), toplamda ise 36 parsel olusturulmustur. Arastirmanin her iki
yilinda da dikim Oncesinde dekara saf 10 kg azot, fosfor ve potasyum gelecek sekilde 15-15-15
kompoze giibresi, bogaz doldurma ile birlikte de 10 kg/da saf azot hesab1 ile Amonyum nitrat (% 33
azot) gilibresi uygulanmistir (Sanli ve Karadogan, 2012). Bitkilerin ihtiya¢ duydugu su yagmurlama
sulama ile karsilanmis bu amagcla haftalik 4'er saat siire ile sulama yapilmistir. Yabanci ot miicadelesi,
cikis oncesi herbisit (Senkor wp 70 (% 70 Metribuzin) kullanilarak yapilmigtir. Aragtirmanin yapildigi
2016 ve 2017 yillarinda hasat islemleri, yumrularda kabuk olusumunun tamamlandigi donemler
dikkate alinarak yapilmistir. Her parselin kenarlarindan 1'er sira, bas ve sonlarindan 1'er ocak kenar
tesiri olarak ayrildiktan sonra geriye kalan kisimdan rastgele segilen 20 bitkide ocak basina yumru
sayisi ve verimi ile ortalama yumru agirhigir belirlenmis, dekara yumru verimi ile yumrularin
iriliklerine gore dagilimlari ise her bir parselde hasat alaninda bulunan tiim bitkilerin hasat edilmeleri
ile hesaplanmistir. Yumrulanin iriliklerine goére dagilimlarinda 25-35 mm arasi yumrular A sif
tohumluk, 35-60 mm arasinda olanlar B sinif tohumluk, 60 mm {izeri olanlar ise iri yumru olarak
degerlendirilmistir.

Cizelge 1. Arastirmanin yiiriitiildiigi yillara ait iklim verileri

Yagis (mm) Sicaklik (°C) Nem (%)

Aylar 1950- 1950- 1950-

2015 2016 2017 2015 2016 2017 2015 2016 2017
Mayis 52.3 87.6 149.5 15.6 15.1 14.9 57.4 61.5 64.1
Haziran 30.6 12.4 30.9 20.2 22.0 20.3 51.2 43.9 58.4
Temmuz 14.6 25.7 13.1 23.7 254 25.3 453 40.8 41.7
Agustos 11.7 454 20.4 23.2 24.7 23.8 46.4 47.6 524
Eylil 17.0 316 5.7 18.6 19.1 155 52.0 50.2 455
Yagis Top.
Sicaklik-Nem  126.2 202.7 219.6 20.26 21.3 20.0 50.5 48.8 52.4
Ort.

*Isparta Meteoroloji Bolge Miidiirliigii Kayitlar:

Veriler SAS (2009) istatistik paket programinda GLM prosediirii kullanilarak standart varyans
analizi tekniginde (ANOVA) analiz edilmis ve ortalamalar arasindaki farkliliklar LSD ¢oklu
karsilastirma testine gore belirlenmistir.

3. Bulgular

GA:; uygulamalarinin incelenen tiim parametreler tizerine etkileri, dikim sikliginin ise ana dal
sayis1 hari¢ tiim parametreler iizerine etkileri istatistiki anlamda ©nemli (P<0.01) bulunmustur.
Uygulama x dikim siklig1 interaksiyonunun iri yumru verimi ve ortalama yumru agirligina etkisi %5,
tohumluk B yumru verimi ve toplam yumru verimine etkisi ise %1 diizeyinde énemli bulunmustur.
Yillar arasindaki farkliliklar sadece ortalama yumru agirhigi ozelliginde %S5 diizeyinde onemli
bulunmus, uygulama x y1l ve dikim siklig1 x y1l interaksiyonlar1 6nemsiz olmustur (Cizelge 2).

3.1. Ana dal sayis1 (adet/bitki)

GA; ve sira lzeri mesafelerin ana dal sayisina etkileri her iki yilda da benzer olmustur. GAs
uygulama dozundaki artisla birlikte ana dal sayisi da 6nemli derecede (P>0.01) artmus, iki yillik
ortalama verilere gore kontrolde ortalama 4.8 adet/bitki olan ana dal sayisi, 4.5 ppm dozunda 6.6
adet/bitki olmustur. Sira {izeri mesafenin ana dal sayis1 lizerine 6nemi bir etkisi olmamuistir (Cizelge 3).

3.2. Ocakta Yumru Sayisi (adet/ocak)

GA; uygulamalari ile bitki sikliginin ocakta yumru sayisina etkileri énemli bulunmustur. Iki
yillik ortalama verilere gore 3 ppm dozuna (8.8 adet/ocak) kadar yapilan GAsz uygulamalar1 ocak
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basina yumru sayisini kontrole (6.9 adet/ocak) gére 6nemli derecede arttirmis, 4.5 ppm dozunda (8.6
adet/ocak) onemli bir degisim meydana gelmemistir (Cizelge 3). Sira tizeri mesafenin 25 ve 30 cm
oldugu dikimlerde ortalama ocak basma yumru sayis1 20 cm mesafe ile yapilan dikimlere gore daha
yuksek bulunmustur (Cizelge 3).

Cizelge 2. Arastirmada incelenen parametrelere iliskin varyans analiz sonuglari.

V.K. S.D. AnaDal Ocakta Ocakta Iri Tohumluk  Tohumluk Ortalama Toplam
Say. yumru Yumru Yumru B Yumru A yumru Yumru Yumru
sayisi verimi Verimi Verimi verimi Agichign  Verimi
Yil 1 ns ns ns ns ns ns * ns
Rep (y1l) 4 ns ns ns * ns ns ns ns
GA3 Uyg_ 3 ** ** ** ** ** ** ** **
Yil x Uyg. 3 ns ns ns ns ns ns ns ns
le Slk (DS) 2 ns ** ** ** ** ** ** **
Yil x DS 2 ns ns ns ns ns ns ns ns
Uyg. x DS 6 ns ns * * *x ns * *x
Y1l x Uyg x DS 6 ns ns ns ns ns ns ns ns
Hata 44 - - - - - - - -
Genel Toplam 71 - - - - - - - -
CV (%) 4.9 4.0 5.5 8.3 6.8 12.1 6.6 5.8

** 0 1 seviyesinde, * % 5 seviyesinde onemli farkliliklar1 gostermektedir.

3.3. Ocak Verimi (g/ocak)

GA:; uygulamalari ocak verimini 6nemli derecede arttirmis, 3.0 ppm GA3z uygulamasi yapilan
yumrularin ocak verimleri diger dozlardan daha yiiksek olmustur. Sira iizeri mesafe arttik¢a ocak
verimi de 6nemli derecede artis gostermistir. 20 cm mesafe ile yapilan dikimlerde 3.0 ppm GA3
uygulamalari, 25 ve 30 cm sira lizeri mesafelerde ise 3.0 ve 4.5 ppm dozlan diger uygulamalardan
daha yiiksek ocak verimine sahip olmustur. Calismada en yiiksek ocak verimleri 3.0 ve 4.5 ppm GA3
uygulanarak 30 cm mesafede dikilen yumrulardan (sirasi ile 1 318 ve 1 313 g/ocak), en diisiik ise GAs
uygulamasi yapilmadan 20 cm mesafe ile dikilen yumrulardan (674 g/ocak) elde edilmistir. Kontrol ile
karsilastirildiginda, GAs uygulamalari ile birlikte ocak veriminde 20, 25 ve 30 cm dikim sikliklarinda
sirast ile % 53, % 34 ve % 24 artis meydana gelmistir (Cizelge 3).

Cizelge 3. GAsz uygulamalar1 ve dikim sikiliginin patateste ana dal sayisi, ocakta yumru sayisi ve ocak
verimine etkileri.

2016 2017 Y1l Ortalamasi
Sira tizeri
mesafe 20 25 30 Ort. 20 25 30 Ort. 20 25 30 Ort.
(cm)
((iz(iiarl Ana dal sayisi (adet /bitki)
Kontrol 49 5.0 4.8 49 4.7 4.7 48 4.8 4.8 49 48 48d
1.5 ppm 5.8 6.0 5.7 5.8 5.9 5.8 5.8 5.8 5.8 5.9 5.8 58¢c
3.0 ppm 6.4 6.2 6.3 6.3 6.2 6.2 6.3 6.2 6.3 6.2 6.3 6.3b
4.5 ppm 6.7 6.6 6.7 6.6 6.6 6.5 6.7 6.6 6.6 6.6 6.7 6.6a
Ort. 5.9 5.9 5.9 5.9a 5.8 5.8 5.9 5.8a 5.9a 5.9a 5.9a
Ocakta yumru sayisi (adet/ocak)
Kontrol 6.8 7.1 7.0 7.0 6.8 6.9 7.1 7.0 6.8 7.0 7.1 6.9c
1.5 ppm 7.6 8.1 8.2 8.0 75 8.0 8.1 7.8 7.6 8.0 8.1 79b
3.0 ppm 8.4 8.8 8.7 8.6 8.2 8.7 8.6 8.5 8.3 8.8 8.7 8.8a
4.5 ppm 8.3 8.7 8.9 8.6 8.3 8.7 8.9 8.6 8.3 8.7 8.9 8.6a
Ort. 7.8 8.2 8.2 8.0a 7.7 8.1 8.2 8.0a 7.7b 8.1a 8.2a
Ocak Verimi (g/ocak)
Kontrol 656 931 1077 888 693 897 1050 880 6749 914f 1 064de 884d
1.5 ppm 922 1102 1183 1069 937 1148 1204 1096 930f 1125cd  1193bc  1083c
3.0 ppm 1017 1226 1315 1186 1047 1230 1321 1200 1032e 1228b 1318a 1193a
4.5 ppm 913 1153 1265 1110 955 1238 1360 1184 934f 1195hbc 1313a 1147b
Ort. 877 1103 1210 1063a 908 1128 1234 1090a 893c 1116b 1222a
LSD in. 69
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3.4. Iri yumru verimi (kg/da)

Calismada her iki yilda da 1.5 ppm dozu haric GAs uygulamalari iri yumru verimini 6nemli
derecede azaltmis, bu azalma uygulama dozundaki artisa paralel olarak gerceklesmistir. Dikim
sikliginm iri yumru verimine etkileri 6nemli bulunmus, 20 cm mesafe ile karsilastirildiginda 25 ve 30
cm mesafe ile yapilan dikimlerde iri yumru verimi artmis, bu iki dikim siklig1 arasinda 6nemli bir fark
olusmamistir. Uygulamalarin dikim sikligina bagl olarak iri yumru verimlerine etkileri de farklilik
gostermistir. 1.5 ppm GAsz uygulanan yumrularin iri yumru verimleri tim dikim sikliklarinda da
benzer olurken, kontrol ile 3.0 ve 4.5 ppm GAs uygulanana yumrularin 25 ve 30 cm mesafe ile
dikilmeleri ile elde edilen iri yumru verimleri 20 cm siklikla yapilan dikimlere gore daha yiiksek
olmustur. En yiiksek iri yumru verimleri 25 ve 30 cm mesafelerle dikilen kontrol yumrulari (1232 ve
1299 kg/da) ile 1.5 ppm GA; uygulanarak tiim sikliklarda (1201 - 1273 kg/da) dikilen yumrulardan, en
disiik ise 3.0 (899 kg/da) ve 4.5 ppm (806 kg/da) GAz uygulanarak 20 cm siklikta dikilen
yumrulardan elde edilmistir (Cizelge 4).

3.5. Tohumluk B yumru (35-60 mm) verimi (kg/da)

GA:; uygulama dozundaki artisla birlikte B sinifina giren tohumluk yumru verimi de énemli
derecede artmistir. Dikim sikiliginin B sinifi tohumluk yumru verimine etkileri de 6nemli bulunmus,
sira iizeri mesafe azaldik¢a B siifi tohumluk yumru verimi artmistir. GAs uygulamalarinin B sinifi
tohumluk yumru verimine etkileri yumrularin dikildigi sikliklara bagli olarak da dnemli varyasyon
gOstermistir. Sira tizeri mesafenin artmasi ile B smifi tohumluk yumru veriminin azalmasina ragmen,
3.0 (2610 kg/da) ve 4.5 ppm (2326 kg/da) GAs uygulanarak 25 cm mesafe ile yapilan dikimlerde B
smift tohumluk yumru verimi GAs uygulamasi yapilmadan 20 cm mesafe ile dikilen yumrulardan
(2098 kg/da) daha yiiksek olmustur. Benzer sekilde 3.0 ppm GA3z uygulanarak 30 cm siklikta (1969
kg/da) dikilen yumrular, uygulama yapilmadan 25 cm siklikta dikilen (1674 kg/da) yumrulardan daha
yiiksek B sinifi tohumluk yumru verimine sahip olmuslardir. Calismada en yiiksek B sinifi tohumluk
yumru verimleri sirasi ile 3.0 (3942 kg/da), 4.5 (3392 kg/da) ve 1.5 (3166 kg/da) ppm GAs;
uygulanarak 20 cm mesafe ile dikilen yumrulardan elde edilmistir. Bu uygulamalar ile GAs
uygulanmadan aym siklikta dikilen yumrulara gore (2098 kg/da) B sinift tohumluk yumru veriminde
sirast ile % 88, % 62 ve % 51 oraninda artis gerceklesmistir (Cizelge 4). Arastirmada tim dikim
sikliklarinda da en yiiksek B smifi tohumluk yumru verimleri 3.0 ppm GA; uygulanarak yapilan
dikimlerde, en diigiik yumru verimleri ise kontrol olarak dikilen yumrulardan elde edilmistir.

3.6. Tohumluk A (25-30 mm) yumru verimi (kg/da)

Tohumluk yumru iiretiminde A smifina giren (25-35 mm) yumrular daha degerli olup, bu
yumrularin kar marjlar1 daha ytiksektir. Caligmada hem GA3 uygulamalart hem de sik yapilan dikimler
A smifi tohumluk yumru verimini énemli derecede arttirmistir. 3.0 ve 4.5 ppm dozlarinda yapilan
uygulamalarda ortalama A siifi tohumluk yumru verimi daha yiiksek olmustur. A smifi tohumluk
yumru verimi bakimindan yillar arasindaki farkliliklar da 6nemli bulunmus, 2017 yilinda ortalama A
sinifi tohumluk yumru verimi (813 kg/da) 2016 yilindan (756 kg/da) daha yiiksek olmustur. GAsz
uygulanarak dikilen yumrular tiim dikim sikliklarinda benzer etki gostererek kontrole goére daha
yiliksek A smift tohumluk yumru verimine sahip olmuslardir. GAs uygulamalar ile birlikte 20, 25 ve
30 cm mesafe ile yapilan dikimlerde kontrole gore sirasiyla % 57, % 60 ve % 115’e varan A simifi
tohum yumru verimi artig1 gergeklesmistir (Cizelge 4).

3.7. Ortalama yumru agirhgi (g)

Ortalama yumru agirligi 1.5 ve 3.0 ppm GAsz uygulamalari ile 6nemli derecede artmis, 4.5
ppm dozunda ise tekrar azalarak kontrol ile benzer degere sahip olmustur. Dikim sikliginin azalmasi
ile birlikte ortalama yumru agirliklar1 6nemli derecede artmis, 20 cm siklikta yapilan dikimlerde 125 g
olan ortalama yumru agirligi, 30 cm siklikta 150 g olarak saptanmustir. Farkli dozlarda GAs
uygulamalarinin dikim sikligina bagli olarak ortalama yumru agirligina etkileri de farkli olmus, GAs
uygulanmayan yumrularin dikim sikliklarn arttitkca ortalama yumru verimleri artarken, GAs
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uygulanarak dikilen yumrularda ortalama yumru agirliklar 25 ve 30 cm sira tizeri mesafe ile yapilan
dikimlerde 6nemli bir degisim gostermemistir. Kontrol ve GAsz uygulanarak 30 cm siklikta yapilan
dikimler (147-152 g) ile sadece GAs uygulanarak 25 cm siklikta dikilen yumrular (131-140 g) diger
uygulamalardan daha yiiksek ortalama yumru agiligina sahip olmuslardir. Calismada en diisiik
ortalama yumru agirliklar1 kontrol (99 g) ve 4.5 ppm GA3z uygulamasi (113 g) yapilarak 20 cm siklikta
dikilen yumrulardan elde edilmistir (Cizelge 5).

Cizelge 4. Farkli dozlarda GAs uygulanarak farkli sira tizeri mesafelerde dikilen patates yumrularinda
biyik yumru verimi, orta yumru verimi, kiiciik yumru verimine ait ortalama veriler.

2016 2017 Y1l Ortalamasi
Sira tizeri
mesafe 20 25 30 Ort. 20 25 30 Ort. 20 25 30 Ort.
(cm)
((ia(iiarl fri Yumru Verimi (kg/da)
Kontrol 1056 1290 1310 1219 1061 1174 1288 1174 1059de  1232ac 1299 1197a
1.5 ppm 1173 1245 1265 1228 1230 1300 1261 1263 120lac 1273ab 1263ab 1245a
3.0 ppm 938 1227 1183 1116 859 1165 1127 1050 899gh 1196bc  1155cd 1083b
4.5 ppm 838 1022 991 950 774 1059 913 915 806h 1 041ef 952fg 933c
Ort. 1001 1196 1187 1128a 981 1175 1147 110la 991b 1185a 1167a
LSD . 107
Tohumluk B Yumru (35-60 mm) Verimi (kg/da)
Kontrol 2115 1662 1343 1707 2081 1686 1301 1689 2 098fg 16741 1322j 1698d
1.5 ppm 3160 2191 1736 2363 3171 2270 1626 2356 3 166¢ 2 231ef 16811 2 359c
3.0 ppm 3959 2537 1928 2808 3926 2682 2010 2872 3942a 2610d 1969g 2 840a
4.5 ppm 3351 2278 1653 2427 3434 2374 1784 2531 3392b 2 326e 1718m 2479
Ort. 3146 2167 1665 2326a 3153 2253 1680 2362a 3150a 2210b 1673c
LSD i 185
Tohumluk A (25-30 mm) Yumru Verimi (kg/da)
Kontrol 755 527 284 522 856 556 327 580 806 542 305 551c
1.5 ppm 1065 768 534 789 1034 766 573 791 1050 767 553 790b
3.0 ppm 1247 808 618 891 1284 927 676 962 1266 868 647 927a
4.5 ppm 1034 780 649 820 1276 822 662 920 1155 801 656 870a
Ort. 1025 721 521 756b 1113 768 560 813a 1 069a 744b 540c

Cizelge 5. Farkli dozlarda GA3 uygulanarak farkli sira tizeri mesafelerde dikilen patates yumrularinda
ocak verimi ve toplam yumru verimine ait ortalama veriler

2016 2017 Y1l Ortalamasi
;‘;2 a‘}ge(ré m 2 25 30 ort. 20 25 30 ort. 20 25 30 ort.
GA;zdozlari Ortalama yumru agirhig: (g)
Kontrol 96 133 154 128 102 131 148 127 9% 131bc 151a 127c
1.5 ppm 122 136 145 134 125 144 149 139 123cd 140ab 147a 137ab
3.0 ppm 122 139 150 137 127 141 154 140 124cd 140ab 152a 140a
4.5 ppm 110 133 142 128 116 142 153 137 113de 138ac 148a 133bc
Ort. 112 135 148 132a 118 140 151 136a 115¢ 137b 150a
LSD ,,u: 4.8 LSD i, 14.2

Toplam Yumru Verimi (kg/da)

Kontrol 3927 3479 2937 3 447 4001 3416 2916 3444 3963de 3448¢g 2 926h 3 446¢
1.5 ppm 5398 4204 3535 4379 5435 4337 3460 4411 5417b 4270d 3497fg 4 395b
3.0 ppm 6145 4572 3729 4815 6069 4774 3813 4885 6 106a 4673c 3771lef  4850a
4.5 ppm 5224 4079 3293 4199 5484 4255 3360 4 366 5 354b 4167d 33279 4 283b
Ort. 5143 4084 3373 4209 5247 4196 3387 4276a 5210a 4 140b 3380c
LSD .. 286

3.8. Toplam yumru verimi (kg/da)

GA:; uygulamalar1 toplam yumru verimini kontrole gére onemli derecede arttirmis, 3.0 ppm
dozunda gerceklesen artis miktar1 daha yiiksek olmustur. Dikim sikliginin arttirilmasi ile birlikte
toplam yumru verimi de énemli derecede artis gdstermistir. Uygulamalara bagl olarak her iki yilda da
toplam yumru verimindeki degisimler benzer olmustur. Toplam yumru verimi iizerine GAs
uygulamasi x dikim siklig1 interaksiyonunun etkileri de 6nemli bulunmustur. Sira iizeri mesafenin
artmast ile birlikte toplam yumru veriminin azalmasina ragmen, 3.0 ppm GAsz uygulanarak 25 ve 30
cm mesafe ile yapilan dikimlerde toplam yumru verimleri (sirast ile 4 673 kg/da ve 3 771 kg/da),
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kontrol olarak degerlendirilen ve 20 cm ve 25 cm siklikta dikilen yumrulardan (sirasi ile 3 963 kg/da
ve 3 448 kg/da) daha yiiksek olmustur. Calismada 20 ve 25 cm siklikta yapilan dikimlerde en yiiksek
toplam yumru verimleri 3.0 ppm GAs; uygulamalarindan, 30 cm siklikta ise 1.5 ve 3.0 ppm GAs
uygulamalarindan elde edilmistir. GAs uygulamalan ile birlikte 20, 25 ve 30 cm siklikta yapilan
dikimlerde kontrole gore sirasi ile % 54, % 35 ve % 29 oraninda verim artisi meydana gelmistir

(Cizelge 5).
4. Tartisma ve Sonug¢

Tohumluk yumrulara GAs uygulamasi sonucu apikal dominansinin erken kirildig1 ve ¢ok daha
fazla go6ziin uyandigi gozlenmistir. GAs uygulamalari sonucu yumrularda daha fazla goziin
uyanmasina bagli olarak ana dal sayisinin da arttig1 disiiniilmektedir. GAs uygulama dozunun artmasi
ile ana dal sayisinda gergeklesen artis da doz artis1 ile birlikte daha fazla goziin uyanmasi ile
aciklanabilir. Yiiksek dozda uyanan goz sayisi fazla olmasina ragmen gozlerden gelisen siirgiinler
daha ince ve zayif olmustur. Nitekim, konu hakkinda daha Once yapilan calismalarda GAs
uygulamalarinin bitkide ana dal sayisin1 ve toplam yumru sayisini énemli 6l¢iide artirdigi bildirilmistir
(Holmes ve ark., 1970; Caliskan ve Arioglu, 2002).

GA; uygulanan bitkilerde ana dal sayisinin artmasina bagli olarak ocaktaki yumru sayilar1 da
artmistir. Patateste bitki basina yumru tiretimi bitkinin olusturdugu ana dal sayisi ile dogrudan iliskili
olup, ana dallar arasindaki rekabetten 6nemli derecede etkilenmektedir (Moorby, 1967; Bussan ve
ark., 2007). Nitekim, konu ile yapilan galismalarda GAs uygulamalarinin patateste ana sap sayisi ile
yumru sayisini 6nemli oranda arttirdig bildirilmistir (Rehman ve ark., 2001). Barani ve ark., (2013), 5
ve 10 ppm dozlarinda GAs uygulamalarinin patates yumrularinin genel performansim ve iiretkenligini
olumlu yonde etkileyerek bitki bagina yumru sayisini, tohumluk 6zellikteki yumru sayisini ve toplam
yumru verimini arttirdigini bildirmislerdir. Diger taraftan, GAs uygulamalarinin kullanilan doza gore
farkli etkiler goOsterebildigi ve yiiksek konsantrasyonlarda uygulanan GA3z’in yumru fertilitesini
azalttig1 bildirilmistir (Chapman, 2006). Yapilan ¢alismada da ocakta yumru sayisinin 4.5 ppm
dozunda bir alt doza gore degismedigi, hatta bu uygulamalarda daha ince siirgiinler meydana geldigi
gOrilmistir. Daha dar sira lizeri mesafelerde yapilan dikimlerde metrekaredeki bitki yogunlugunun
daha fazla olmasi 6zellikle bitki besin elementi ve 1518a rekabetin artmasindan dolay1 yumru sayisinda
azalmaya neden olmus olabilir. Birim alandaki bitki sayisinin artmasiyla birlikte bitki basina diisen
yumru sayisinin azaldigi bir¢ok arastirmaci tarafindan da bildirmislerdir (Gulluoglu ve Arioglu, 2009;
Somarin ve ark., 2010; Tahmorespour ve ark., 2013; Ayupov ve ark., 2014; Sanl ve ark., 2015).

GA:3 uygulamalari ile ocak basina yumru sayisinin dnemli oranda artmasi ocak basma yumru
verimlerinin de artmasina neden olmustur. Bununla birlikte 4.5 ppm dozunda gerceklesen azalma, bu
dozun kismen yumru fizyolojisini olumsuz yonde etkiledigini gostermektedir. Buna benzer olarak,
Biemelt ve ark., (2004), yiksek konsantrasyonda GAs uygulamalarinin bitkinin iiretkenligini olumsuz
yonde etkiledigini bildirmislerdir. Diger taraftan dikim sikliginin artmasi ile ocaktaki yumru sayisinda
O6nemli bir degisim olmamasina ragmen, ocak veriminde belirlenen azalmanin topraktaki besin
maddesi ve su ile 1518a rekabetin daha yiiksek olmasindan kaynaklandigi diistiniilmektedir.
Bulgularimiza benzer olarak, dikim sikliginin bitki basina yumru verimini 6nemli 6l¢iide etkiledigi ve
sira lizeri mesafenin artmasiyla birlikte bitki basina yumru veriminin arttifi bazi arastirmacilar
tarafindan da bildirmistir (Bremer ve Taba, 1966; Allen ve Wurr, 1992; Sanli ve ark., 2015).

[ri yumru veriminin 3.0 ve 4.5 ppm GA3 uygulanan yumrularda azalmasina ragmen, 1.5 ppm
dozunda kontrol ile benzer olmasi, bu dozda yumru sayisinda gergeklesen artisin 3.0 ve 4.5 ppm
dozlara goére daha diisiik olmasindan kaynaklandig: diistiniilmektedir. Hem GAs uygulanan hem de
sik yapilan dikimlerde iri yumru veriminin azalmasi, yumrular arasindaki rekabetten dolay1 belirli bir
alandaki besin maddesi ve suyun daha fazla yumru tarafindan paylasilmasi ile agiklanabilir. Nitekim,
GA: uygulamalar1 ocaktaki yumru sayisini Oonemli derecede arttirmis ve bu durum, yumrular
arasindaki rekabetin de artmasina neden olmustur. Patates bitkisinde yumru blytumesinin saplar
arasindaki rekabetin fazla olmasi durumunda azaldig1 bir¢ok arastirmaci tarafindan da bildirilmistir
(Rex, 1990; Love ve Thompson, Johns, 1999; Sanl ve ark., 2015).

GA:; uygulamalar ile ocak bagina yumru sayisinin artmasi ve sik yapilan dikimlerde ana saplar
arasindaki rekabetten dolay1 yumru iriliginin azalmasi, bu iki faktoriin kombinasyonuna bagl olarak A
ve B smifi tohumluk yumru verimlerinin artmasina neden olmustur. Konu ile ilgili yapilan
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caligmalarda bitki sikliginin artmasi ile yumru iriliginin azaldig1 ve tohumluk 6zelligi tagiyan yumru
veriminin arttig1 bildirilmistir (Love ve Thompson Johns, 2006; Yilmaz ve Kahriman 2006; Razaq ve
ark., 2015; Almeida ve ark., 2016).

Bitki sikliginin artmast ile yumru agirliginda gerceklesen azalma bitki bagina diisen besin
maddesi, su ve 1s1tk miktarinin azalmasi ve dolayisiyla iiretilen asimilat miktarinin azalmasi ile
aciklanabilir. Bununla birlikte, GAz uygulanan yumrularda sira (izeri mesafenin 25 cm’nin Uzerine
cikarilmasi ile ortalama yumru agirliginda 6nemli bir degisim goézlenmemistir. Bu durum, kontrol ve
GA: uygulanan yumrularda 25 ve 30 cm siklikta yapilan dikimlerde yumru sayilarinin 6nemli bir
degisim gostermemesine ragmen, GAs uygulanarak 30 cm mesafe ile dikilen yumrularda ocak
veriminde gerceklesen artig oraninin ayni siklikta dikilen kontrol yumrularindan daha diisiik olmasi ile
aciklanabilir. Bulgularimiza benzer olarak, bitki sikliginin artmasi ile ortalama yumru agirliginin
azaldig1 bir¢ok arastirmaci tarafindan da bildirilmistir (Tungtiirk, 2004; Masarirambi ve ark., 2012;
Tahmorespour ve ark., 2013).

GA3 uygulamalari ile dormansinin daha erken kirilmasi bu yumrulardan gelisen bitkilerde
vejetasyon siiresinin dolayisiyla iretilen toplam asimilat miktarinin daha fazla olmasma neden
olmustur. Bunun yan1 sira, GA3 uygulamalarinda ocakta yumru sayist ve ocak veriminde gerceklesen
artisa bagli olarak toplam yumru verimi de daha yiliksek olmustur. Chapman (2006), tohumluk
yumrulara belirli dozlarda GAs; uygulamalari ile toplam yumru veriminin arttirilabilecegini
bildirmistir. 20, 25 ve 30 c¢m sira iizeri mesafelerle yapilan dikimlerde dekarda sirasi ile yaklasik 7100,
5 700 ve 4 700 adet bitki bulunmaktadir. Sik yapilan dikimler bitki bagina yumru verimini azaltmasina
ragmen, birim alandaki bitki sayisinin fazla olmasi nedeniyle toplam yumru verimini arttirmaktadir.
Benzer sekilde metrekaredeki bitki sayisinin arttirilmasi ile patateste birim alan veriminin arttigi, Love
Thompson Johns (1999) ve Bielinski ve ark., (2008) ve Sanli ve ark., (2015) tarafindan da
bildirilmistir.

Patateste bitki siklig1 tohumluk yumru iiretiminin optimize edilmesinde kullanilan bir yontem
olmakla birlikte GA; uygulamalar1 ile yumru optimizasyonunda onemli sonuglar elde edilmistir.
Ozellikle 3.0 ppm GA; uygulamalar1 tohumluk patates iiretiminde A simifina giren (25-35 mm) ve B
sinifina giren (35-60 mm) yumrularm verimini arttirmistir. A ve B sinifi yumrularin ticari degerlerinin
oldukea yiiksek olmasi yapilan GAs uygulamalarinin ve sik dikimlerin tohumluk yumru {iretimindeki
Onemini kanitlar niteliktedir.
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Oz: Bu galismada, peynir alti suyunda iiretilen ekzopolisakkaritlerin (EPS)
stabilizator olarak kullaniminin dondurmanin bazi 6zelliklerine etkileri
arastirtlmistir. Farkli suslar iceren iki farkli yogurt kiiltiirii kombinasyonu
kullanilarak peynir alti suyunda EPS iiretimi gerceklestirilmistir. Elde edilen
ham EPS ¢ozeltilerinin konsantrasyonlari arasinda istatistiksel olarak 6nemli bir
farklilik olusmadig1 (P>0.05) saptanmugtir. Ticari bir kiiltiir kullanilarak {iretilen
ham EPS1 6rneginin, ticari bir yogurttan elde edilen kiiltiir kullanilarak iiretilen
ham EPS2 o6rneginden 6nemli derecede yiiksek viskoziteye sahip oldugu
(P<0.01) gorilmiistiir. Konsantre hale getirilen iki EPS c¢ozeltisinin
konsantrasyonlar1 ve viskozite degerleri arasinda Onemli bir farklilik
belirlenmemis (P>0.05), buna karsin 6lgim sicakligi arttikga EPS1 6rneginde
viskozite daha fazla diismistiir. Standart konsantrasyonda (% 0.3) hazirlanan
stabilizatorlerin viskoziteleri, en ylksekten diisiige dogru karboksimetil seliiloz
(CMC), ksantan gam (Xs), EPS1 ve EPS2 seklindedir. Sadece EPS
kullanilarak Uretilen dondurma mikslerinin disiik viskoziteye sahip olduklari,
ticari stabilizatorlerle kombinasyon halinde ise mikslerin viskozitesinin daha
yiiksek degerlere ¢iktigi belirlenmistir. Genel olarak EPS2 6rneginin yer aldigi
mikslerin yumusak dondurma formuna déniisiinceye kadar dondurucuda daha
uzun slre gecirdigi saptanmistir. Dondurma Orneklerine ait kuru madde,
protein, asitlik ve yag oranlar1 deneme desenindeki faktdrlerden Onemli
derecede (P>0.05) etkilenmemistir. Kiil oranlarmin EPS ¢ozeltisi igeren
orneklerde daha yiiksek oldugu (P<0.05), pH degerleri arasinda da farkliliklar
oldugu (P<0.05) saptanmistir. Genel olarak EPS1 kullanilarak {iretilen
dondurmalarda erime siirelerinin diger &rneklerden daha uzun oldugu, EPS2
Orneginin hacim artig1 degerlerinin ise diger drneklerden ve kombinasyonlardan
daha yiiksek oldugu (P<0.01) belirlenmistir. EPS1 6rnegi hari¢ diger drneklerde
serum ayrilmasi belirlenmistir.
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Abstract: In this study, the effects of exopolysaccharides (EPS) produced in
whey as stabilizers on some properties of ice cream were investigated. EPS
production in whey was carried out using two different yogurt culture
combinations containing different strains. There was no significant difference
statistically between the concentrations of crude EPS solutions obtained (P>
0.05). Viscosity of crude EPS1 sample which obtained using commercial starter
culture had a significantly high value when compared with crude EPS2 obtained
from a commercial yoghurt (P<0.01). There was no a significant difference
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Exopolysaccharide, between the concentrations and viscosity of concentrated two EPS solutions
Ice cream, (P<0.05), whereas as the measurement temperature increased, it was seen that
Stabilizer. viscosity decreased more in the sample of EPS1. The viscosities of stabilizers

prepared at standard concentration (0.3%) were from highest to low
carboxymethyl cellulose (CMC), xanthan gum (Xs), EPS1 and EPS2. Ice cream
mixtures produced by using only EPS had low viscosity, however on the point of
combination with commercial stabilizers, viscosity of mixtures increased to
higher value. In general, the mixes containing the EPS2 spent longer in the freezer
until it turned into a soft ice cream form. Ratio of dry matter, protein, acidity and
fat of ice cream samples were not significantly affected from the factors of the
experiment (P>0.05). It was determined that ratio of ash was higher in the EPS
solution containing samples, (P<0.05), and some differences were found among
pH values (P<0.05). In general, melting time was longer in the ice cream sample
produced with usage of EPS1 than the others. Overrun level of EPS2 sample was
higher than the other samples. No serum separation was observed in any samples,
except EPS1.

**Calisma Doktora tezinin bir kismindan tiretilmistir.
1. Giris

Siitiin islenmesiyle elde edilen dayanikli siit driinleri igerisinde, son yillarda Diinya’da ve
Tiirkiye’de 6nemli gelisme gosteren dondurma dikkat ¢ekmektedir. Dondurma saglikli sartlarda
iiretildigi, muhafaza edildigi, tasindigi ve satisa sunuldugu takdirde sadece yaz aylarinda degil, yilin
her mevsiminde c¢ekinmeden yenebilecek degerli bir gida maddesidir (Simsek, 1997; Demirci ve
Simsek, 1997; Demir, 2001; Milci ve Yaygin, 2003).

Dondurma besin degerinin iistiinliigii ve sindiriminin kolaylig1 yaninda, herkesce sevilen tat ve
aromas, ferahlatici 6zelliginden dolay: toplumlarin ilgisini iizerine cekmektedir. Ulkemizde dondurma
iretimi ve tiiketiminin ABD ve diger Avrupa iilkelerine gore olduk¢a diisiikk oldugu goriilmektedir
(Kirdar, 1999; Mukan ve Evliya, 2002; Anonim, 2005; Toku¢ ve ark., 2008; Act ve Ozcan, 2008).
Ambalajli Siit ve Siit Uriinleri Sanayicileri Dernegi tarafindan verilen 2018 yilina ait degerlerde,
Tiirkiye’de kisi basina dondurma tiiketiminin son on yilda 1.1 litreden 4.6 litreye ¢iktigi, ancak bu
degerin Kuzey Avrupa Ulkelerinde 12 litre civarinda oldugu bildirilmektedir (Anonim, 2018).

Islenmis gidalarin {iretiminde, iiriiniin yapisal biitiinliigiiniin korunmasi, diger bir ifadeyle raf
Oomriiniin uzatilmasi; Uriiniin yapi, goriiniim, kivam gibi kalite 6zelliklerinin korunarak tiiketiciye
sunulabilmesi i¢in stabilizator grubu gida katki maddelerinden yaygin olarak yararlanilmaktadir
(Demir, 2001; Gursoy ve Balaban, 2009). Stabilizat6rlerin dondurma iiretiminde kullanilmasinin temel
amaci, serbest suyu baglayarak diizgiin bir yap1 ve tekstiir elde etmek, 6zellikle depolama esnasindaki
sicaklik dalgalanmalarina karst buz kristallerinin biiylikliiglinii azaltmak ve {irlinliin erimeye karsi
dayanikliligini artirmaktir (Kogan, 2002)

Ekzopolisakkarit (EPS) ureten laktik asit bakterileri (LAB), st urtnlerinde arzulanan
viskozite, tekstlir ve stabilitenin saglanmasinda bitkisel ve hayvansal kaynakli hidrokolloid katki
maddelerine alternatif olarak dnerilebilmektedir (Shah, 2003; Ruas-Madiedo ve ark., 2009; Soukoulis
ve ark., 2010). Gidalarda tat ve aromanin daha iyi korunmasi ve su baglama gibi fonksiyonel
ozellikleri gelistirmede dogal bir hidrokolloid olan EPS’lerden de yararlanabildigi i¢in, bu polimerleri
Ureten suslarin  kullanimi bazi durumlarda ticari stabilizatorlere karsi bir distiinliikk de
olusturabilmektedir (Ruas-Madiedo ve ark., 2002; Simsek ve Con, 2003; Karademir-Sanli, 2006;
Zhang, ve ark., 2017; Charchoghlyan ve ark., 2017; Altun, 2018 ). Ancak, EPS’lerin Ksantan gum gibi
mikrobiyal hidrokolloitlerle karsilastirildiginda sentezlerinin az miktarda olmasi ve Uretimleri daha
cok plazmit ad1 verilen ve hiicrede sitoplazma igerisinde daginik halde bulunan ve yeni generasyonlara
aktarilmas1 her zaman aym diizeyde olmayan genetik materyaller tarafindan kontrol edildiginden,
genetik olarak istikrarli olmamalarnt (Madigan ve Martinko, 2010), kullanim avantajlarini
kisitlamaktadir. Bununla birlikte fermantasyon sartlarinin optimizasyonu ve yapilacak genetik
diizenlemelerle yiiksek miktarlarda ve yeni biopolimerler iireten suslarin gelistirilmesi, bu
dezavantajlar kaldirabilir ve siit endiistrisinde yeni starterler kazandirilabilir (Simsek ve Con, 2003;
Zhang ve ark., 2011).
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Baz1 EPS’ler, prebiyotiklere benzer fonksiyon gostererek, sindirim sistemine probiyotiklerin
yerlesmesine destek olur ve insan sagligina katkida bulunurlar (Stanton ve ark., 2001; Mattila-
Sandholm ve ark., 2002; Ruas-Madiedo ve ark., 2002; Menrad, 2003; Helland ve ark., 2004; Soyucok
ve ark.,, 2017). Aymi zamanda EPS’ler antitiimér, antioksidan, antiiilser, anti-viral, prebiyotik
bagisiklik sistemini diizenleyici ve kolestrol diisiiriicii aktivite gostererek insan sagligina olumlu etkide
bulunmaktadirlar (Ruas-Madiedo ve ark., 2002; Sullivan ve Nord, 2002; Kumar ve ark., 2004; Bayram
ve Heperkan, 2006; Kim, 2017). Bu 6zelliklerinin yani sira, EPS’lerin tiiketilmesiyle ilgili herhangi bir
sinirlandirma bulunmamasi ve tiiketilmeleri durumunda herhangi bir alerjik reaksiyon rapor
edilmemesi de bu maddelerin hassas bireylerin beslenmesinde kullanilma imkanlarini arttirmaktadir.

EPS’lerin diger fermente siit irlinlerinin reoloji, tekstiir, su tutma kapasitesi ve lezzetinde
onemli rol oynadigi bilinmektedir. EPS iiretme yetenegine sahip starterlerin kullanilmasi ile yogurt
iiretiminde tekstiirde iyilesme ve su saliminda azalma saglamak (Marshall ve Rawson, 1999; Malaka
ve ark., 2013; Dertli ve ark., 2016), eksi siit Grtinii “viili” ve “langfil” tiretiminde arzulanan tekstiiri
elde etmek (De Vuyst ve Degeest, 1999), Mozzarella peyniri iiretiminde su tutma kapasitesini artirmak
(Duboc ve Mollet, 2001), dondurmada 1s1l soklara karsi dayaniklik (Kelvin ve ark., 2008), spesifik
fermente siit triinlerinin reolojik dokusuna katki (Arunkumar ve ark., 2012) gibi avantajlar elde
edilmistir. Bu c¢alismada EPS’lerin dondurma {iretiminde stabilizator olarak kullanilmasiyla,
dondurmalarda arzu edilen fiziksel ozelliklerin ve yapisal degisikliklerin olusup olugmadiginin
gbzlemlenmesi amaglanmis olup, elde edilen sonuglarin EPS’lerin dondurma ve diger stabilizator
kullanilan iiriinlerde kullanilmasina imkan saglayacag diisiiniilmektedir.

2. Materyal ve Yontem

Laboratuar sartlarinda tiretilen peynirden elde edilen peynir alti suyu (PAS), ekzopolisakkarit
(EPS) uretiminde kullanilmistir. EPS fireten suslar gesitli ticari firmalardan (Delvo (YS-140), MA
Delft, Hollanda; Chr. Hansen (YC-350; YC-370, Hoersholm, Danimarka; Danisco (YD-MIX 161
LYO 200) , Sassenage, Fransa; Sacco (Y1.70F), Cadorago, italya) temin edilmistir. Ayrica, piyasada
bulunan ticari yogurtlardan ve kdy kosullarinda iiretilen yogurtlardan da EPS iireten suslarin
izolasyonu yapilmistir. Bu suglar, EPS {iretiminin oldugu saptanan yogurtlardan alinan &rneklerin
MRS agar ve M17 agara ekilmesi ve olusan kolonilerin yagsiz siit tozuyla hazirlanan rekonstitiiye
siitte cogaltilmasiyla elde edilmistir. Dondurma iiretiminde kullanilan siit piyasadan, krema ve siit tozu
yerel bir siit isletmesinden (Aymira Stt Urinleri, Organize Sanayi Bolgesi, Van) temin edilmistir.
Denemede kullanilan dondurmalar Van Yiiziincii Y1l Universitesi, Miihendislik Fakiiltesi, Gida
Miihendisligi Boliimii Siit Isleme Laboratuvari’nda iiretilmistir. Farkli stabilizatérler (CMC,
karragenan, ksantan gam) ve emiilgator (Mono-digliserit) ilgili firmalardan (Puratos Gida-istanbul)
temin edilmistir. On denemelerden elde edilen sonuglara gore, stabilizatorlerden iki tanesi (karboksi
metil seliloz-CMC ve ksantan gam-Xs) iiretilen EPS’ler ile birlikte asil ¢alismada kullanilmustir.

2.1. Peynir alti suyunun elde edilmesi

Gida Miihendisligi Boliimii, Siit isleme Laboratuvarinda standart Beyaz peynir tiretim yontemi
uygulanarak iretilen peynirlerden PAS elde edilmistir. Peynir {iretiminde 65 °C’de 30 dk. sireyle
pastdrize edilen sit kullanilmis ve PAS bilesimini orijinal sekliyle muhafaza edebilmek igin, starter
kultur veya CaCl, eklenmesi gibi uygulamalardan kagmilmistir. Ekzopolisakkarit tretiminde, Tungttrk
(2009)’1in 6nerdigi yontemden yararlanilmuistir. Bunun igin inokile edilen érneklerden birinci grup 42
°C’de, ikinci grup 32 °C’de 16 sa siireyle inkiibe edilmis, tigiincii grup ise 2 sa 42 °C’de bekletildikten
sonra 14 sa sureyle 32 °C’de inkiibe edilmistir. Ekzopolisakkaritlerin konsantre edilmesi ve dondurma
uretiminde kullanilabilecek hale getirilmesi i¢in diyaliz tiipii kullanilmis ve buzdolabi kosullarinda
soguk fon uygulamasiyla su kaybi saglanarak konsantrasyon islemi gergeklestirilmistir. EPS’lerin
saflastirllmasinda Amatayakul ve ark (2006)’'nin verdikleri metottan yararlanilmistir. EPS
miktarlarinin belirlenmesinde ise Dubois ve ark (1956) nin bildirdikleri yontem kullanilmistir.

2.2. Deneme plam1 ve dondurmalarin genel bilesimi

On denemelerle yiiksek diizeyde EPS iirettigi saptanan ve birisi ticari liyofilize kiiltir (EPS1),
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digeri ticari yogurttan elde edilen kultir (EPS2) PAS’na ilave edilmistir. PAS ortaminda iiretilen EPS
kullanilarak standart dondurma iiretim yontemi ile dondurma 6rneklerinin tiretimi gergeklestirilmistir.
Dondurma numuneleri 6zellikle duyusal olarak test edildikten sonra, asil deneme, uygun goriilen
kombinasyonlarla olusturulmustur. ki farkli kiiltire ait 2 EPS (EPS1 ve EPS2), 2 farkli ticari
stabilizator (karboksimetil seliloz-CMC ve ksantan gam-Xs), 2 farkli EPS x 2 farkli stabilizator (%
50 oranlarinda) olmak iizere, 8 adet farkli dondurma ve 3 farkli depolama siiresi (1., 15. ve 30. glnler)
kullanilarak deneme gerceklestirilmis ve Ongoriilen analizler iki paralelli olarak yapilmistir. Elde
edilen EPS’lerin ongoriilen kullanim diizeylerinde fonksiyonel agidan tek baslarina yeterli olup
olmadiklari, farkli ikame oranlarinda kullanimlar1 ve elde edilen dondurmalara etkileri arastirilmistir.
Deneme 2 tekerriirlii olarak yiiriitiilmiistiir.

Dondurma formiilasyonlarinin olusturulmasinda taze krema (% 42 yagh), siit (% 3.5 yagh, %
8.82 yagsiz kurumaddeli), siit tozu (% 97 kurumaddeli), seker, emiilsifiyer (monogliserit + digliserit),
stabilizatér (CMC, Ksantan gam, EPS ¢0zeltisi) ve yumurta saris1 kullanilmigtir. Hesaplamalarda siit
ve kremanin serum fazinda % 9 oraninda yagsiz siit kurumaddesi bulundugu 6n kabuliine dayanan
“Serum Point” hesaplama yontemi kullanilmistir. EPS ilave edilen Orneklere ait formulasyon
hesaplanirken, oncelikle gerekli miktardaki EPS’yi karsilayacak EPS ¢o6zeltisi miktar1 hesaplanmis,
daha sonra diger bilesenler hesaplamaya dahil edilmistir (Anonim, 2009a). Cizelge 1’de
dondurmalarin  iiretiminde kullanilmast Ongoriilen genel bilesim parametreleri  verilmistir.
Formiilasyonda ayni bilesenler kullanilmig, sadece stabilizator farkliligimin dondurmanin gesitli
ozellikleri iizerine etkisi arastirilmistir.

Miks hesaplamasiyla elde edilen bilesen oranlari, her biri 2 1 miks olusturacak sekilde
oOlgiilendirilmis ve bir mikserle karigtirilarak sivi ve kat1 bilesenler bir araya getirilmistir. Elde edilen
ham miks 85 °C’de 10 dk siireyle pastorize edilmistir. Sonrasinda 4°C’ye sogutulan miksler 4 sa
stireyle dinlendirmeye birakilmistir. Dondurmalar kazan tipi/siyiricili bir dondurma makinasi (Simac-
Gelataio, Italya) kullamlarak yumusak dondurma formuna déniistiiriilmiis ve sertlestirme islemi 50
g’lik ambalajlara aktarildiktan sonra derin dondurucu kullanilarak gergeklestirilmistir. Dondurmalar
analize alinincaya kadar, plastik kaplarda agizlar1 kapali bir sekilde ve -18+1 °C’de muhafaza
edilmistir.

Cizelge 1. Deneme dondurmalarinin iiretiminde 6ngoriilen genel bilesim

Bilesenin adi Orani (%)
Yagsiz siit kuru maddesi 12
Stit yagi 8
Sakkaroz 18
Stabilizator (ticari stabilizatér +EPS toplami) 0.3
Emiilgatér (monogliserit + digliserit) 0.2
Yumurta sarist 0.5

2.3. EPS ¢ozeltileri ve dondurma 6rneklerinde kimyasal ve fiziksel analizler

EPS cozeltilerinin ve dondurma mikslerinin viskozitesinin belirlenmesinde, Brookfield
Viskozimetresi (Model DV-III) ve sicakligi programlanabilir su banyosu (Brookfield Engineering
Laboratories, Inc., MA, ABD) kullanilmistir. Olgiimler 5 °C’de, 50 rpm degerinde 5 s’de bir olmak
Uzere toplam 12 kayit alinarak gergeklestirilmistir. Olgiimde “small sample adaptdr” sistemi
kullanilmigtir. Mikslerin dondurucuda gecirdigi siirenin belirlenmesi, miks bilesimlerinin dondurma
olusum siirecine etkisini belirlemek igin 6l¢iilmiis ve bu amagla mikslerin yumusak dondurma kivamina
gelinceye kadar dondurucuda gegirmesi gereken siire saniye olarak belirlenmis ve kaydedilmistir. Stre
belirlemede siyirici/karigtirict durduruldugunda, taze dondurmanin dondurucu haznesinde gozle
goriliir bir akis gdstermemesi esas alinmaistir.

Dondurma 6rneklerinde kuru madde ve protein tayini AOAC (1995)’e gore, yag oranm1 Metin
ve Oztiirk (2002)’e gére saptanmustir. Kiil oram, titrasyon asitligi, pH degeri Kurt ve ark, (2003)
tarafindan bildirilen yontemle tespit edilmistir. Erime siiresi esit miktarlarda aliman dondurma
orneklerinin iri gozenekli elek lizerine yerlestirilmesi sonucu dondurmadan ilk damlanin diisme
stiresine dayali olarak Abd El-Rahman ve ark. (1997) ve Prindiville ve ark. (1999) tarafindan verilen
metotlar modifiye edilerek gerceklestirilmistir. Hacim artisi, dondurma miksinin dinamik donma
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esnasinda igerisine hava kabarciklarinin hapsolmasi sonucunda dondurmaya hacim artis1 olarak
yansima diizeyini belirlemek amaciyla Anonim (2009b)’e gore 6lgum ve formil (Hacim artis1 (%) =
(A-B)/Bx100) iizerinden hesaplama yapilmasiyla saptanmistir. Burada A elde edilen dondurmanin
hacmini, B ise kullanilan miksin hacmini ifade etmektedir. Serum stabilitesi 4 °C sicaklikta 15 g
dondurma orneginin 3000 x g degerinde 20 dk siireyle santrifiijlenmesi sonucunda ayrilan serum
miktarinin toplam miktara oranlanmasina dayali olarak Tungtiirk ve ark. (2000)’a gore belirlenmistir.

2.4. istatistiksel analiz

Deneme 8 adet farkli dondurma ve 3 farkli (0., 15. ve 30. giinler) analiz donemi kullanilarak
gerceklestirilmistir. Deneme iki kez tekrarlanmis ve ayni doneme ait, ayni tip analizler ayni giin
icerisinde tamamlanmistir. Dondurma 6rneklerin analizlerinden elde edilen degerlere, parametrelere
dayal olarak varyans analizi uygulanmistir. Onemli ¢ikan farkliliklar Tukey c¢oklu karsilastirma
testine tabi tutularak (SPSS 16), EPS’lerin dondurma iiretiminde stabilizator olarak kullanilmasi,
dondurmalarda arzu edilen fiziksel 6zelliklere ve yapisal degisikliklere etkileri ve depolama siiresinin
meydana getirdigi farkliliklar ortaya konulmustur (SPSS, 2007).

3. Bulgular ve Tartisma

3.1.0n denemede kullamlan Kkiiltiirlerin EPS iiretim Kkapasiteleri ve Uretilen EPS’lerin
viskozitesi

Calismamizda, 32 °C’de inkibe edilen drneklerde EPS dretimi 101.0 mg/l (EPS6) ile 271.3
mg/l (EPS2) arasinda degismistir. Aym degerlerin 42 °C’de inkiibe edilen 6rneklerdeki degisimi 106.2
mg/l (EPS3) ile 251.5 mg/l (EPS2) olarak saptanmustir. Once 2 sa 42 °C’de bekletilen ve daha sonra
42/32 °C’de 14 sa inkibe edilen biitiin 6rnekler ise diger iki gruptan daha yiiksek EPS iiretim degerleri
sergilemislerdir. Bu uygulamada EPS Uretim miktarlarinin 144.5 mg/l (EPS6) ile 371.5 mg/l (EPS2)
arasinda degistigi saptanmistir. En yiiksek EPS tiretiminin, 42 °C’de 2 sa bekletildikten sonra 32 °C’ye
alinip toplam 16 sa inkiibe edilen 6rneklerde gerceklestigi tespit edilmistir (Cizelge 2). Burada dikkat
ceken bir diger durum ise EPS2 ve EPS1 oOrneklerinin biitiin inkiibasyon derecelerinde en yiiksek
degerlere sahip olmalaridir. Faber ve ark, (1998), S. thermophilus’un ropy olmayan Rs susunun 135
mg/l konsantrasyonda ve 2.6x10° kDa molekiil agirligina sahip EPS iirettigini, Sts susunun daha az
oranda (127 mg/l) fakat daha yiiksek molekiil agirlhigma sahip (3.7x10°® kDa) EPS iirettigini
gozlemlemiglerdir. Ayni c¢alismada elde edilen EPS’lerin kimyasal kompozisyonlar1 birbirine ¢ok
yakin olmasina ragmen, S. thermophilus Sts susunun iirettigi molekiil agirligi yiiksek olan EPS’nin
daha yiiksek viskozite gosterdigi tespit edilmistir. Boke ve ark. (2010) 16 mg/I ile 211 mg/I arasinda,
Tunctlrk (2009) 676 mg/l, Cerning (1995) 80 mg/l ile 600 mg/l arasinda, Degeest ve De Vuyst
(1999) 2.3 g/l, Bergmaier ve ark. (2003) 2.2 g/l olarak EPS iiretim degerleri bulmuslardir.
Calisgmamizda bulunan degerler Cerning (1995)’in buldugu degerlerin arasinda yer alirken, Boke ve
ark. (2010)’nin buldugu degerler hari¢ diger aragtirmacilarin vermis olduklar1 degerlerden daha diisiik
¢ikmistir. Bu durumun bu ¢alismada kullanilan LAB’nin EPS iiretim kapasitelerinin, inkiibasyon
kosullarinin ve besi ortaminin farkli olmasindan kaynaklandigini séylemek miimkiindiir.

Bu ¢alismada, 5 °C’de yapilan 6l¢iimlere bagli olarak en yiiksek viskozite degerlerinin 42/32
°C’de kademeli inkiibasyon uygulanarak tretilen EPS1 6rneginde (54.5 cP) ve ayni uygulamayla
tretilen EPS2 oOrneginde (38.9 cP) oldugu saptanmistir. Bu iki Ornek diger inkiibasyon
uygulamalarinda da biraz diisiik de olsa en yiiksek viskozite degerleri gostermistir (Cizelge 2). Bu
inkiibasyon uygulamasinda diger Orneklerin viskozite degerleri 23.5 cP ile 32.9 cP arasinda
degismistir. Diger uygulamalardan 32 °C’ye ait viskozite degerleri 21.2 cP ile 48 cP arasinda, 42
°C’ye ait degerler ise 21.1 cP ile 41.5 cP arasinda degerler almigtir. Yang ve ark. (1999), bes ayn
Lactococcus lactis ssp. cremoris susunu Fin fermente siit triinii Viili’den izole etmislerdir. Sulu
solusyonlarda (EPS dlzeyi 0.1 g/dL’in tstii) EPS’lerin viskozite bakimindan farklilik gdsterdigi
saptanmistir. Tuinier ve ark. (2001), molekiil yapisi iizerindeki yan dallanmalarin stabilite tizerinde
o6nemli derecede etkili oldugunu ve L. lactis’in B891 ve B39 suslarimin sentezledigi EPS’lerde
molekiiliin iizerindeki galaktozil yan grubunun zincir stabilitesini azalttigin1 ve dolayistyla polimerin
koyulastirict etkisini azaltma egiliminde oldugunu belirtirken, B39 susunun sentezledigi EPS
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molekiiliine bagl asetil grubunun zincir stabilitesini etkilemedigini bildirmektedirler. Ayn1 ¢aligsmada,
EPS’lerin mevcut elektriksel yiikiiniin de (6rnegin EPS iizerindeki fosfat grubunun sahip oldugu
negatif yuk) iyonik kuvveti destekledigi ve bunun polimerin molekiiller arasi etkilesimini artirarak
hidrodinamik hareketliligi ve viskoziteyi artirdig bildirilmistir. Yine EPS tretim kabiliyetine sahip
S. thermophilus Rs ve Sts suslarinin kullanildig1 bir baska ¢alismada, iiretilen yogurtlarda olusturulan
her iki EPS miktarinin ve yapisindaki tekrar eden birimlerinin ayni olmasina ragmen, molekiil
agirliklarinin farkli olmasi dolayisiyla viskozitelerinde farkliliklarin olustugu tespit edilmistir (Ruas-
Madiedo ve ark., 2002). Calismamizda elde edilen EPS’lerin karakterizasyonu yapilmamis olmasina
karsin, EPS c¢oOzeltilerine ait viskozite degerlerinin hem icerdikleri EPS konsantrasyonuna hem de
molekil yapilariin farkli olmasina bagl olarak degistigi sdylenebilir. Nitekim, EPS2 6rnegine ait
EPS konsantrasyonlari biitiin uygulamalarda EPS1 6rneginden daha yiiksek iken, bunun tersine EPS1
Orneginin viskozite degerleri biitiin inkiibasyon uygulamalarinda daha yiiksek ¢ikmugtir. Yogurtta
yapilan bir ¢alismada, arzu edilen reolojik dzellikler Gzerinde iiretilen polisakkarit miktarinin yani sira,
stit proteinleri ve bakteri hiicreleri ile polimer arasinda gergeklesen farkli interaksiyonlardan dolay1
EPS tipinin de etkili oldugu sonucuna varilmis olmasi (Marshall ve Rawson, 1999), viskozite iizerine
konsantrasyonun disinda EPS’nin fizikokimyasal Ozelliklerinin de etkili oldugu gorisiinii
desteklemektedir.

Cizelge 2. On denemede kullanilan yogurt kiiltiirleri tarafindan {iretilen ham EPS’lerin
konsantrasyonu ve viskozite degerleri

EPS konsantrasyonu (mg/l) EPS’lerin viskozitesi (cP)

32°C 42°C 42/32 °C 32°C 42 °C 42/32 °C
EPS1 271.2+48.1 242.0£36.7 340.5+48.2 48.0£5.6 41.5+3.5 54.5+3.5
EPS2 271.3£29.7 251.5+47.4 371.5+21.9 34549 32.5%£4.9 38.9+2.7
EPS3 138.5+£33.2 106.2+11.3 148.5+£51.6 23.5+2.1 23.5+0.7 27.0+£1.4
EPS4 120.6+16.9 116.4+ 4.3 153.0+12.7 24.0+2.8 22.0+2.8 26.5+3.5
EPS5 151.3£12.8 159.0 £34.6 172.5+13.4 26.512.1 25.04.2 28.510.7
EPS6 101.0£18.3 107.5% 6.7 144.5+16.7 21.2+1.4 21.1+2.8 235114
EPS7 205.3+12.8 188.5+20.5 213.0+35.4 30.3+1.5 30.0+2.8 32.9+9.2

3.2. Dondurma Uretiminde Kullamlan EPS Cozeltilerine Ait Ozellikler

Calismamizda, dondurma iiretiminde kullanilmasina karar verilen ve bu amagla iretilen
EPS’ler igerisinde EPS1 6rneginin (373.0 mg/1), EPS2 6rneginden daha yiiksek konsantrasyona (328.0
mg/1) sahip oldugu saptanmistir (Cizelge 3) . Ham EPS ¢0zeltilerinin konsantrasyonlarinda goriilen bu
farklilik istatistiksel olarak 6nemli (p>0.05) degildir. Bu ¢alismada, ham EPS1 6rnegi 5 °C’de yapilan
Olglimde 53.5 cP ile en yiiksek viskozite degerine sahip olurken, EPS2 &rnegi aymi sicaklik
derecesinde 35.5 cP viskozite degeri sergilemistir. Ham EPS degerleri arasindaki bu farklilik
istatistiksel olarak p<0.05 diizeyinde onemli bulunmustur. Degeest ve De Vuyst (2000), yuksek
molekiil agirhigindaki EPS’lerin ¢ok diisiik konsantrasyonlarda bile yiiksek konsistens degeri
sergilediklerini bildirmiglerdir. Dondurma {iretiminde kullanilan ham EPS degerlerinin birbirine yakin
konsantrasyonlarda ¢ikmasina ragmen, viskozite degerleri arasindaki bu onemli farkliligin yukarida
belirtilen olgudan kaynaklandigi sdylenebilir.

Koyulastirma islemi sonrasinda EPS1 ¢o6zeltisinin konsantrasyonu 14697.5 mg/1 olarak tespit
edilirken, EPS2 6rneginin konsantrasyonu 14310.0 mg/1 olarak saptanmistir (Cizelge 3). Bu farkliligin
istatistiksel agidan onemli olmadigi (p>0.05) belirlenmistir. Yang ve ark. (1999), yiksek
konsantrasyonda (% 1, ag/hac), EPS soliisyonunun bir inceltme ajani davranigi gosterdigini ve
bulundugu iirlinlin viskozitesini, iirliniin sicaklik, pH ve mineral igerigine bagh olarak degistirdigini
bildirmislerdir. Bu c¢alismada, koyulastirma isleminden sonra 5 °C’de yapilan Ol¢limlerde EPS1
orneginin EPS2 6rneginden istatistiksel olarak 6nemli olmamakla (p>0.05) birlikte biraz daha yuksek
viskozite degerleri gosterdigi (sirasiyla 696.6 cP ve 644.6 cP) tespit edilmistir. EPS’lerin kimyasal
bilesimleri birbirine ¢ok yakin olmasina, yani polimerde yer alan ve tekrar eden monomerlerin benzer
olmasina ragmen, molekiil agirlign yiiksek olan EPS’nin daha yiiksek vikozite gosterdigi, daha
kompleks ortamlarda serum proteinleri, kolloidal partikiiller ve kazein misellerinin EPS tarafindan bir
arada tutulmasinin da viskoziteye etki eden 6nemli hususlar oldugu bildirilmistir (Tuinier ve ark.,
2001). Bu ¢alismada da konsantrasyon islemi sonrasinda EPS konsantrasyonlarinin birbirine oldukca
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yakin ¢ikmasina ragmen viskozite degerlerinde daha yiiksek oranda bir farkliligin ortaya ¢ikmis
olmasi, EPS’ler arasindaki yapisal farkliliga baglanmigtir.

Cizelge 3. Dondurma iiretiminde kullanilan ham ve kismen konsantre edilmis EPS’lerin 6zellikleri

Konsantrasyon iglemi dncesi Konsantrasyon iglemi sonrasi
EPS EPS ko(nrzzr}lt)rasyonu EPS viskozitesi(5°C)_(cP)  EPS konsantrasyonu (mg/l)  EPS viskozitesi (5°C)_(cP)
EPS1 373.0+£15.52 53.5+4.92 14697.5+£745.92 696.6+61.12
EPS2 328.0+22.6° 35.5+2.1° 14310.0+834.3% 644.4+35.62

b

: Ayni siitunda farkl harfle gosterilen ortalamalar p<0.05 diizeyinde birbirinden farklidir.
3.3. Dondurma miksinin bazi 6zellikleri

3.3.1.Dondurma mikslerinin viskozitesi (cP)

Dondurma miksi orneklerinde en yiiksek ortalama viskozite degeri 1765.83 cP degeriyle
XsEPS1 orneginde tespit edilirken, en diisiik ortalama deger ise 254.17 cP ile EPS2 o6rneginde
saptanmustir (Cizelge 4). Calismamizda, Ornekler arasinda goriillen bu istatistiksel farkliligin,
dondurma miksi tiretiminde kullanilan EPS ve ticari hidrokolloitlerin su baglama degerlerinin farkl
olmasindan kaynaklandigi sdylenebilir. Nitekim ayni konsantrasyonda stabilizator/hidrokolloit
kullanilarak hazirlanmig dondurma mikslerinin viskozite degerlerinin birbirinden farkli olmasi da bu
goriisii desteklemektedir. Dondurma mikslerinde Akin ve Akin- Giler (2008) 5200 cP ile 10700 cP,
Yesilsu (2006) 2140 cP ile 4290 cP, Durak (2006) 134.87 cP ile 598.40 cP, Aliyev (2006)
268.00 cP ile 598.60 cP, Muse ve Hartel (2004) 621 cP ile 935 cP arasinda viskozite degerleri
bulmuslardir. Buldugumuz mikslerin viskozite degerleri Akin ve Akin-Guler (2008) ve Yesilsu (2006)
tarafindan saptanan degerlerden diisiiktiir. Bu aragtirmacilarin dondurma mikslerinde buldugu
degerlerin yliksek ¢ikmasi ise dondurma iiretiminde kullandiklar stabilizatorlerin miktarlarinin yiiksek
olmasiyla agiklanabilir. Dondurma misklerinde tespit ettigimiz degerlerin Durak (2006), Aliyev (2006)
ve Muse ve Hartel (2004) tarafindan tespit edilen degerlerle kismen uyumlu oldugu tespit edilmigtir.

Dondurma mikslerinin viskozite degerlerine topluca bakildiginda, biitiin 6rneklerde kullanilan
toplam hidrokolloit oranlart (ticari stabilizator + EPS) % 0.3 olmasina ragmen, kombinasyonlarin tek
basina kullanimlardan daha yiiksek viskozite degerleri gosterdikleri goriilmektedir. Ornegin ksantan
gum’in tek basina kullanildig1 mikste 775.8 cP degeri, EPS1’in tek basina kullanildig1 mikste de 432.5
cP degeri bulunurken, bu iki hidrokolloidin yari1 miktarlariin bir araya getirilmesiyle olusturulan
XsEPS1 miksinde bu deger 1765.8 cP gibi oldukga yiiksek bir degere ¢ikmistir. Bu interaksiyon etkisi
farkli diizeylerde olmakla birlikte diger kombinasyon mikslerinde de goézlenmektedir. Bu durum,
EPS1 6rneginde daha fazla olmak fizere, her iki EPS 6rneginin de kullanilan ticari ksantan gum ve
karboksimetil selilloz ile su baglama ve viskoziteyi arttirma bakimindan giiglii bir etkilesim
gosterdigini ortaya koymaktadir. Bu etkilesimde EPS’lerin mevcut elektriksel yukinin ticari
stabilizatorlerin iyonik kuvveti ile desteklenmesinin ve bunun polimerin molekiiller arasi etkilesimini
artirarak hidrodinamik hareketliligi ve viskoziteyi artirmasinin etkili olmasi s6z konusudur (Tuinier ve
ark., 2001).

3.3.2. Mikslerin dondurucuda gegcirdigi siire ()

Dondurma misklerinin yumusak dondurma formuna doniisiinceye kadar dondurucuda
gecirdigi siire 6rnekler arasinda farkliliklar gostermistir. Bu siire 805 s ile 1070 s araliginda degisim
gostermistir (Cizelge 4) . En uzun siire 1070 s ile EPS2 6rneginde saptanirken, bunu XsEPS2 6rnegi
1009 s ile takip etmistir. En diisiik degerlerin 805 s ile CMC ve XsEPS1 orneklerinde oldugu tespit
edilmistir. Ornekler arasindaki bu farklilik istatistiksel olarak énemli goriilmiistiir. Goriilen farkliligim
kullanilan stabilizatorlerin kimyasal yapilarinin farkliligindan ileri geldigi sdylenebilir. Baz1 istisnalari
olmakla birlikte, genel olarak viskozitesi daha ylksek olan mikslerin, dondurucuda daha kisa bir sure
igerisinde yumusak dondurma formuna doniistiigii tespit edilmistir. Kegeli ve ark. (1997), keci
sitiinden yapilan dondurmalarda salep ve bazi alternatif stabilizatorlerin dondurma miksinin
ozelliklerini de degistirdigini bildirmislerdir.
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Cizelge 4. Dondurma mikslerine ait bazi1 6zellikler

Dondurma miksi

Dondurma 6rnegi Viskozite (cP) Dondurucuda gegirdigi siire(s)

Xs 775.8£109.5¢ 840.0+28.2°

CMC 997.5+261.8° 805.0£35.3¢
EPS1 432.5+169.4¢ 845.0£21.2°

EPS2 254.1+ 46.1° 1070.0£56.52
XsEPS1 1765.8+333.72 805.0£35.6°

XsEPS2 770.0£101.3¢ 1009.0+15.5%
CMCEPS1 1735.8+476.72 818.0£31.1°
CMCEPS?2 1047.5+329.5° 930.0+42.4°

Xs:% 0.3 Ksantan gum; CMC: % 0.3 Karboksimetil seliiloz; EPS1: % 0.3 EPS1 ¢ozeltisi; EPS2: % 0.3 EPS2 ¢odzeltisi;
XsEPS1: % 0.15 Ksantan gum + % 0.15 EPS1 ¢6zeltisi; XsEPS2: % 0.15 Ksantan gum + % 0.15 EPS2 ¢ozeltisi; CMCEPS1:
% 0.15 Karboksimetil seltiloz + % 0.15 EPS1 ¢ozeltisi; CMCEPS2: % 0.15 Karboksimetil seliloz + % 0.15 EPS2 ¢ozeltisi

ab,cde

Aymni siitunda farkl: harfle gosterilen ortalamalar p<0.05 diizeyinde birbirinden farklidir.
3.4. Dondurmalarin Kimyasal Ozellikleri

Calismada, dondurma 6rneklerinin ortalama kurumadde degerleri % 39.84 (CMC) ile % 40.91
(XSEPS2) arasinda degismistir (Cizelge 5) . Tiirk Gida Kodeksi-Dondurma Tebligine gére kurumadde
orant en az % 36 olmalidir (Anonim, 2005). Bu ¢alismada, bitiin dondurma 6rneklerinin kurumadde
oranlar1 dondurma tebligine uygun bulunmustur. Dondurma ornekleri arasinda kurumadde igerigi
bakimindan istatistiksel olarak dnemli bir fark tespit edilmemistir (p>0.05). Dondurmanin kurumadde
orant Celik ve ark. (2010) tarafindan % 33.14 ile % 33.88, Akin ve Akin-Giiler (2008) tarafindan %
30.04 ile % 34.66, Celiker (2008) tarafindan % 32.73 ile % 36.85 arasinda belirlenmistir. Yine bu
deger i¢in Akalin ve ark. (2008) % 36.90 ile % 40.20, Ruger ve ark. (2002) % 37.90 ile % 38.20,
Guinard ve ark. (1996) % 32.49 ile % 53.16 arasinda degisen kurumadde degerleri bulmuslardir.
Calismamizda elde ettigimiz degerlerin, Guinard ve ark. (1996)’nin buldugu degerlerden kismen
diisiik olmasinin, s6z konusu arastirmacilarin dondurma yapiminda kurumaddeyi arttiran musir
surubunu yiiksek oranda kullanmalarindan ileri geldigi diisiiniilmektedir. Bu ¢alismadaki kurumadde
sonuglar1 diger aragtirmacilarin bulgularindan daha yiiksek fakat standartlara uygun bulunmustur.

Dondurma &rneklerinin ortalama yag igeriklerinde en disiik deger % 7.50 ile Xs, EPS1 ve
XsEPS2 orneklerinde, en yiiksek deger ise % 7.83 ile EPS2 6rneginde saptanmustir (Cizelge 5).
Calismada dondurma formiilasyonunda yag oraninin % 8 olmas1 6ngériilmiistii. Bu degere oldukga
yaklagilmis olmasina ragmen, tiimiinde ayni degerin bulunmamis olmasi, yag orami ayarlamada
kullanilan kremanin kismen kristallenmesi sonucunda, her tarafinin ayn1 yag oranina sahip
olmamasindan kaynaklandigini sdylemek miimkiindiir. Buna ragmen c¢alismamizda, stabilizator
disindaki dondurma bilesenlerinin oranlarinin miimkiin oldugunca ayni olmasi igin yapilan hesaplama
ve bunlarin uygulamalart olumlu sonu¢ verdiginden, yag igerikleri bakimindan bazi farkliliklar
olmasina karsin orneklerde istatistiksel olarak onemli diizeyde farklilik saptanmamustir (p>0.05).
Dondurmalarda yag oranin1 Celiker (2008) % 5.05 ile % 6.25, Akalin ve ark. (2008) % 3.2 ile % 9.9,
Ruger ve ark. (2002) % 11.09 ile % 11.21, Guinard ve ark. (1996) % 8.73 ile % 19.30 arasinda
bulmuslardir. Elde ettigimiz degerler, Akalin ve ark. (2008), tarafindan tespit edilen degerler ile
kismen paralellik gostermistir. Celiker (2008) tarafindan saptanan degerlerden yiiksek, Ruger ve ark.
(2002), Guinard ve ark. (1996)’nin buldugu degerlerden diisiik ¢cikmistir. Yag miktarinda goriilen bu
degisim, arastirmacilarin formiilde kullandiklar yag kaynaklarinin (yagh siit, krema, tereyagi vb.)
farkli oranda yag icermesinden ve bunlarin farkli oranlarda kullanilmasindan kaynaklanmaktadir.

Sade ve ¢ikolatali dondurmalarin biinyesinde bulunan proteinli maddeler, siitten ve kullanilan
diger bilesenlerden ileri gelmektedir. Bununla birlikte meyveli dondurmalardaki proteinler ise bunlara
ilaveten meyveden gelmektedir (Yesilsu, 2006). Bu c¢alismada ise kuruyemis gibi farkli protein
kaynaklar1 kullanilmadigindan, proteinin timii siit kaynaklidir. Bu ¢alismada, dondurma 6rneklerinin
ortalama protein degerlerinin % 4.05 ile % 4.17 arasinda yer aldig1 belirlenmis ve istatistiksel olarak
bir farkliligin olusmadig (p>0.05) saptanmistir (Cizelge 5). Diger ¢alismalarda dondurmanin protein
miktar1 Celiker (2008) tarafindan % 3.07 ile % 4.40 arasinda, Yesilsu (2006) tarafindan % 3.35 ile %
4.01 arasinda, Badem (2006) tarafindan % 3.53 ile % 4.33 arasinda belirlenirken, Akalin ve ark.
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(2008) % 3.7 ile % 8.0 arasinda, Aim ve ark. (2001) tarafindan % 3.38 ile % 3.81 arasinda
bulunmustur. Tespit ettigimiz sonuglar, Akalin ve ark. (2008)’nin buldugu degerlerden iist limit olarak
distiktiir. Protein degerlerine ait sonuglarimiz diger ¢alismalardan elde edilen sonuglarla kismen
benzerlik gostermektedir.

Dondurma orneklerinin kiil degerleri lizerine ornek farkliliginin 6nemli derecede etkide
bulundugu (p<0.05) gériilmiistiir (Cizelge 5). En yiiksek kiil oranlarina % 0.99’luk degerlerle EPS1 ve
EPS2 orneklerinde rastlamirken, en diisiik kiil oranlarina ise % 0.91°’lik degerlerle Xs ve CMC
orneklerinde rastlanmigtir. Dondurma {iretiminde kullanilan EPS1 ve EPS2 c¢ozeltilerinin kil
oranlariin yiiksek olmasinin, bunlarin elde edildigi peynir alti suyunun bilesiminde bulunan ve kil
oranina dogrudan etki eden mineral madde oraninin yiiksek olmasindan kaynaklandigini sdylemek
miimkiindir. Dondurma tiretiminde kullanilan EPS ¢dzeltileri tamamen saflastiriimadigindan, bunlarin
igeriginde bir miktar mineral madde kalmis ve iiretiminde kullanildiklari dondurmalarin bilesimlerine
yansimistir. Boylece EPS iceren dondurmalarin kiil igerikleri, katildiklar1 orana bagli olarak diger
dondurmalardan daha yiiksek ¢ikmustir. Dondurmada kil miktarin1 Hatipoglu (2007) % 0.68 ile %
0.79, Yesilsu (2006) % 0.76 ile % 1.02, Durak (2006) % 0.59 ile % 0.92, Aliyev (2006) % 0.58 ile %
0.91 arasinda bulmuslardir. Tespit ettigimiz kiil oranlar1 yukarida bahsedilen ¢alismalarin alt
degerlerinden yiiksektir. Bu c¢alismada bulunan kiil degerlerinin diger ¢alismalarda bulunan
degerlerden nispeten yiiksek olmasi, dondurma Uretiminde kullandigimiz, tamamen saflagtirilmamig
EPS’lerden ve diger bilesenlerin 6zelliklerinden kaynaklanmisgtir.

Bu ¢alismada dondurma 6rneklerinin ortalama asitlik (laktik asit) degerlerinin % 0.21 ile %
0.23 arasinda yer aldigi tespit edilmistir (Cizelge 5). Laktik asit degerlerinin stabilizator
farkliliklarindan 6nemli derecede etkilenmedigi (p>0.05) goriilmiistiir. Laktik asit degerlerinin
farklilik gostermemesinin sebebinin; dondurmalarin ayni sartlarda iiretilip muhafaza edilmesi ve
iiretimde kullanilan EPS c¢dzeltilerinin dogal siit pH degerine (6.6) ayarlanmasindan kaynaklandigi
sOylenebilir. Dondurmalarda Hatipoglu (2007) % 0.31 ile % 0.45, Yesilsu (2006) % 0.22 ile % 0.43,
Sahan ve Kacar (2004) % ile % 0.26 arasinda degisen asitlik degerleri bulmuslardir. Aim ve ark.
(2001) bu degeri % 0.19 ile % 0.79 olarak belirlemislerdir. Elde ettigimiz laktik asit degerleri, diger
arastirmacilarin tespit ettigi degerlerden genel olarak diisiik ¢ikmistir. Bu durum ¢alismamizda, 1sil
islemden miksin dondurulmasina kadar gecen siire igerisinde miksin igerisinde kalmis olabilecek
sicakliga direngli bakterilerin faaliyetlerinin iyi kontrol altinda tutulmasiyla agiklanabilir.

Cizelge 5. Dondurma 6rneklerine ait kimyasal 6zellikler

Dondurma Kurumadde Yag Protein Kl Asitlik pH
ornegi

Xs 39.99+0.292  7.50+0.55? 4.10+0.132 0.91+0.02° 0.2240.012 6.50+0.09%
CMC 39.84+0.40*  7.60+0.50? 4.05+0.182 0.91+0.01° 0.21+0.012 6.60+0.08%
EPS1 40.83+0.35*  7.50+0.55% 4.13+0.16% 0.99+0.062 0.23+0.012 6.54+0.05%
EPS2 40.33+0.67*  7.83£0.75% 4.12+0.10? 0.99+0.062 0.21+0.012 6.61+0.05%
XsEPS1 40.10+0.34*  7.58+0.50% 4.17+0.172 0.98+0.032 0.22+0.012 6.60+0.06%
XSEPS2 40.91+0.71*  7.50+0.55% 4.13+0.14*  0.96+0.01% 0.21+0.012 6.61+0.042
CMCEPS1 40.20+0.30*  7.67+0.50% 4.17+0.10°  0.97+0.02% 0.23+0.012 6.62+0.042
CMCEPS2 40.32+0.71*  7.58+0.50% 4.13+0.14®  0.96+0.03% 0.21+0.012 6.63+0.05%

Xs:% 0.3 Ksantan gum; CMC: % 0.3 Karboksimetil seltiloz; EPS1: % 0.3 EPS1 ¢ozeltisi; EPS2: % 0.3 EPS2 ¢ozeltisi;
XSEPS1: % 0.15 Ksantan gum + % 0.15 EPS1 ¢ozeltisi; XSEPS2: % 0.15 Ksantan gum + % 0.15 EPS2 ¢6zeltisi; CMCEPS1:
% 0.15 Karboksimetil seliiloz + % 0.15 EPS1 ¢ozeltisi; CMCEPS2: % 0.15 Karboksimetil seliiloz + % 0.15 EPS2 c¢ozeltisi

b
: Ay siitunda farkl harfle gdsterilen ortalamalar p<0.05 diizeyinde birbirinden farklidir.

Deneme dondurma orneklerinin ortalama pH degerlerinin 6.50 ile 6.63 arasinda degistigi
saptanmustir (Cizelge 5) . Ortalama pH degeri en yiiksek 6.63 ile CMCEPS2 6rneginde goriiliirken, en
diisiik degere sahip ornek ise 6.50 ile Xs olmustur. Genel olarak dondurma 6rneklerinin pH degerleri
tizerine Ornek farkliliginin 6nemli derecede etkisi olmadigi saptanmistir. Ksantan gamla Gretilen
dondurmanin pH degerinin, 6nemli derecede olmasa da, diger drneklerden biraz diisiikk ¢ikmasinda
karboksil gruplarini fazlaca igermesinin etkisi oldugu diisiiniilmektedir. Ornekler arasindaki bu
farkliligin, miks formiilasyonuna giren bilesenlerin 6zelliklerinden, EPS c¢ozeltilerinde yapilan pH
ayarlamasindan ve miks ortamimin tamponlama yapma kapasitesinden kaynaklandigi sdylenebilir.
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Celik ve ark. (2010) 6.61 ile 6.65, Akin ve Akin-Gller (2008), 4.85 ile 5.28, Akesowan (2009)
6.15 ile 6.34, Ruger ve ark. (2002) 6.40 ile 6.51 arasinda degisen pH degerleri bulmuslardir.
Saptadigimiz pH degerleri, Akin ve Akin-Gller (2008) ve Akesowan (2009), tarafindan bulunan
degerlerden yiksektir. Bizim c¢alismamizla diger ¢alismalar arasinda ortaya ¢ikan farkliliklar ise
tamamen formiilasyonda kullanilan bilesenlerden kaynaklanmaktadir. Elde ettigimiz pH degerleri,
Celik ve ark. (2010), Ruger ve ark. (2002) tarafindan bulunan degerlere kismen benzerlik
gostermektedir.

3.5. Dondurmalarin Fiziksel Ozellikleri

Dondurma 6rneklerinin ortalama erime siireleri bakimidan en yiiksek degerin 728 s ile XsEPS1
orneginde, en disik degerin ise 383 s ile CMC orneginde oldugu belirlenmistir (Cizelge 6).
Dondurmalarin erime siireleri arasinda istatistiksel olarak onemli derecede farkliliklar olusmustur
(p<0.01). Genel olarak, EPS1 6rneginin tek olarak kullanildigi dondurma ve bu 6rnegin Xs ve CMC
kombinasyonlari ile tiretilen dondurmalarin daha uzun erime siirelerine sahip olduklar1 goriilmektedir.
Dondurmalarin erime siireleri Akin ve Akin-Giiler (2008) tarafindan 1011 s ile 1478 s, Yasar ve Sahan
(2008) tarafindan 2331 s ile 3051 s, Durak (2006) tarafindan 570 s ile 1899 s, Aliyev (2006) tarafindan
1249 s ile 2025 s, Sahan ve Kagar (2004) tarafindan 2279 s ile 2746 s arasinda degisen degerler olarak
belirlenmistir. Muse ve Hartel (2004) ise dondurmada erime siresiyle ilgili olarak 12 s ile 216 s
arasinda degisen degerler bulmuslardir. Bu durumun, arastirmacilarin dondurma iretiminde
kullandiklar1 stabilizator ve diger bilesenlerin farkli olmasindan, ayrica analiz yontemlerinin bu
calismadakinden farkli olmasindan (6rnek miktari, sicaklik vb.) kaynaklandigi sylenebilir. Ancak bu
caligmada biitiin dondurmalarin kurumadde oranlart birbirine yakin oldugundan, farkliligin daha ¢ok
dondurmalarin fizikokimyasal farkliliklarindan ileri geldigi varsayilmaktadir. Dondurmanin erime
siiresine miksin viskozitesinin, hacim artistnin ve buz kristallerinin biiylikliigiiniin etki ettigi
bildirilmistir (Chen ve ark., 2019).

Deneme dondurma orneklerinin hacim artisinda ortalama degerlerin en diisiik % 16.19 ile

EPS1 6rneginde, en yiiksek % 31.46 ile EPS2 6rneginde oldugu tespit edilmistir (Cizelge 6). Xs, CMC
ve EPS2 hidrokolloitlerinin tek baslarina kullanildigi dondurmalar, diger 6rneklerden 6nemli derecede
yiiksek (p<0.05) hacim artis1 degerleri gostermistir. Miks igeriginde yer alan maddelerin (stabilizator
hari¢) bilesimi, dondurma makinasinin 6zelligi, tiretim teknigi vb. faktorler ayni oldugundan farkliligin
dondurma iiretiminde kullanilan farkli stabilizatorlerden kaynaklandigi sdylenebilir.

Cizelge 6. Dondurma Orneklerine ait fiziksel 6zellikler

Dondurma Erime siresi Hacim artis1 Serum stabilitesi
ornegi

Xs 392.00+ 89.45¢ 30.01+2.918 100.00+0.00?
CMC 383.00+ 49.10¢ 29.74+2.99% 100.00+0.00?
EPS1 518.00+ 89.69° 16.19+1.12¢ 78.27+6.06°
EPS2 433.00+ 27.73%¢ 31.46+2.742 100.00+0.00?
XsEPS1 728.00+127.00° 23.54+3.48° 100.00+0.00?
XsEPS2 387.00+ 41.87¢ 24.97+3.07° 100.00+0.00?
CMCEPS1 423.00+ 64.82°¢ 23.82+2.17° 100.00+0.00?
CMCEPS2 389.00+ 40.94¢ 21.85+1.47° 100.00+0.00?

Xs:% 0.3 Ksantan gum; CMC: % 0.3 Karboksimetil seltiloz; EPS1: % 0.3 EPS1 ¢ozeltisi; EPS2: % 0.3 EPS2 ¢ozeltisi;
XSEPS1: % 0.15 Ksantan gum + % 0.15 EPS1 ¢ozeltisi; XsEPS2: % 0.15 Ksantan gum + % 0.15 EPS2 ¢ozeltisi; CMCEPS1:
% 0.15 Karboksimetil seliiloz + % 0.15 EPS1 ¢ozeltisi; CMCEPS2: % 0.15 Karboksimetil seliiloz + % 0.15 EPS2 ¢ozeltisi

b
: Farkl1 harfle gosterilen ortalamalar p<0.05 diizeyinde birbirinden farklidir.

Diger ¢alismalarda hacim artis oranlarini, Celik ve ark. (2010) % 35.93 ile % 48.94 arasinda,
Akin ve Akin- Guler (2008) % 24.90 ile % 30.20 arasinda, Sahan ve Kacar (2004) % 29.76 ile % 45.24
arasinda, Kogan ve Kogak (2002) % 85.60 ile % 92.50 arasinda, Dertli ve ark. (2016) % 22.54 ile %
33.33 arasinda belirlemislerdir. Buldugumuz hacim artis degerleri, Akin ve Akmn-Giler (2008)
tarafindan bulunan degerlere kismen benzerlik gosterirken, Dertli ve ark. (2016) tarafindan verilen
degerlere bir 6rnek diginda (EPS1) tamamen benzerlik gostermektedir. Celik ve ark. (2010) ile Sahan
ve Kagar (2004) tarafindan bulunan degerlerden ise diisiik ¢itkmistir. Hacim artis degerlerinin farklilik
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gostermesi, iiretim sirasinda dondurucu makinanin styirici bigaklarinin yapisina, miksin dondurucuya
konulma sicakligina ve makinanin sogutma kapasitesi ve buna bagli olarak dondurucuda gegirdigi
stireye bagl olarak degisebildigi gibi, stabilizatorlerin farkliligindan da kaynaklanabilmektedir.

EPS1 6rnegi hari¢ diger 6rneklerde serum ayrilmasi gézlenmemistir. EPS1 6rneginde serum
ayrilmasi degeri % 21.73 olarak saptanmistir (Cizelge 6) . Serum ayrilmasi tizerine stabilizatorlerin
kimyasal yapilarinin, dolayisiyla su baglama kapasitelerinin etkili oldugu sdylenebilir ki, bu durum
EPSI1 olarak kodlanan ekzopolisakkaritin su baglama kapasitesinin diisiik oldugunu gostermektedir.

4. Sonug

Bu ¢alisma, dondurma iiretiminde farkli kaynaklardan elde edilen ¢esitli ticari stabilizatorlerin
tamamen veya kismen, dogal bir hidrokolloit olan ekzopolisakkaritlerle ikame edilme olanaklarinin
aragtirilmasini amaclamistir. Peyniralti suyu kullanilarak EPS iiretiminin miimkiin oldugu, 42 °C’de 2
sa inkibe edildikten sonra 14 sa sureyle 32 °C’de bekletmenin EPS verimini 6nemli derecede arttirdigi
belirlenmistir. Her iki EPS’nin de tek baslarina kullanildigi dondurma mikslerinde tatmin edici
dizeyde viskozite artist sagladigi, bu EPS’lerin ksantan gum ve karboksimetil selulozla
kombinasyonlarimin kullanildigt mikslerde viskozite degerlerinin daha da yiikseldigi saptanmistir.
Dondurmalarin bilesimleri arasinda genel olarak bir farklilik olusmamistir. Dondurmalarin erime
stirelerinin uzatilmasinda EPS1’in kullanilmasiyla olumlu sonuglar alindigi, diger taraftan EPS2
orneginin yalniz kullanildigi dondurmanin daha yiiksek hacim artigt gosterdigi belirlenmistir. Bu
veriler 1s1ginda, dondurma iretiminde kullanilacak EPS’lerin fizikokimyasal 06zelliklerinin iyi
bilinmesi ve amaca uygun Ozellikler gosteren EPS’lerin dondurma miksi stabilizasyonunda diger
hidrokolloidlerle kombinasyon halinde veya tek baslarina kullanilmasinin da miimkiin oldugu, ancak
secilecek EPS’lerin fizikokimyasal 6zelliklerinin iyi karakerize edilmesi gerektigi ortaya konulmustur.

Tesekkiir
Bu c¢alisma YYU Bilimsel Arastirma Projeleri Baskanlig1 tarafindan YYU-BAP-2010-FBE-
D031 No’lu proje olarak desteklenmistir.
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Oz: Bu calisma, GUL Herbaryumu’nda bulunan Apiaceae (Umbelliferae)
familyas1 Orneklerinin yeniden duzenlenmesi, internet sitesinde veri tabani
hazirlanmasi, teshis edilmemis orneklerin teshis edilmesi, teshislilerin yeni
literatiir 15181nda kontrol edilmesi ve temel sistematik eserlerdeki tanimlamalara
uymayan Ozellikleri ile endemik taksonlarin ve tehlike kategorilerinin
belirlenmesi esasina dayanmaktadir. Bu c¢alisma ile GUL Herbaryumu’nda
Apiaceae familyasina bagli 54 cins ve bu cinslere ait 128 tiire bagli 135 takson
belirlenmigtir. GUL Herbaryumu’ndaki Apiaceae familyasinin takson zenginligi
yoniinden ilk siradaki cinsleri; Bupleurum ve Pimpinella 8, Eryngium 7, Scandix
6, Johrenia, Chaerophyllum, Anthriscus, Prangos, Ferulago, Torilis, Daucus 5’er
takson icermektedir. Endemik takson sayis1 20 olup; 4 takson LC, 6 takson NT, 3
takson CD, 5 takson VU, 1 takson EN ve 1 takson ise CR kategorisindedir. 60
takson Tiirkiye’deki gesitli kareler igin yeni kayittir. Orneklerin tamami Tiirkiye
menseili olup, ¢ogunlugu Dogu Anadolu’dan ve Goller Yoresi’nden toplanmustir.
Sunulan érneklerin ¢ogunlugu ilk yazar tarafindan toplanmis ve teshis edilmistir.
Ancak teshisinde siipheli olan veya tamamiyla ¢esitli nedenlerden dolay1 teshis
edilemeyen ornekler de bulunmaktadir.
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Abstract: This study is based on the rearrangement of Apiaceae (Umbelliferae)
family samples which are included in Herbarium GUL, the preparation of
database in the website, the diagnosis of the samples which have not been
diagnosed, checking the diagnosed ones according to present literature and the
properties that do not comply with the definitions in the basic systematic works
and determining of the endangered and endemic kinds. With this study, 54 genera
and 128 species in Apiaceae family in Herbarium GUL and 135 taxa belong to
these genara have been determined. The genera in term of kind abundance in
Apiaceae (Umbelliferae) family in Herbarium GUL are Bupleurum (8 taxa),
Pimpinella (8 taxa), Eryngium (7 taxa), Scandix (6 taxa), Johrenia,
Chaerophyllum, Anthriscus, Prangos, Ferulago, Torilis, Daucus (5 taxa).
Endemic taxon number in the herbarium is 20. 4 taxa to LC, 6 to NT, 3 to CD, 5
to VU, 1 to EN and 1 taxon belong to CR categories. 60 taxa are new records for
various squares in Turkiye. All of the specimens were of Turkish origin and most
of them were collected from Eastern Anatolia and Lakes Region. Most of the
talked samples were collected and identified by first author. However, there are
also specimens that are suspicious or not completely diagnosed for various
reasons.
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1. Giris

Yerytziindeki bitkilerin dagilislart ve yasam ortamlari ile ilgili bilgilere ulasmanin bir yolu da
herbaryumlardir. Herbaryumlar; kabul gérmiis belli bir siniflandirma sistemine gore diizenlenmis,
bilimsel ¢alismalara 1sik tutan, belirli yontemler ve teknikler kullanilarak toplanmis ve sikistirilarak
kurutulmus bitki 6rneklerinin korunup saklandigi, canli bitkiye ulasmanin miimkiin olmadigi veya ¢ok
zor oldugu durumlarda kuru materyal bulunmasini saglayan, cesitli arastirmalarin yapildigi 6nemli
bitki muzeleridir. Tirkiye’de yaklasik 60 herbaryum bulunmaktadir (Uma ve Diizenli, 2012) ve
bunlardan 50°si, diinyada kurulu ve belirli standartlara sahip diinya genelinde tim verilerinin
tutuldugu, Index Herbariorum'a kayithidir (Ozdeniz ve Kurt, 2011). Ayrica iilkemizin bitki
¢esitliliginin iyi bilinmesi, arastirma olanaklarmin iyilestirilmesi ve hizlandirilmasi igin 2001 yilinda
TUBIVES (Tiirkiye Bitkileri Veri Sistemi), 2002 yilinda IZEF (Tiirkiye'nin ilk sanal herbaryumu) gibi
veri tabami olusturularak verilerin sanal ortama aktarilmasi yoniinde ¢alismalar yapilmig ve yapilmaya
devam etmektedir (Oztiirk ve Ege, 2014). Sanal herbaryumlarimizin sayis1 giin gectik¢e artmaktadir.

Yaklastk 25 000 bitki 6rnegi bulunan Siileyman Demirel Universitesi Herbaryumu
Turkiye’nin hemen her yerinden gelen kiymetli bitki 6rneklerinin bulundugu herbaryumlardan biridir.
Genel amach ve yoresel bir herbaryum olup, temelleri 1994 yilinda birinci yazar tarafindan atilmistir.
Hem sanal hem de fiziki ortamda hizmet vermektedir Dogu ve Giineydogu Anadolu bolgesi florasi
Uzerine VANF’den sonra en ¢ok 6rnek tasiyan herbaryum oldugu tahmin edilmektedir. Goller Yoresi
floras1 lizerine ise en zengin herbaryumdur. Tibbi ve aromatik bitki Ornekleri agirliktadir.
Herbaryumun giiller diyar1 Isparta'da yer almasi ve en ¢ok 6rnegin Rosa cinsine ait (yaklagik 4 000
ornek) olmasi sebebiyle 2009 yilinda Index Herbariorum’dan uluslararasi ‘GUL’ kodunu alarak bilim
diinyasina kazandirilmistir. En fazla 6rnek ve takson Ranunculaceae, Caryophyllaceae, Rosaceae,
Apiaceae, Asteraceae ve Labiatae familyalarina aittir (Korkmaztiirk, 2011; Anonim, 2019). Apiaceae
familyas1 takson zenginligi agisindan herbaryumda 4. siradadir. En fazla bitki 6rnegi sayisi 6nem
sirasina gore; Rosa L., Silene L., Ranunculus L., Gypsophila L. ve Cousinia Cass. cinslerine aittir.
GUL Herbaryumu’nun kendine 6zgl calisma sartlart bulunmaktadir: Bitkiler; Karayosunu, Egrelti,
Acik Tohumlu, iki Cenekli, Tek Cenekliler sirastyla dizilmistir. Bu gruplar iginde 6rnekler familya
sirasinda alfabetik, ancak familya alti gruplarda ‘Flora of Turkey’ adli esere (Davis, 1965-1988)" e
gore dizilmistir. Bitkilerin herbaryum numarasi da bu eserdeki familya, cins, tiir numaralarindan sonra
ve kaydedilme sirasina gore 1°den baglanarak verilmistir. Mesela, 63/42/1-1: 63. familya olan
Apiaceae (Umbelliferae)’nin 42. cinsi olan Prangos’un 1. tiirii olan P. pabularia’nin herbaryuma
kaydedilen ilk 6rnegini ifade etmektedir. Dolaplara yerlestirme de ayni1 sekilde familya, cins ve tiir sira
no.su ile yapilmaktadir. 30 x 45 cm ebatinda 350-500 g/m?lik kroma kartonlara bitkiler sicak silikonla
yapistirildiktan sonra sol alt koseye yaklasik 2 x 8 cm ebatinda, gegici kiigiik bir etiket konulur.
Kartonun sag alt kdsesine ise esas etiket konulur. Bu etikette ilgili drnege ait tiim kiinye verilmektedir.
Degerli 6rnek, kilitli seffaf plastik posetlere konulup icerisine bir miktar naftalin eklenerek kapatilip
dolabina yerlestirilmektedir. Sanal herbaryumda Tiirkiye bitkilerini, dogasini ve ekosistemini anlatan
siirler ve yapilan caligmalar da yaymlanmaktadir. 15 civarinda tohumlu bitkilerden tip Ornek
bulunmaktadir.

Apiaceae Lindl. (Maydanozgiller, Kerevizgiller) familyasi ismini Apium L./kerevizden
almistir. Apiaceae familyasi diinyada 500' e yakin cins ve 3 100 kadar tdr ile temsil edilir. Dlinyanin
hemen her yerinde rastlanilan bu familya i{iyelerinden insanlar pek ¢ok alanda yararlanmaktadir.
Petroselinum crispum (Mill.) A.W. Hill. (maydanoz), Daucus carota L. (havug), Apium graveolens L.
(kereviz), Pastinaca sativa L. (yabani havug), Foeniculum vulgare Mill. (rezene), Anethum graveolens
L. (dereotu), Coriandrum sativum L. (kisnis) ve Carum carvi L. (kimyon) gibi tiirleri sebze, sifali
bitki ve baharat olarak kullanilmaktadir. Conium maculatum L. (baldiran) ve Aethusa cynapium L.
(kopek maydanozu) gibi pek ¢ok zehirli tir bulunurken, Eryngium maritimum L. (deniz bogadikeni)
ise afrodizyak ve istah agic1 Ozellikleriyle bilinen, korumaya alinmig tibbi bir bitkidir (Gliner, 2006;
Akgoskun, 2010). Bu tirler iginde 0Ozellikle anason (Pimpinella anisum L.), kimyon (Cuminum
cyminum L.), firenk/karaman kimyonu (Carum carvi L.) kisnis (Coriandrum sativum L.), rezene
(Foeniculum vulgare Mill.) ve dereotu (Anethum graveolens L.) tibbi ve aromatik, deve dikeni
(Eryngium foetidum), sov (Heracleum persicum Desf., H. crenatifolium Boiss.) aromatik bitkiler
kategorisinde olup sahip olduklar1 ugucu yag oranlar1 ve baharat kaynaklar1 olmalarmdan dolayi,
tarimsal ve ekonomik olarak oldukca énemlidirler. Tasidiklar1 ugucu yag, misilaj, zamk veya miisilaj
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karisimlart nedeniyle kendilerine has kokular1 vardir. Bu 6zellikleri nedeniyle, farkli yontemlerle elde
edilen esanslari, 6zellikle hos kokulu olanlari, kozmetik ve parfiim sanayinde kullanilir (Baser, 2010;
Tiirkmen, 2015). Dogu Anadolu’daki taksonlar1 dnemli olgiide gida, gida katki maddesi ve hayvan
yemi olarak, bazilari da cesitli islemlerden gegcirilerek tibbi amacgli olarak insan ve hayvan
hastaliklarinin tedavisinde kullanilmaktadir (Oztiirk ve Ozgelik, 1991; Ozcelik, 1989; 1994; Ozcelik
ve ark., 2016). Prangos Lindl. ve Ferula L. tiirleri Dogu Anadolu’da afrodizyak olarak bilinir ve
stirliyli ¢ogaltmak i¢in hayvanlara yedirilir. Pastinaca sativa var. urens ise bitkide koku pek hos
olmamakla birlikte damitma usuliiyle elde edilen ugucu yagi ¢ok hos kokuludur ve zamanla
kozmetikte aranan bir koku olabilir.

Tiirkiye bitkilerinin 6nemli bir kismini olusturan Apiaceae familyasinin gen merkezi Akdeniz
bolgesi olarak bilinir. Tiirkiye’de son yillarda yerli botanikgiler tarafindan yazilmaya g¢aligilan
‘Resimli Tiirkiye Florast’ isimli bir kiilliyat vardir. Bu eserin yazilmasinda en &nemli hizmeti
herbaryumlar vermektedir. Bu nedenle GUL Herbaryumu’nda bulunan Apiaceae familyasi 6rnekleri
g6zden gecirilip yeniden adlandirilmis ve bu makalede sunulmustur. Konuya ilgi duyanlara bir katki
saglamasi amaglanmaktadir. Ikinci yazar tarafindan hazirlanan ve S. Demirel Univ. Fen Bilimleri
Enstitiisti  tarafindan 02.09.2019 tarihinde kabul edilen ‘GUL Herbaryumu’ndaki Apiaceae
taksonlarmin tanitimi ve ekonomiye kazandirilmasi olanaklarinin arastirilmasi’ baghikl Yiiksek Lisans
tezinin herbaryum ¢alismalarina ait kismi bu makalede yer almaktadir.

2. Materyal ve Yoéntem

Caligmanin materyalini GUL Herbaryumu’nda bulunan 54 cinse ait 128 tir, 19 alttir ve 6
varyete olmak zere toplam 135 taksona ait 626 bitki 6rnegi olusturmaktadir. Bu ornekler ‘Flora of
Turkey and the East Aegean Islands’ (Davis, 1972; 1988) adli eser basta olmak iizere sistematik
kaynaklardan (Glner, 2012; Brummit, 1992; Torlak ve ark., 2010; Guner ve ark., 2000) teshis
edilmistir. Takson kayit bilgileri, lokalite (cografi kare, il; ilge, mevkii), habitat, rakim, toplama tarihi,
herbaryum numarasi (toplayici kayit numarasi) sirasiyla belirtilerek; Flora of Turkey’deki (Davis,
1972, 1988) familya, cins ve tiir numarasi esas alinarak ve sonuna gelis kayit sirasina gore
tarafimizdan verilen numara eklenerek herbaryum demirbas kaydi olusturulmustur.

Veritabani olusturulurken S. Demirel Universitesi’nin veritabaninin kullandig taslak {izerine
Macromedia Dreamweaver 8 programi ile veriler eklenmis ve CuteFTP 8 Professional programi ile
Stileyman Demirel Universitesi’nin internet sitesine bagl http://fef.sdu.edu.tr/biyoloji/gulherbaryumu/
linki {izerinden sisteme yiikleme islemi gerceklestirilmistir (Anonim, 2019; Ozdeniz ve Kurt, 2011).
Caligmalar sirasinda bitki 6rneklerinin yipranmis olan kartonlar, etiketleri yenilenmis, drnekler teshis
ve tamimlamalara uygun olarak siraya dizilmistir. Materyal olarak kullanilmis olan tim bitki
orneklerinin ¢alisma esnasinda zarar gérmemesine dikkat edilerek incelenmis, fotograflari ¢ekildikten
sonra taksonlar listelenip veritabani olusturulmus ve herbaryumda Flora of Turkey and the East
Aegean Islands’a (Davis, 1972; 1988) gore siniflandirilip raflarina yerlestirilmistir. Endemik
taksonlarin belirlenmesi ve tehlike kategorileri Flora of Turkey’den (Davis, 1972; 1988 ve Torlak vd.,
2010; Ekim vd., 2000); cografi yayilislar1 ve yeni kare kayitlar ilgili 6nemli eserlerden (Davis, 1972;
1988 ve Torlak ve ark., 2010; Kutluk ve Aytug, 2004; Colak ve Donner, 2007)’e gore; taksonlar ve
otorleri ise Davis, 1972; 1988 ve Torlak vd., 2010; Giiner, 2012’den yararlanarak yazilmstir.

Metinde sik gecen kelimeler ve isimler kisaltilmistir. Cins isimleri tekrar eden yerlerde bas
harfi ile kisaltilmistir. Bir taksonun arazi kayitlar1 verilirken lokalitelerde tekrarlardan kaginilmstir.
Sadece lokaliteden yapilan toplamalarda sadece farkli bilgilere yer verilmistir.

Arastirmacilar: C.Yarct: Prof.Dr. Celal Yarci, Marmara Universitesi, 1.Uysal: Prof.Dr. Ismet Uysal;
Canakkale 18 Mart Universitesi, Korkmaztiirk: Uzman Biyolog Mahmut Korkmaztiirk, MK: Dog.Dr.
Mustafa Korkmaz, Erzincan Universitesi, Ozcelik: Prof.Dr. Hasan Ozgelik, Siileyman Demirel
Universitesi, SO: Yrd. Dog.Dr. Siikrii Oztiirk, Celal Bayar Universitesi.

Diger kisaltmalar: *: Cografi kare i¢in yeni kayit oldugunu ifade eder. Avr.-Sib. el.: Avrupa-Sibirya
elementi. Ir.-Tur. el.: iran-Turan elementi, Akd. el.: Akdeniz elementi.

A: Asag, B.: Biyuk, C: Cigeklenme ayi/aylari, cf; karsilastir, teshis stipheli, GUL: Suleyman
Demirel Universitesi Fen-Edebiyat Fakiiltesi Biyoloji Boliimii Herbaryumu (uluslararasi koduyla
GUL), m: metre, B: Blyik, D: Dogu, K.: Kiglk, M.P.: Milli Park, T.P.: Tabiat Parki. T.Y./Y:
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Tirkiye’de yayilis alan1 (Davis, 1965’teki kareleme sistemine gore). +: Yeni kare kaydi var, -: Yeni
kare kaydi yok.

3. Bulgular
3.1. Turkiye’de Apiaceae Lindl. familyasinin genel 6zellikleri ve 6nemli yayilis alanlar:

Tiirkiye’de genellikle tek yillik veya ¢ok yillik otsudur. Yapraklari; genellikle pinnat, ternat
sekilde bilesik (nadiren basit, palmat vb.), alternat dizilisli, yaprak sap1 tabanda genislemis (okrea);
stipiilleri de bazen kulak¢iklidir. Cigeklenme durumu; genellikle involukrum brakteleriyle cevrili
bilesik semsiye, bazen kapitulum ya da basit umbella veya tek bir ¢icege indirgenmis, nadiren
dikazyumdur. Cicekleri; kiigiik, iki eseyli, aktinomorf simetrili, epigindir. Periant halkali ve
diklemideik veya kaliksin dokiilmesiyle tek halkali/serilidir. Kaliks; aposepal (ayrik) ve 5 loblu,
indirgenmis ya da yok; Korolla; apopetal ve 5 petalli (nadiren yok), petaller valvat. Stamenler; 5,
dairesel, petallerin karsisinda ve ayrik. Ginekeum; sinkarp, ovaryum alt durumlu, 2 karpelli ve 2 g6zli
(nadiren 0), genellikle stilus tabani stilopodyumludur. Plasentalanma; apikal-eksensel, oviller anatrop,
pendulos (sarkik), tek bélmeli ve her karpelde bir tanedir. Meyva; bélmeler izerindeki karpoforlar
tarafindan desteklenen 2 merikapin olustugu bir sizokarptir. Tohumlar; endospermli ve endospermi
yaghdir. Bazi iiyelerinde ise anormal sekonder kalinlagsma goriiliir. Ayirt edici 6zellikleri: Otsu,
yapraklarin genellikle bilesik, tabanda okreali, ¢igeklerinin genellikle beyaz olusu, ¢igek durumunun
genellikle involukrumlu, bilesik semsiye, ciceklerin aktinomorf simetrili, 2 karpelli ve 2 bdlmeli;
ovaryumun alt durumlu; oviillerin her bir karpelde bir tane ve meyvenin merikarplardan olusan bir
sizokarp olmasiyla ve kokulu olmasiyla diger familyalardan ayirt edilir. Genel ¢igek formiilii Ksjop Csig
As G, ovaryum alt durumlu, cicek aktinonomorf simetrilidir.

Tiirkiye’de bazi alanlar bu familya iiyelerinin yetismesi, farklilasmasi ve yayilmasi i¢in uygun
ortamlar saglar. Bu alanlarin basinda;

Antalya: Akseki-ibradi ormanlari, Murtigi-Derbent bogaz civari,

Isparta-Burdur: Atabey; Kisik Bogazi, Kegiborlu; Senir kasabasi-Burdur Gélii, inar, Karakent,
Cukuroren koyleri tarafi, Davras dagi tist kesimleri, Dedegiil dagi, Aksu; Yaka deresi ve civari,
Uluborlu (Baskdy, Ozbahge kdyii civari),

Erzincan: Kesis dagi, Sakaltutan Gegidi civari,

Van: Erek dagi, Van Dogusu daglar1 (6zellikle Krepit Geg¢idi, Bahcesaray civari), Baset dagi, Cadir
dagi, Ercis; Aladaglar ve Zilan deresi civart.

Agri: Tendirek dagi, Cakmak daglari, Agr1 dag: etekleri,

Bitlis: Nemrut dag1. Pelli dagi,

Ardahan: Yalnizgam dagi, Sahara MP. ve gevresi,

Erzurum: Dumlu daglari, Palandoken daglari.

Bu alanlarin ekolojik 6zelliklerine bakildiginda; ana kayalarinin volkanik ve kiregtas1 agirlikh
oldugu anlagilir. Dogu Anadolu bélgesinin yiiksek rakimli olusuyla soguga direnmek, Akdeniz
bolgesinde ise diislik rakimli olmasina ragmen sicak ve kurak olmasi, kurakliga kars1 su kaybetme
riskine kars1 yag sentezinin arttig1, bu nedenle alanda yayilista avantaj kazandig diisliniilmektedir. Bu
alanlardaki kayacin mineral yapisina bakildiginda kiikiirt agirlikli oldugu, volkanik arazi olusu
sebebiyle depremlerin ¢ok oldugu alanlar oldugu goéruliir. Daha fazla yorum yapmak icin bu konunun
daha iyi calisilmasi gerekir.

3.2. GUL Herbaryumu'ndaki Apiaceae (Umbelliferae) taksonlarmmin arazi kayitlar1 ve
Tiirkiye'deki yayilis alanlar::

Astrantia maxima Pallas subsp. haradjianii (Grintz.) Rech. fil.: C3 Isparta: Siitciiler ilgesi yakinlari, orman igleri, 1000 m,
26.05.1996, GUL 63.3.1.2.1 (MK. 223); Yenisarbademli ilgesi-Yaka koyii arasi, orman parki civari, 1500 m, 06.07.1995, GUL 63.3.1.2.2
(SO. 358); Aksu ilgesi, Yaka deresi kenarlari, 1300 m, 28.07.1994, GUL 63.3.1.2.3 (SO. 673); Anamas dag1, 1500 m, 10.08.1994, GUL
63.3.1.2.4 (Ozgelik 6723); Dedegiil dagi, Pmargozii mevkii, dere yatagi, 1540 m, 02.10.2014, GUL 63.3.1.2.5 (Ozgelik 15025); GUL
63.3.1.2.6 (Ozcelik 15086). C: 6-7. Endemik. Avr.-Sib. el. T.Y.: A2,A3,A4,A5,A6; B2,B3,B5,86,87; C3,C5,C6.
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Actinolema macrolema Boiss.: C3 Isparta: Sitguler ilcesi, Gelinyudan yakinlari, 1000 m, 26.05.1996, GUL 63.4.1.1 (MK. 189);
Candir- Miiezzinler kdyleri arast, 900 m, 26.05.1996 (MK. 203). C: 5-6. Ir.-Tur. el. T.Y.: A4,A6; B2,B4,B5,86,87,B8; C3,C4,C6,C7,C8. A.
eryngioides Fenzl: C3 Isparta: Siitgiiler ilgesi, Sagrak koyi ¢ikist, Yenikoy yol ayrimi, 1000 m, 19.05.1996, GUL 63.4.2.1(MK. 130). C: 5-6.
Ir.-Tur. el. T.Y.: B7,B8; C3*,C6,C7,C8.

Eryngium thorifolium Boiss.: C3 Isparta: Aksu ilgesi, yol kenar1, 12.03.1995, GUL 63.5.2.1(SO. 286); Siitciiler ilgesi, Cobanisa
yaylasi, 1400-1700 m, 16.07.1996, GUL 63.5.2.2 (MK. 415); Egirdir ilgesi, Kovada gélii civari, 250 m, 15.07.2000, GUL 63.5.2.3 (Ozgelik
8931); Sarkikaraagag ilgesi, Kizildag Milli Park, dag etekleri, 1316 m, 08.10.2014, GUL 63.5.2.4 (Ozgelik 15360). C: 7. Serpantin kayalari
tercih eder. Akd. el. T.Y.: C2,C3. E. falcatum Delar: C3 Antalya: Akseki ilgesi, Erenyaka koyi, 1500 m, 29.08.1994, GUL 63.5.6.1(Ozcelik
6904); Isparta-Antalya karayolu 30. km, 400 m, 09.10.2014, GUL 63.5.6.2 (Ozgelik 14998); Uluborlu ilgesi, Kapidag, 975 m, 09.10.2014,
GUL 63.5.6.3 (Ozgelik 15231); Siitciiler ilgesi, Candir kdyii, 327 m, 09.10.2014, GUL 63.5.6.4 (Ozgelik 15336). C: 7-9. Akd. el. T.Y.:
C3,C5,C6. E. creticum Lam.: C3 Isparta: Siitciiler ilgesi, Candir, A. Gokdere koyii, 342 m, 08.10.2014, GUL 63.5.9.1 (Ozgelik 14991);
63.5.9.3 (Ozgelik 15214); Isparta-Antalya karayolu 30. km, 416 m, 08.10.2014, GUL 63.5.9.2 (Ozgelik 15165); Siitciiler ilgesi, Candir kdyii,
273 m, 08.10.2014, GUL 63.5.9.4 (Ozgelik 15217). G: 7-8(-9). Akd. el. T.Y.: A1,A2,A3,A4,A5 A6,A7; B1; C2,C3,C5,C7,C8,C9. E. palmito
Boiss. & Heldr.: C3 Isparta: Aksu ilgesi, Yaka deresi giiney kesimi, 1400-1500 m, 28.09.1995, GUL 63.5.12.1, (SO. 718). Sadece C3
karesinde Egirdir ve Kovada Golii’niin mikroklimatik etkisinde kalan bir alanda yetisir. C: 8. Lokal Endemik. Akd. el. Y.: C3. E. bourgatii
Gouan subsp. heldreichii (Boiss.) P.H. Davis: C3 Isparta: Egirdir ilgesi, Cam dag: (Barla dagi), 1500 m, 17.07.1994, GUL 63.5.16.1.1
(Ozgelik 6798); Dedegiil dag1, 2400-2800 m, GUL 63.5.16.1.2 (Ozgelik 7139). Dar yayilish bir takson olup Giiney Anadolu’da C2, C3 ve
C4’te yayilis gostermektedir. C: 7-8. D. Akd. dag el. T.Y.: C2,C3,C4. Sadece Goller Yoresi’'nde yayilig gosterir. E. billardierei F.Delaroche:
C3 Isparta: Sarkikaraagag ilge merkezi, tarla kenarlari, 948 m, 08.10.2014, GUL 63.5.17.1 (Ozgelik 14917); 1128 m, GUL 63.5.17.2,
(Ozgelik 14925); Yenisarbademli ilgesi, Keykubat Tiirbesi civari, 1148 m, 08.10.2014, GUL 63.5.17.2 (Ozgelik 15153). C: 7-8. T.Y.: A7,
A9, B7; B8, B9; C3*, C6, C9. E. campestre L. var. virens Link: B9 Van: Van Kalesi civarl, antropojenik step, 1700 m, 01.07.1985, GUL
63.5.19.2.1 (Ozgelik 119), G: 5-6. T.Y.: A1,A2,A3,A5, A7; B1,B2, B3, B4, B5, B7,88,B9*; C3,C4, C5,C6,C7,C8.

Lagoecia cuminoides L.: C3 Isparta: Yenisarbademli ilcesi, Piargdzii mevkii, 1540 m, 13.10.2014, GUL 63.6.1.1 (Ozgelik
15270); Siitiiler ilgesi, Candir kdyi, 583 m, 13.10.2014, GUL 63.6.1.2 (Ozgelik 15081). C: 4-6. Akd. el. T.Y.: A1,A2; B1;
Cl1,C2,C3%*,C5,C6,C7,C8,C9. Bat1 ve Giiney Anadolu’da yayilis gosterir.

Echinophora tournefortii Jaub. & Spach.: C3 Isparta: Siitgiiler ilgesi, Gelinyudan yakinlari, 1000 m, 26.05.1996, GUL 63.7.2.1
(MK.186); Sitciiler ilgesi, Sigirlik koyii ¢ikisi, 1050 m, 26.05.1996, GUL 63.7.2.2 (MK. 239); Saricigek Yaylasi, 1500-1800 m, 16.07.1996,
GUL 63.7.2.3 (MK. 394); Burdur: Tefenni ilgesi, Rahat dag1, 1400 m, 08.10.2014, GUL 63.7.2.4 (Ozgelik 15195); Yesilova ilgesi, Salda
Golii civari, 1149 m, 08.10.2014, GUL 63.7.2.5(Ozgelik 15208). C: 7-9. Ir.-Tur. el. T.Y.: A4; B3,B4; C2,C3*,C4. E. orientalis Hedge &
Lamond: B9 Van: Merkez ilge, Tarim Meslek Lisesi civari, 1700 m, 20.09.1986, GUL 63.7.3.1 (Ozgelik 91); GUL 63.7.3.2, (Ozgelik 1240);
GUL 63.7.3.3, (Ozgelik 2595); C3 Burdur: Yesilova ilgesi, ormanlik alanlar, 857 m, 07.10.2014, GUL 63.7.3.4 (Ozgelik 15065); orman
icleri, 914 m, 08.10.2014, GUL 63.7.3.5(0zgelik 15206). C: 7-9. Ir.-Tur. el. T.Y.: A9, B9, C3* E. trichophylla J.E. Smith: C3 Isparta: Egirdir
ilcesi, bat1 kesimler, 931 m, 08.10.2014, GUL 63.7.4.1 (Ozgelik 15296); Gelendost ilgesi, Gol kenar1, 983 m, 08.10.2014, GUL 63.7.4.2
(Ozgelik 15297). C: 6-7. Endemik. Akd. el. T.Y.: A3; B1; C3* E. tenuifolia L.: C3 Isparta: Yenisarbademli ilgesi, Dedegiil dagi, 1540 m.,
08.10.2014, GUL 63.7.5.2 (Ozgelik 15212); Burdur: Tefenni ilgesi, Rahat dag: giiney yamaglari, 1750 m, 08.10.2014, GUL 63.7.5.1 (Ozgelik
15203). Tur seviyesinde teshis edilebilmistir. E. tenuifolia L. subsp. sibthorpiana (Guss.) Tutin: C3 Isparta: Sarkikaraagag ilgesi, yol
kenarlari, 948 m, 08.10.2014, GUL 63.7.5.1.1 (Ozgelik 14918). C: 8-9. T.Y.: A1,A2, A3,A4,A5A6; B5B8,B9; C1,C3* C4,C6. Cinsin
Turkiye genelinde dagilisi olmakla birlikte Dogu Anadolu ve Géller yoresinde agirliktadir. Bozkir, Hadim, Taskent, Ermenek arasinda cinsin
bazi tiirlerinin popiilasyonlarmin iyi gelistigi dikkati ¢eker. Mikroklima bu dagilista etkilidir.

Myrrhoides nodosa (L.) Cannon: C3 Isparta: Egirdir ilgesi, Prostanna antik kenti mevkii, 1246 m, 13.10.2014, GUL 63.8.1.2,
(Ozgelik 15044); Aksu ilgesi, Sofular koyu, 1265 m, 13.10.2014, GUL 63.8.1.3 (Ozgelik 15224). C3 Burdur: Bucak ilgesi, kayalik alanlar,
795 m, 13.10.2014, GUL 63.8.1.1 (Ozcelik 15041). C: 5-6. T.Y.: A1,A2,A4, A8; B1,B7,B8; C1,C2,C3*,C4,C5,C6,C8.

Chaerophyllum byzantinum Boiss.: C3 Isparta: Egirdir ilgesi, Barla, Cam dag1, 1538 m, 06.10.2014, GUL 63.10.1.1 (Ozgelik
14907); GUL 63.10.1.2 (Ozgelik 15056); Yenisarbademli ilcesi, Dedegiil dagi, Pmargézii mevkii, 1476 m, 06.10.2014, GUL 63.10.1.3
(Ozgelik 15089); Yenisarbademli ilgesi, orman ve yamag alanlar, 1535 m, 06.10.2014, GUL 63.10.1.4 (Ozgelik 15354); 1476 m, 06.10.2014,
GUL 63.10.1.5 (Ozgelik 15441). G: 5-7(-9). T.Y.: A1,A2,A3,A4,A6; B1, C3*. C. aureum L.: C3 Isparta: Yenisarbademli ilgesi, Pinargézii
mevkii, 1400 m, 06.10.2014, GUL 63.10.6.1 (Ozgelik 15351); Siitgiiler ilgesi, Candir kyii, 1420 m, 06.10.2014, GUL 63.10.6.2 (Ozgelik
15442). C: 6-8. T.Y.: A1,A4,A5A6,A6,A7,A8A9; B7; C3*. Avr.-Sib. el. C. bulbosum L.: B9 Van: Van Kalesi, nemli yerler, 1720 m,
12.05.1987, GUL 63.10.7.1 (Ozgelik 1943). C: 6-7. T.Y.: A1,A3,A8,A9; B8,B9*. C. crinitum Boiss.: B9 Van: Van Kalesi, cayirliklar, 1730
m, 01.07.1985, GUL 63.10.10.1 (Ozgelik 74); Erek dagi, step alanlar, 2300 m, 14.06.1986, GUL 63.10.10.2, GUL (Ozgelik 228); Van
Kalesi, cayirlik, 1730 m, 12.06.1985, GUL (Ozgelik 2330). C: 5-6. T.Y.: A9; B6,B7,B8,B9*; C5,C9,C10.C. leucolaenum Boiss.: C3 Isparta:
Candir'dan Siitgiiler'e 15 km kala, 1400 m, 01.09.1996, GUL 63.10.12.1 (Ozgelik 7605); Egirdir ilcesi, Barla dagi, 1750-2000 m,
02.09.1996, GUL 63.10.12.2 (Ozgelik 7655). C: 8. Endemik. T.Y.: B8; C3*,C9.

Grammosciadium pterocarpum Boiss.: B9 Van: Erek dagi, vadi igleri, 2300-2800 m, 14.06.1986, GUL 63.11.5.1 (Ozgelik 187);
GUL 63.1.5.3, (Ozgelik 1906); Erek dagi, bati yamaglari, 2800 m, 19.07.1986, GUL 63.11.5.2 (Ozgelik 910). C: 6-7. Ir.-Tur. el. T.Y.:
A7,A8,A9; B5,B7,B8,B9*; C5,C6.

Anthriscus nemorosa (Bieb.) Sprengel: B8 Erzurum: Horasan- Kars yolu, 2200 m, 23.07.1993, GUL 63.12.1.2 (Ozgelik 6222).
B8 Bayburt: Askale-Bayburt arasi, Kop kéyii {izeri, 2300 m, 23.07.1993 (Ozgelik 6238). B9 Van: Van Kalesi yakinlari, nemli yerler, 1720 m,
GUL 63.12.1.1 (Ozgelik 20). C3 Isparta: Merkez ilge, Dere mahallesi, 1018 m, 01.10.2014, GUL 63.12.1.4 (Ozgelik 15043); Egirdir ilgesi,
Barla Cam dag1, 1450 m, 01.10.2014, GUL 63.12.1.5 (Ozgelik 15060); Yenisarbademli ilgesi, Dedegul dagi, 1426 m, 01.10.2014, GUL
63.12.1.6 (Ozgelik 15090). C3 Burdur: Merkez ilge, gélgeli ve nemli alanlar, 1070 m, 06.07.2015, GUL 63.12.1.7 (Ozgelik 15421). C: 4-8.
T.Y.: A2,A3,A4,A5A7,A9; B1,B2,B4,B5B7,B8* C2,C3*,C4,C5,C6,C9,C10. Yiksek rakimli nemli alanlarda yayilis gosterir. A. sylvestris
(L.) Hoffm.: B9 Van: Van Kalesi yaknlari, ¢ayirhik alanlar, 1720 m, 01.07.1985, GUL 63.12.2.1 (Ozgelik 74). C: 7-9. T.Y.: A9; B9* A.
lamprocarpa Boiss.: C3 Isparta: Yenisarbademli ilgesi, Dedegiil dag1 kuzey yamaglari, 1507 m, 01.10.2014, GUL 63.12.3.1 (Ozgelik 15033);
Yenisarbademli ilgesi, Pinargozii' ne 3 km kala, 1632 m, 01.10.2014, GUL 63.12.3.2 (Ozgelik 15084); Merkez ilge, dere yataklari, 1070 m,
01.10.2014, GUL 63.12.3.3 (Ozgelik 15251). C: 3-5. T.Y.: C3*,C5,C6. A. cerefolium (L.) Hoffm.: C3 Isparta: Merkez ilge, Dere mahallesi,
1243 m, 01.10.2014, GUL 63.12.4.1(Ozgelik 14901); Dere mahallesi- Aglasun yolu, 1018 m, 01.10.2014, GUL 63.12.4.2 (Ozgelik 14934);
Egirdir ilgesi, Prostanna Antik kenti yakinlari, 1100 m, 01.10.2014, GUL 63.12.4.3 (Ozgelik 15046); Aksu ilgesi, orman alt1 alanlar, 1100 m,
01.10.2014, GUL 63.12.4.4 (Ozgelik 15221); Uluborlu ilgesi, orman alt1 alanlar1, 1053 m, 01.10.2014, GUL 63.12.4.5 (Ozcelik 15222). C3
Burdur: Bucak ilgesi, Antalya yolu 10 km, 1222 m, 01.10.2014, GUL 63.12.4.6 (Ozcelik 15286). C: 5-6. T.Y.: Al,A2,A4,A5AG6;
C3*,C8,C9. A. caucalis Bieb.: C3 Isparta: Aksu ilgesi, Sofular koyi, 1350 m, 01.10.2014, GUL 63.12.5.1 (Ozgelik 15123). C: 5-6. T.Y.:
Al,A2,A3,A5; B3,C3*, C5,C6.

Scandix stellata Banks & Sol.: C3 Isparta: Uluborlu ilgesi, Baskdy civari, 1239 m, 06.10.2014, GUL 63.13.1.1 (Ozgelik 15260);
Isparta-Antalya karayolu, 800 m, 06.10.2014, GUL 63.13.1.2 (Ozgelik 15407). C: 4-6. T.Y.. Al,A5A7,A9; B2,B3,B4,B5B7,BS;
C3*,C4,C5,C6. S. iberica Bieb.: B9 Van: Erek dag1, dogu yamaci, 2500 m, 31.05.1986, GUL 63.13.3.3 (Ozgelik 730); Kevenli kéyii civari,
1800 m, 01.07.1986, GUL 63.13.3.4 (Ozgelik 1319). C3 Isparta: Atabey ilgesi, tarla kenarlari, 995 m, 15.10.2014, GUL 63.13.3.8 (Ozgelik
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15170). C3 Burdur: Yesilova ilgesi, Alan kdyii civari, 1048 m, 06.10.2014, GUL 63.13.3.5 (Ozgelik 14947); GUL 63.13.3.6 (Ozgelik
14948); Tefenni ilge merkezi, tarla kenarlari, 1002 m, 06.10.2014, GUL 63.13.3.7 (Ozgelik 15125); Tefenni - Karamanli karayolu, tarla
kenarlari, 1002 m, 06.10.2014, GUL 63.13.3.9 (Ozgelik 15183); Yesilova ilgesi, Salda Golii civari, 1165 m, 06.10.2014, GUL 63.13.3.10
(Ozgelik 15403). C: 4-7. T.Y.. A2,A4,A5A7,A8A9; B1,B2,B3,B4,B5B6,B7,B8,B9*; C3*C4,C5,C6,C7,C8. S. pecten-veneris L.. Al
Canakkale: Eceabat ilgesi, 12.05.1996, GUL 63.13.4.4 (I Uysal 1126, 999). B9 Van: Erek dagi, step ve tarla kenarlari, 1800 m, GUL
63.13.4.3.3 (Ozgelik 585). C3 Isparta: Siitiiler ilgesi, Candir, 900 m, 07.04.1996, GUL 63.13.4.1 (MK.3). C: 3-6. T.Y.. Al%
A2,A4,A6,A7,A8,A9; B1,B2,B4,B5,B9*; C2,C3*,C5,C6. S. australis L. subsp. grandiflora (L.) Thell.: C3 Isparta: Egirdir ilgesi, 15. km, 797
m, 06.10.2014, GUL 63.13.7.2.4 (Ozgelik 15288); Merkez ilge, Sav kasabasi, 920 m, 06.10.2014, GUL 63.13.7.2.5 (Ozgelik 15268). C3
Burdur: Bucak ilgesi, yamag alanlar, 797 m, 06.10.2014, GUL 63.13.7.2.2 (Ozgelik 15080); Yesilova ilcesi, Ak¢akdy, 1144 m, 06.10.2014,
GUL 63.13.7.2.3 (Ozgelik 15220). C: 3-6. T.Y.: A1,A2; B1,B3,B4,B5; C2,C3*,C4,C5,C7. S. turgida (Boiss. & Bal.) Boiss.: C3 Isparta:
Merkez ilge, Ayazmana mesireligi civari, 1165 m, 06.10.2014, GUL 63.13.8.2 (Ozgelik 15104); Aksu ilgesi, Kogular kéyii civari, 1300 m.,
28.03.1994, GUL 63.13.8.1(S.0: 30); C: 4-5. T.Y.: C3*,C4. Yayilis1 sadece Mersinden bilinmekteydi. Nadir bir tiirdir.

Coriandrum sativum L.: C3 Isparta: Sarkikaraagag ilge merkezi, tarla kenarlari, 1128 m, 06.10.2014, GUL 63.14.1.3, (Ozgelik
14920). C3 Burdur: Tefenni ilgesi, Karamanli ¢ikis1 tarla kenarlari, 1135 m, 06.10.2014, GUL 63.14.1.4 (Ozgelik 15009); 1108 m,
06.10.2014, GUL 63.14.1.10 (Ozgelik 15304); Karamanli yol ayrimi, 810 m, 06.10.2014, GUL 63.14.1.6 (Ozgelik 15135); 06.10.2014, GUL
63.14.1.9, (15302); tarla kenarlar1, 1108 m, 06.10.2014, GUL 63.14.1.5 (Ozgelik 15011); Tefenni ilgesi, Karamanli-Fethiye yol ayrimi, 1108
m, 06.10.2014, GUL 63.14.1.7 (Ozgelik 15136); Dogan Baba Yaylasi, tarla kenarlari, 1416 m, 06.10.2014, GUL 63.14.1.8 (Ozgelik 15194).
B9 Van: Van Kalesi civari, nemli yerler, 1700 m, 10.5.1986, GUL 63.14.1.1 (104), 1720 m, 2.5.1987, GUL 63.14.1.2 (Ozcelik1963). C: 5-6.
Ir.-Tur. el. T.Y.: AL A2; B4,B9*; C3,C6,C7,C9. C. tordylium (Fenzl) Bornm.: C3 Burdur: Yesilova ilgesi, Orhanli koyii, 1140 m,
06.10.2014, GUL 63.14.2.1 (Ozgelik 14950); GUL 63.14.2.3, (15410); Sultanpinar1 mevkii, 1179 m, 06.10.2014, GUL 63.14.2.2 (Ozgelik
14957). C: 6. T.Y.: B4,B7,B8; C3*,C6,C7,C8.

Bifora radians M.Bieb.: C3 Isparta: Sarkikaraagac ilgesi, yol kenarlari, 1128 m, 02.10.2014, GUL 63.16.2.1 (Ozgelik 14919);
Kegiborlu ilgesi, Aydogmus kdyii, 1020 m, 02.10.2014, GUL 63.16.2.4 (Ozgelik 15223); Isparta ilce, yol kenarlari, 945 m, 02.10.2014, GUL
63.16.2.5 (Ozgelik 15282). C3 Burdur: Yesilova ilgesi, Doganbaba yaylasi, 1416 m, 02.10.2014, GUL 63.16.2.2 (Ozgelik 14951); Camlik
kasabas1, yol kenarlari, 657 m, 02.10.2014, GUL 63.16.2.3 (Ozgelik 15105).C: 4-8. T.Y.: A1,A2,A3,A4,A5 A6,A7,A8,A9; B2,B3,B4,B7,B9;
C3*;C4,C5. Tirkiye’de yaygin bir tiirdiir. Bazi tiplerinin ¢ok keskin ve biktirict bir aromasi vardir. Géller Yéresi’nde ozellikle Yalvag ve
Tefenni civarinda ekin tarlasi kenarlarinda bol yayilig gosterir.

Smyrnium olusatrum L.: C3 Isparta: Egirdir ilgesi, Barla dag1, 1789 m, 13.10.2014, GUL 63.18.1.1 (Ozgelik 15061). C: 3-5. T.Y.:
Al,A2,A7; B2,B3*,B5. S. connatum Boiss. & Kotschy: C3 Isparta: Egirdir ilge merkezi, tepelik alanlar, 946 m, 13.10.2014, GUL 63.18.5.4
(Ozgelik 15144). C3 Burdur: Yesilova ilgesi, Burdur'dan 20 km, 914 m, 13.10.2014, GUL 63.18.5.1 (Ozgelik 14910); Cavdir ilcesi, Rahat
dag1, 1800 m, 13.10.2014, GUL 63.18.5.2 (Ozgelik 15204); Yesilova ilgesi, nemli ve golgeli alanlar, 914 m, 13.10.2014, GUL 63.18.5.3
(Ozgelik 15063). C: 3-6. Akd. el. T.Y.: C2,C3*,C4,C6.

Bunium paucifolium DC. var. paucifolium: B9 Van: Van kalesi civarlari, tarla kenarlari, 1700 m, 12.06.1991, GUL
63.20.1.3.1(Ozgelik 112); 11.05.1986, GUL 63.20.1.3.2 (Ozgelik 1699). C3 Isparta: Merkez ilge, Gokcay mesirelik alan Ustleri, 1280 m,
03.10.2014, GUL 63.20.1.3.3 (Ozgelik 15267). C: 6-7. Ir.-Tur. el. T.Y.: A7,A9; B6,B7,B8,B9; C3*,C5,C7,C8,C9. B. microcarpum (Boiss.)
Freyn subsp. microcarpum: C3 Isparta: Siitgiiler ilgesi, Sigirhk koyi, 1100 m, 07.05.1996, GUL 63.20.4.3.1 (MK. 69); GUL 63.20.4.3.2
(MK. 237 ); GUL 63.20.4.3.3 (MK. 715). C: 5-7. T.Y.: B6; C2,C3*,C4,C5,C6,C8. B. microcarpum (Boiss.) Freyn & Bornm. ex Freyn subsp.
bourgaei (Boiss.) Hedge & Lamond: B8 Erzurum: Dumlu daglari, step alanlar, 1800 m, 22.07.1993, GUL 63.20.4.2.1 (Ozgelik 6191). C: 6-
7. T.Y.: A3,A4,A5,A7,A8,A9; B7,B8* Ir.-Tur. el. ? B. ferulaceum Sibth. & Sm.: C3 Burdur: Aglasun ilgesi, Kéroglu beli, 1008 m,
03.10.2014, GUL 63.20.5.1 (Ozgelik 14939). C: 5-6. Akd. el. T.Y.: A2; B1,B2; C2,C3*,C4,C5,C6. B. pestalozzae Boiss.: C3 Isparta:
Yenisarbademli ilgesi, Dedegiil dagimin iist kistmlari, 2400- 2800 m, 18.07.1993, GUL 63.20.6.2 (Ozgelik 7106). C: 6-7. D.Akd. el. T.Y.:
C2,C3*,C5.

Carum carvi L.: B9 Van: B. Erek dagi, bati yamaglari, 3100 m, 19.07.1986, GUL 63.21.1.1 (Ozgelik 573); GUL 63.21.1.2
(Ozgelik 987); Van Kalesi civari, nemli yerler, 1720 m, 12.06.1987, GUL 63.21.1.3 (Ozgelik 1961). C: 5-7. T.Y.: A7,A8,A9; B8,B9; C5.
Yabani bir tiirdiir. Ancak kimyona benzer bir aromasi vardir.

Huetia cynapioides (Guss.) P.W.Ball subsp. macrocarpa (Boiss. & Spruner) P.W. Ball: C3 Isparta: Egirdir ilgesi, Barla, Cam
dag1, 948 m, 06.10.2014, GUL 63.22.1.1 (Ozgelik 15015). C: 4-5. T.Y.: B1; C2,C3.

Pimpinella anisum L.: C3 Burdur: Yesilova ilgesi, Orhanli K&yii, 1140 m, 15.10.2014, GUL 63.26.5.1 (Ozgelik 14949); Derekdy-
Bayindir kdyleri arasi, 1013 m, 15.10.2014, GUL 63.26.5.2 (Ozgelik 15066); Tefenni-Karamanli ilgesi, yol ayrimi, 1108 m, 15.10.2014,
GUL 63.26.5.3 (Ozgelik 15209); 1400 m, 15.10.2014, GUL 63.26.5.4 (Ozgelik 15301). C: 5-6. T.Y.: A2; C2,C3*,C8. Goller Yoresi’nde
6zellikle Burdur ilinde tarimi yapilmaktadir. P. peregrina L.: C3 Isparta: Egirdir- Gelendost ilgeleri arasi, 983 m, 15.10.2014, GUL 63.26.9.4
(Ozgelik 15149); Yenisarbademli ilgesi, Dedegil dagi, 1186 m, 15.10.2014, GUL 63.26.9.5 (Ozgelik 15164); Isparta-Antalya karayolu,
Elsaz1 kéyii civari, 362 m, 15.10.2015, GUL 63.26.9.6 (Ozgelik 15323); Egirdir ilgesi, A.Gokdere kdyi, 342 m, 15.10.2015, GUL 63.26.9.7
(Ozgelik 15331). C3 Burdur: Bucak ilgesi, kurak tepelik alanlar, 990 m, 15.10.2014, GUL 63.26.9.2 (Ozgelik 14911); Bucak ilgesi, kurak
tepelik alanlar, 990 m, 63.26.9.3 (Ozcelik 15036). C. 6-7. T.Y.: A2,A5A7,A8; B1,B9; C3,C5,C9. P. cappadocica Boiss. & Bal. var.
cappadocica: C3 Isparta: Egirdir ilgesi, Barla dag1, 2000 m, 02.09.1996, GUL 63.26.13.3.1 (Ozgelik 7632). Endemik. Ir.-Tur. el. C: 6-8.
Endemik. Ir.-Tur. el. T.Y.: A4,A5,A6; B4,B5,B6,B7,B8; C3*,C4,C5. Tiiriin teshisi mevcut anahtarlarla ¢ok zordur. P. cf. aromatica M. Bieb.
Van, Erek Dag1 (Ozgelik 314, ve Ercis Zilan deresi, Aladaglar civan Ozgelik 2582 GUL Herb.). Erzurum taraftan kaydi vardir. Teshisi
problemlidir. P. oliveroides ile karigir. P. corymbosa Boiss.: B8 Erzurum: Oltu-Dumlu ilgeleri arasi, 1600 m, 08.08.1993, GUL 63.26.14.4
(Ozgelik 6427). C: 5-8. T.Y.: A4,A7,A8; B7,B8,B9*; C4,C5,6,C7. P. oliveroides Boiss. & Hausskn.: C3 Isparta: Sav kasabasi, yol
kenarlar, 997 m, 15.10.2014, GUL 63.26.16.4 (Ozgelik 15273). C3 Burdur: Bucak ilgesi, tepelik alanlar, 797 m, 15.10.2014, GUL
63.26.16.2 (Ozgelik 15075); Bucak ilgesi, tepelik alanlar, 797 m, 15.10.2014, GUL 63.26.16.3 (Ozgelik 15265). C: 6-7. T.Y.: A4; B4,B6;
C3*,C5. P. anthriscoides Boiss. var. anthriscoides: C3 Isparta: Isparta-Antalya karayolu, yol kenarlari, 464 m, 15.10.2015, GUL 63.26.22.1
(Ozgelik 15349). C: 6-8. T.Y.: A7; B6,B7,B9; C3*,C6,C9. P. peucedanifolia Fischer ex Ledeb.: B9 Van: Erek dag: etekleri, kaya yiizeyi,
2600 m, 28.06.1986, GUL 63.26.23.1 (Ozgelik 354); Erek dag: tepesinden vadiye kadar, 2400 m, 19.07.1986, GUL 63.26.23.2 (Ozgelik
796); Erek dagi, ¢ayirlik alanlar, 2100 m, 12.06.1987, GUL 63.26.23.3 (Ozgelik 1905). C: 6-8. Ir.-Tur el., T.Y.: A9; B7,B8,B9; C9.

Seseli gummiferum Pallas ex Smith subsp. corymbosum (Boiss. & Heldr.) Davis: C3 Isparta: Aksu ilgesi, Yaka Deresi, 1253 m,
16.10.2015, GUL 63.31.3.1.1 (Ozgelik 15256); Egirdir ilgesi, Kovada Gélii civari, 1001 m, 16.10.2015, GUL 63.31.3.1.2 (Ozgelik 15326-b);
GUL 63.31.3.1.3 (Ozgelik 15329). C: 7-9. Endemik. Akd. el. T.Y.: C3,C5. Bu tiir, gézlemlerimize gore; sadece Isparta Aksu tarafinda dere
yakinindaki kiregtagi kayaliklarinda yetismektedir. Cigek agma zamami geg oldugundan ergin tohum olugturamamakta, bu yiizden endemik
olmaktadir. Kuvvetli aromatiktir. S. peucedanoides (Bieb.) Koso-Pol.: C3 Isparta: Uluborlu ilgesi, kiregtas: kayaliklari, 1185 m, 16.10.2014,
GUL 63.31.5.1 (Ozgelik 14985); Egirdir ilgesi, Barla kasabas1, Cam dag1 yolu, 948 m, 16.10.2014, GUL 63.31.5.2 (Ozgelik 15052); Egirdir
ilgesi, Barla ilgesi kirectast kayaliklari, 1195 m, 16.10.2014, GUL 63.31.5.3 (Ozgelik 15054); Aksu ilgesi, Cayir yaylasi, 485 m, 16.10.2014,
GUL 63.31.5.4 (Ozgelik 15257). C: 6-8. Avr.- Sib. el. T.Y.: A2,A4,A5 A7 A9; B1,B2, B5B6,B8,B9; C3*. Cinsin genel yayilisinda Sultan
daglari, Bozkir, Hadim, Ermenek, 6zellikle Tagkent dere yataklari ve ¢evresindeki kayalar onemli habitatlardir.
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Oenanthe aquatica (L.) C3 Isparta: Egirdir ilgesi, Prostanna antik kenti civari, 1246 m, 06.10.2014, GUL 63.32.6.2 (Ozgelik
15045). C3 Burdur: Tefenni ilgesi, sulak alanlar, 1119 m, 06.10.2014, GUL 63.32.6.1 (Ozcelik 14969); Aksu ilgesi, sulak alanlar, 1187 m,
06.10.2014, GUL 63.32.6.3 (Ozgelik 15047); Yenisarbademli ilgesi, Dedegiil dag1, dere yatagi, 1175 m, 06.10.2014, GUL 63.32.6.4 (Ozgelik
15094); GUL 63.32.6.5 (Ozgelik 15103). C: 5-8. T.Y.: AL,A2; B4; C3*,C6.

Foeniculum vulgare Miller: C3 Isparta: Atabey ilgesi, yol kenarlari, 1491 m, 09.10.2014, GUL 63.34.1.2 (Ozgelik 15006);
Yenisarbademli ilgesi, Dedegiil dag, 1544 m, 09.10.2014, GUL 63.34.1.4 (Ozgelik 15021); Yenisarbademli ilge merkezi, yol kenarlari, 1166
m, 09.10.2014, GUL 63.34.1.5 (Ozgcelik 15093); Egirdir ilge merkezi, yol kenarlari, 997 m, 09.10.2014, GUL 63.34.1.6 (Ozgelik 15119);
Egirdir- Aksu ilgeleri arasi, koprii kenari, 1207 m., 09.10.2014, GUL 63.34.1.7, (Ozgelik 15120); Siitculer- Egirdir ilgeleri arasi, yol
kenarlari, 342 m, 09.10.2014, GUL 63.34.1.8 (Ozgelik 15121). C3 Antalya: Akseki ilge merkezi, tarla kenar1, 1200 m, 25. 8. 1986, GUL
63.34.1.1 (Ozgelik 1178). C3 Burdur: Tefenni ilgesi, yol kenarlari, 1100 m, 09.10.2014, GUL 63.34.1.3 (Ozgelik 15010); GUL 63.34.1.9
(Ozgelik 15137); Rahat dagi, Karamanli'ya 5 km, 1068 m, 09.10.2014, GUL 63.34.1.10 (Ozgelik 15193); Cavdr ilgesi, yol kenarlari, 1491
m, 09.10.2014, GUL 63.34.1.11 (Ozgelik 15211). C: 5-9. T.Y.: A1,A2,A3,A4,A5,A6,A7; Bl, C3* C6. Yaygm olarak kiiltiirii yapilan bir
tiirdiir. Tek yillik kiiltiir formlari vardir. Yabani formlar1 Ege ve Goller ydresinde bol olarak yetisir ve gok yillik, iri ciisselidir.

Anethum graveolens L.: C3 Isparta: Siitgiiler ilgesi, Candir kdyii, 273 m, 01.10.2014, GUL 63.35.1.3 (Ozgelik 14993); Yalvag ilce
merkezi, yol kenarlari, 986 m, 01.10.2014, GUL 63.35.1.5 (Ozgelik 15037); Siitciiler ilgesi civari, 965 m, 01.10.2014, GUL
63.35.1.7(Ozgelik 15122). C3 Burdur: Yesilova ilgesi, Doganbaba yaylasi, 1416 m, 01.10.2014, GUL 63.35.1.1 (Ozgelik 14953); Yesilova
ilgesi, Sultanpimar1 mevkii, 1179 m, 01.10.2014, GUL 63.35.1.2 (Ozgelik 14955); Merkez ilge, Gelincik koyii, 900 m, 01.10.2014, GUL
63.35.1.4 (Ozgelik 15007); Cavdir ilgesi, Golhisar karayolu, 992 m, 01.10.2014, GUL 63.35.1.6 (Ozgelik 15038); Tefenni ilgesi, yol
kenarlar1, 992 m, 01.10.2014, GUL 63.35.1.8 (Ozgelik 15139). C: 6-7. T.Y.: A1,A2,A4; C3*. Bitki dogal tiir olmayip Géller Yoresi’nde
6zellikle Burdur ilinde tarimi yapilmaktadir. Sistematik agidan tanimi zor bir tiirdiir. Kiiltiir formlar1 vardir ve Foeniculum vulgare (rezene)
ile karigir. Belki de hibritlesir.

Kundmannia syriaca Boiss.: C3 Isparta: Atabey ilgesi, antropojenik stepler, 1022 m, 13.10.2014, GUL 63.36.1.2 (Ozgelik 14902);
GUL 63.36.1.10 (15004); GUL 63.36.1.13 (Ozgelik 15174); Islamkdy, 931 m, 13.10.2014, GUL 63.36.1.17 (Ozgelik 15238); Egirdir ilgesi,
Barla dag, goban evleri civari, 1800 m, 21.09.1995, GUL 63.36.1.1 (Ozgelik 7441); Egirdir ilgesi, kayalik kirac alanlar, 913 m, 13.10.2014,
GUL 63.36.1.16 (Ozgelik 15235); Siitgiiler ilgesi, Candir kdyii, 368 m, 13.10.2014, GUL 63.36.1.4 (Ozgelik 14916); 416 m, GUL 63.36.1.7
(Ozgelik 14992); tarla kenarlari, 400 m, 13.10.2014, GUL 63.36.1.8 (Ozcelik 14997); Isparta-Antalya karayolu, 440 m, 13.10.2014, GUL
63.36.1.11 (Ozgelik 15039); Aksu ilgesi, antropojenik alanlar, 1119 m, GUL 63.36.1.15 (Ozgelik 15213). C3 Burdur: Bucak ilgesi,
Tekketepe kavsagi yol kenarlari, 989 m, 13.10.2014, GUL 63.36.1.3 (Ozgelik 14913); Yesilova ilgesi, Salda Gélii civar, 421 m, 13.10.2014,
GUL 63.36.1.5 (Ozgelik 14954); Antalya-Burdur kara yolu, Camlik kasabasma dogru, 421 m, 13.10.2014, GUL 63.36.1.6 (Ozgelik 14986);
Antalya-Bucak kara yolu, 842 m, 13.10.2014, GUL 63.36.1.9 (Ozgelik 15002); Bucak ilgesi, Tekketepe kavsagi, 421 m, 13.10.2014, GUL
63.36.1.12 (Ozgelik 15049); Altinyayla ilgesi, cam ormani altlar1, 1119 m, 13.10.2014, GUL 63.36.1.14 (Ozgelik 15190). C: 6-7. Endemik.
D. Akd. el. T.Y.: C3*,C5,C6.

Conium maculatum L.: B9 Agri: Eleskirt yolu, Eleskirt'e 20-40 km, 1800 m, 11.08.1993, GUL 63.39.1.1 (Ozgelik 6500). C: 4-8.
T.Y.: A1,A2,A4,A5,A6,A7,A9; B1,B2,B4,B6,B7,B8,B9*; C5,C6,C9. Tiirkiye’de genis yayilis gosterir. Govdelerinin benekli olusu 6nemli
bir ayirt edici dzelliktir. Anthriscus cinsini andirir. Cok zehirlidir. Nemli yerleri tercih eder.

Lecokia cretica (Lam.) DC.: B9 Van: Sarmag koyiiniin kuzeyi, vadi Gstleri, 2700 m, 19.07.1986, GUL 63.41.1.5 (Ozgelik 983).
C3 Isparta: Siitgiiler ilcesi, Tota yaylasi, 1400 m, 15.08.1996, GUL 63.41.1.1 (Ozgelik 455); GUL 63.41.1.2 (MK. 458); Candir, Yazih
Kanyon T.P., 1100 m, 31.08.1996, GUL 63.41.1.3 (MK. 517); GUL 63.41.1.4 (MK. 518). C: 4. T.Y.: A6; B1,B9*; C1,C3*,C5,C6. Dogu
Anadolu, Ege ve Akdeniz bolgelerinde yayilis gosterir.

Prangos pabularia Lindl.: B9 Van: B. Erek dag, yiiksek tepe yakini, 2980 m, 19.7.1996, GUL 63.42.1.1 (Ozgelik 947). C: 6-8.
Ir.-Tur. el. T.Y.: A7,A9; B5,B7,B8,B9; C9. P. meliocarpoides Boiss. var. meliocarpoides: C3 Burdur: Altinyayla ilgesine 3 km, yamaglarda,
1248 m, 06.10.2014, GUL 63.42.3.1.1 (Ozgelik 15244). C: 6-7. Endemik. Ir.-Tur. el. T.Y.. A5; B2,B4,B5,B7; C3,C4,C5,C6,C7. P.
corymbosa Boiss.: C3 Isparta: Egirdir ilgesi, Barla kéyii civari, 935 m, 06.10.2014, GUL 63.42.6.1 (Ozgelik 15013-b). C: 6. Ir.-Tur. el. T.Y.:
B7; C3*. P. platychlaena Boiss. ex Tchihat.: C3 Isparta: Yenisarbademli ilgesi, Dedegiil dagi, yamag ve kayalik alanlar, 1253 m, 06.10.2014,
GUL 63.42.8.1 (Ozgelik 15429). C: 5-7. Endemik. Ir.- Tur. el. Y.: A7; B6,B7,B8,B9; C3*, C7. P. uechtritzii Boiss. & Hausskn.: C3 Isparta:
Atabey ilgesi, Kistk Bogazi, 1271 m, 06.10.2014, GUL 63.42.10.1 (Ozgelik 15118). C: 5-7. Endemik. Ir.- Tur. el. Y.: B5,B9; C3*,C4,C6.

Ekimia bornmuelleri (Hub.-Mor. & Reese) H.Duman & M.F.Watson C3 Burdur: Yesilova ilgesi, Salda Golii civari, 1165 m,
16.10.2014, GUL 63. 42a.1.2, (Ozgelik 15314). C: 6-7. Endemik. D. Akd. el. Y.: C2,C3* Bu tiir ilging 6zellikleriyle arazide ok kolay
taninir. Sadece Salda Goli’niin mikroklimatik etkilerinin oldugu bir alanda yayilig gosterir. Bu alanin bir kism1 Mugla, bir kismi da Burdur
ilinde kalmaktadir. Her ne kadar 2 cografi karede yayilig1 goriinse de lokal endemiktir. Salda Golii ve cevresi igin gosterge bitkilerdendir.
Kesinlikle korunmasi gerekir.

Bupleurum rotundifolium L.: C3 Isparta: Sarkikaraagag ilge merkezi, kirag alanlar, 1128 m, 03.10.2014, GUL 63.64.2.1 (Ozgelik 14923);
Atabey ilgesi, yol kenarlari, 1001 m, 03.10.2014, GUL 63.64.2.5 (Ozgelik 15169). C3 Burdur: Yesilova ilgesi, Derekdy-Bayindir kdyleri
arasi, 1006 m, 03.10.2014, GUL 63.64.2.2 (Ozgelik 15072); Burdur-Camlik kasabasi aras1, 412 m, 03.10.2014, GUL 63.64.2.3 (Ozgelik
15107); Gélhisar ilgesi, Evciler koyii, 1004 m, 03.10.2014, GUL 63.64.2.4 (Ozgelik 15140); Tefenni ilgesi, Karamanli'ya 30 km, 1013 m,
03.10.2014, GUL 63.64.2.6 (Ozgelik 15182); Tefenni ilgesi, Rahat dag1 giiney yamaglari, 1408 m, 03.10.2014, GUL 63.64.2.8 (Ozgelik
15197); Korkuteli-Burdur arasi, yol kenarlari, 960 m, 03.10.2014, GUL 63.64.2.7 (Ozgelik 15192); C: 6-7. T.Y.. A1,A2,A4,A5 A6,AT7,
B3,B4,B5,B6,B7,B9; C3*,C4. Tiirkiye genelinde yayilis gosteren, hosgoriisii yiiksek bir tiirdiir. B. croceum Fenzl: C3 Isparta: Sarkikaraagac
ilgesi, tarmm dis1 kirag araziler, 1128 m, 03.10.2014, GUL 63.64.3.1 (Ozgelik 14924). C3 Burdur: Burdur-Karamanl karayolu, Karamanl'ya
25 km, 1002 m, 03.10.2014, GUL 63.64.3.2 (Ozgelik 15132). C: 5-7. Ir.-Tur. el. T.Y.: A2; B2,B3,B4,B6,B8; C3,C4,C5,C6,C7,C8. B.
heldreichii Boiss. & Bal.: C3 Isparta: Egirdir ilgesi, Kovada Gélii civari, 250 m, 15.07.2014, GUL 63.64.5.1 (Ozgelik 8936). C: 5-7.
Endemik. Ir.-Tur. el. T.Y.: B3,B4,B5; C2,C3,C4,C5. B. odontites L.: Al Canakkale: Eceabat ilgesi, Bigali'ya 12.4 km, 220 m, 29.06.1995,
GUL 63.64.10.3 (I.Uysal 386, 480, 711, 716). C: 4-7. Avr.-Sib. el. T.Y.: A1¥,A2,A3,A6; B1,B4; C5,C6.Bat1 Anadolu’da (Ergene havzasi,
Marmara bolgesi, B. Karadeniz ve Ege bolgesinde yayilig gosterir. B. anatolicum Hub.-Mor. & Reese: C3 Antalya: Akseki ilcesi, Erenyaka
koyi, 700 m, 12.08.1988, GUL 63.64.31.1 (Ozgelik 1993). C: 5-6. Endemik. Akd. el. T.Y.: C2,C3*. Géller Yéresi'ne has, nadir bir
endemiktir. Yorede popiilasyonlar iyi gelisme gostermektedir. B. subuniflorum Boiss. & Heldr.: C3 Isparta: Siitgiiler ilgesi, Candir Tabiat
Parki civari, 450- 600 m, 31.08.1996, GUL 63.64.37.2 (Ozcelik 7575). C3 Antalya: Akseki ilgesi, Imlasan (Emir Hasan) Gegidi civari, 1700
m, 08.08.1994, GUL 63.64.37.1 (Ozgelik 6899). C: 7-8. Endemik. T.Y.: C3*,C4. B. commutatum Boiss. & Bal.: C3 Isparta: Uluborlu ilgesi,
Baskdy, 1239 m, 03.10.2014, GUL 63.64.43.1 (Ozgelik 14982). C: 6-8. T.Y.: A2; B1,B2,B3; C3*,C4. B. falcatum L.: C3 Isparta: Egirdir-
Gelendost arasi, Gelendost'a 6 km kala, kaya aralar1, 983 m, 03.10.2014, GUL 63.64.46.1 (Ozgelik 15150); Egirdir ilgesi, bat kesimleri, 931
m, 03.10.2014, GUL 63.64.46.2 (Ozgelik 15176). C: 7. Bu orneklerin tiiralt1 kategorileri belirlenememistir. B. falcatum L. subsp.
polyphyllum (Ledeb.) Wolff: C3 Isparta: Siitgiiler ilgesi, Candir kdyii, Yazili Kanyon TP., 1050 m, 31.08.1996, GUL 63.64.46.1.1(MK 509);
GUL 63.64.46.1.2 (MK 514); Yenisarbademli ilgesi, Dedegiil dagi, Pmnar Gozii mesireligi tistleri, 2400-2800 m, 20.08.1995, GUL
63.64.46.1.3 (Ozcelik 7299). C: 7-8. T.Y.: A7,A8,A9; B7,B8,B9; C3*,C9. B. falcatum L. subsp. cernuum (Ten.) Arc: B9 Van: Erek dagi,
step alanlar, 2000 m, 04.10.1992, GUL 63.46.46.2.1(Ozgelik 1457); GUL 63.64.46.2.2 (Ozgelik 3040). C: 7-8. T.Y.: A3,A4,A7,A8;
B6,B7,B9; C2,C4,C5,C6,C9. B. falcatum L. subsp. persicum (Boiss.) Koso-Pol.: C3 Isparta: Yenisarbademli, Dedegiil dagi, 1070 m,
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06.08.2015, GUL 63.64.46.3.1 (Ozgelik 15215); Egirdir ilgesi, kaya dipleri, 1070 m, 02.06.2015, GUL 63.64.46.3.2 (Ozgelik 15427). G: 7-8.
T.Y.: A2,A4,A6,A7,A9; B7,B8,B9; C3*,C5,C6.

Ammi visnaga (L.) Lam.: C3 Isparta: Antalya karayolu, yol kenarlari, 95 m, 01.10.2014, GUL 63.58.1.2(Ozgelik 15344). C3
Burdur: Aglasun ilgesi, Dere mahallesi, 1061 m, 01.10.2014, GUL 63.58.1.1 (Ozgelik 15027). C3 Antalya: Serik ilgesi, yol kenarlari,
01.10.2014, GUL 63.58.1.3, (Ozgelik 15418). C: 5-8. T.Y.: A2,A3,A5,A7; B1; C1,C2,C3*,C5,C6,C7. Akd. el. Tiirkiye’de yaygindir. Brakte
Ozellikleri ayirt edicidir. Bazi yerlerde kiiltiirii yapilmaktadir.

Falcaria vulgaris Bernh.: C3 Isparta: Aksu ilgesi, Sorgun yaylasi, ¢alilik alanlar, 1300 m, 2.7.1997, GUL 63.59.1.1 (C.Yarc1 371);
Aksu ilgesi, Sorgun yaylasi, 1300 m, 27.03.1995, GUL 63.59.1.3, (SO. 387); 28.07.1997, GUL 63.59.1.4 (SO. 674); Atabey ilgesi, yol
kenarlari, 1025 m, 09.10.2014, GUL 63.59.1.5(Ozgelik 15005); Merkez ilge, Ayazmana mesireligi, 1126 m, 09.10.2014, GUL 63.59.1.8
(Ozgelik 15254); Uluborlu ilgesi, Kapidag, 975 m, 09.10.2014, GUL 63.59.1.10 (Ozgelik 15295). C3 Burdur: Karamanli yolu, Karamanli'ya
25 km, 1002 m, 09.10.2014, GUL 63.59.1.6 (Ozgelik 15130); Tefenni ilgesi, Rahat dagi, 1400 m, 09.10.2014, GUL 63.59.1.7 (Ozgelik
15196); Yesilova ilgesi, yol kenarlari, 917 m, 09.10.2014, GUL 63.59.1.9 (Ozcelik 15294). C: 6-8. T.Y.. A1,A4,A6,A7,A9;
B1,B3,B4,B6,B7,B89,B10; C3*,C4,C5,C6,C8,C9,C10.

Cnidium silaifolium (Jacg.) Simonk. subsp. orientale (Boiss.) Tutin: C3 Isparta: Egirdir ilgesi, Barla, Cam dagi, 1460 m,
06.10.2014, GUL 63.60.1.1.1 (Ozgelik 14906); Barla dagi, 1554 m, 06.10.2014, GUL 63.60.1.1.4 (Ozcelik 15218); GUL 60.63.1.1.5
(Ozgelik 15219); Yenisarbademli, Pmargozii mevkii, 1426 m, 06.10.2014, GUL 63.60.1.1.6 (Ozgelik 15334). C3 Burdur: Aglasun ilgesi,
Kéroglu Beli, 951 m, 06.10.2014, GUL 63.60.1.1.2(Ozgelik 14943); Camlik Kasabasi, yol kenarlari, 1200 m, 06.10.2014, GUL 63.60.1.1.3
(Ozgelik 15233); Bucak ilgesi, Kizilkaya kasabasi, 810 m, 06.10.2014, GUL 63.60.1.1.7(Ozgelik 15420). C: 7-8. T.Y.: A2,A4,A5,A6,A8;
B1,B2,B7; C1,C3*,C4,C5,C6. Tiirkiye’de yaygin.

Ligusticum alatum (M. Bieb.) Spreng: B9 Van: B. Erek dagi, bati yamaci, dere yatagi, 2800 m, 05.08.1993, GUL
63.61.1.1(Ozcelik 6368). C3 Burdur: Tefenni ilgesi, Rahat dag: giiney yamaglar, akarsu kenari, 1750 m, 13.10.2014, GUL 63.61.1.2
(Ozgelik 15202). C: 7-8. T.Y.: A7,A8,A9; B7,B8,B9; C3*,C6,C9. Su kenarlarinda, ekseriyetle yiiksek rakimlarda yetisir. Dogu Anadolu’da
rezervi boldur.

Johrenia silenoides Boiss. & Bal.: C3 Isparta: Egirdir-Gelendost aras1, yol kenarlari, 930 m, 10.10.2014, GUL 63.64.1.1 (Ozgelik
15145). C: 8-9. T.Y.: C3*,C5. J. porteri Post ex Boiss.: C3 Isparta: Egirdir ilgesi, kayalik alanlar, 931 m, 10.10.2014, GUL 63.64.2.1
(Ozgelik 15177). G: 7-8. T.Y.: C3*,C6. J. dichotoma DC. subsp. dichotoma: C3 Isparta: Merkez, Ayazmana mesireligi {izeri, 1200-1400 m,
19.08.1995, GUL 63.64.3.1.1 (Ozgelik 7240); Siitgiiler ilgesi, Candir kdyii, 711 m, 10.10.2014, GUL 63.64.3.1.2, (15001). C: 7-8. T.Y.: B7;
C2,C3*,C4,C5,C6. J. dichotoma DC. subsp. sintenisii Bornm.: C3 Isparta: Sitgiiler ilgesi, Ayvalipmar koyii civari, 1400 m, 23.08.1995,
GUL 63.64.3.2.1 (Ozgelik 7389); Atabey ilgesi, Harmandren kdyii, 944 m, 10.10.2014, GUL 63.64.3.2.2 (Ozgelik 14903); Egirdir-
Gelendost karayolu, 983 m, 10.10.2014, GUL 63.64.3.2.3 (Ozgelik 14914); Uluborlu ilgesi, Baskdy civari, 1239 m, 10.10.2014, GUL
63.64.3.2.5 (Ozgelik 14984); Egirdir ilgesi, yamag alanlar, 923 m, 10.10.2014, GUL 63.64.3.2.6 (Ozgelik 15003); GUL 63.64.3.2.7 (Ozgelik
15003); Aksu ilgesi, mer’a alanlari, 1187 m, 10.10.2014, GUL 63.64.3.2.8 (Ozgelik 15028); Atabey ilcesi, Kisik Bogazi mevkii, 1271 m,
10.10.2014, GUL 63.64.3.2.10 (Ozgelik 15240); Yenisarbademli ilgesi, Dedegiil dagi, 1541 m, 10.10.2014, GUL 63.64.3.2.11 (Ozgelik
15443). C3 Burdur: Tefenni ilgesi, kayalik alanlar, 872 m, 10.10.2014, GUL 63.64.3.2.4 (Ozgelik 14965); Rahat dag: etekleri, 1602 m,
10.10.2014, GUL 63.64.3.2.9 (Ozgelik 15200). C: 7-8. Endemik, T.Y.: C3*,C6,C8. J. tortuosa (Fisch. & Mey.) Chamberlain: C3 Isparta:
Merkez ilge, kayalik alanlar, 1141 m, 10.10.2014, GUL 63.64.4.1 (Ozcelik 14972); tepelik alanlar, 942 m, 10.10.2014, GUL 63.64.4.2
(Ozgelik 15152); Atabey ilgesi, Harmanéren koyii civari, 965 m, 10.10.2014, GUL 63.64.4.3 (Ozgelik 15234); Uluborlu ilgesi, Kagidag,
1040 m, 10.10.2014, GUL 63.64.4.4 (Ozgelik 15240); Merkez, Ayazmana mesireligi civari, 1141 m, 10.10.2014, GUL 63.64.4.5 (Ozgelik
15245); Gelendost ilgesi, Yakakdy, 965 m, 10.10.2014, GUL 63.64.4.6 (Ozcelik 15276); Isparta-Antalya karayolu, Kazak tiinelleri arast, 402
m, 10.10.2014, GUL 63.64.4.7 (Ozcelik 15436). C: 6-8. T.Y.. A2,A5A6; B4; C3*C4,C5C6. J. polyscias Bornm.: C3 Isparta:
Sarkikaraagag ilgesi, Kizildag MP., 1316 m, 10.10.2014, GUL 63.64.5.1 (Ozgelik 14926); Egirdir-Gelendost aras1, yol kenarlari, 983 m,
10.10.2014, GUL 63.64.5.3 (Ozgelik 15146). C3 Burdur: Tefenni ilgesi, kayalik alanlar, 872 m, 10.10.2014, GUL 63.64.5.2 (Ozgelik 15128);
Burdur-Karamanli karayolu, Karamanlt'ya 15 km kala, 1112 m, 10.10.2014, GUL 63.64.5.4 (Ozgelik 15185). C: 7. Endemik. T.Y.: A5; B5;
C3*. J. berytea Boiss. & Hausskn.: C3 Isparta: Yalvag- Aksehir ilgeleri arasi, Sultan dagi, 1800-2300 m, 20.08.1995, GUL 63.64.7.1
(Ozcelik 7284). C: 7. Endemik. T.Y.: B7; C3*, C5,C6.

Cymbocarpum erythraeum (DC.) Boiss.: B8 Erzurum: Tekman'a dogru 30 km, step alanlar, 3000 m, 19.07.1993, GUL 63.66.4.2
(Ozgelik 6086); Palandoken Daglari, 2400-2600 m, 08.08.1993, GUL 63.66.4.4 (Ozcelik 6384); B9 Van: Erek dag1, Erozyonlu alanlar, 2500
m, 26.07.1987, GUL 63.66.4.1 (Ozgelik 1322); Erek dagi'min giiney yamaglari, 2600 m, 17.08.1993, GUL 63.66.4.3 (Ozgelik 6341). C: 7-8.
T.Y.: A8; B8,B9. En biiyiik popiilasyonlar1 ve genetik varyasyonu Kesis dag1 (Erzincan) ile Tendiirek daginda (Agri-Van) bulunmaktadir.

Ferula orientalis L.: B9 Van: Van Kalesi civari, bataklik alanlar, 1720 m, GUL 63.68.7.1 (Ozgelik 44); Erek dag1 zirvesi, 2600 m,
08.07.1987, GUL 63.68.7.1 (Ozgelik 1571). C: 5-6. Ir.- Tur. el. T.Y.: A7,A8,A9; B7,B8,B9*; C9. F. rigidula DC.: B9 Van: Erek dagi, vadi
ici, 2300 m., 08.07.1987, GUL 63.688.9.1 (Ozgelik 1585). C: 5-7. Ir.-Tur. el. T.Y.: A9; B4,B5,B7,B8,B9*. Bu tiirler Dogu Anadolu
bolgesinde yiiksek dag steplerinde gok bol yetisir. Yerel halk tarafindan yem ve gida katkist amaciyla kullanilir. Step vejetasyonunun énemli
gostergelerindendir. Otlatilan alanlarda boldur. Prangos cinsi ile taksonomik olarak karisir. Detayli incelemek gerekir.

Ferulago pauciradiata Boiss. & Heldr.: C3 Isparta: Egirdir ilgesi, Barla Cam dag1, 948 m, 09.10.2014, GUL 63.69.8.1 (Ozcelik
14904). C: 6-7. Endemik. Ir.-Tur. el. T.Y.: A1,A4,A7; B4,B5,B7,B8; C3*,C6. Goller Yoresi’'nde yaygindir. F. cassia Boiss.: C3 Isparta:
Aglasun ilgesi, cam ormani alti, 1061 m, 09.10.2014, GUL 63.69.11.1(Ozgelik 15029). Yenisarbademli ilgesi, Dedegiil dagi, 1061 m,
09.10.2014, GUL 63.69.11.2 (Ozgelik 15031); 1491 m, 09.10.2014, GUL 63.69.11.3, (Ozgelik 15439). Siitculer-Egirdir ilgeleri arasi, 1182
m, 09.10.2014, GUL 63.69.11.4, (Ozgelik 15989). C: 4-6. D. Akd. el. T.Y.: C3*, C5,C6. F. sylvatica (Besser) Rchb.: C3 Isparta:
Yenisarbademli ilgesi, Dedegiil dag1, 1800 m, 19.07.1995, GUL 63.69.18.1 (Ozgelik 7182). C: 6. Avr.-Sib. el. T.Y.: A2; B1,B2; C3*. F.
pachyloba (Fenzl) Boiss.: C3 Burdur: Yesilova ilgesi, Salda Golii giiney kiys1, 1165 m, 09.10.2014, GUL 63.69.26.1 (Ozgelik 15067);
Isiklar kéyii, 1013 m, 09.10.2014, GUL 63.69.26.2(Ozgelik 15070); gél kenar1, 863 m, 09.10.2014, GUL 63.69.26.3 (Ozgelik 15249). C: 7-8.
Endemik. T.Y.: B5;C3*,C5. F. trachycarpa Boiss.: C3 Isparta: Aksu ilgesi, Yaka deresi kenar1, 1600 m, 28.09.1995, GUL 63.69.27.1(SO.
723). C: 6-8. Akd. el. T.Y.: B1,B2,B3; C2,C3*,C4,C6.

Opopanax chironium (L.) W.D.J.Koch: C3 Isparta: Yenisarbademli ilgesi, Dedegiil dagi, 1166 m, 13.10.2014, GUL 63.70.1.1
(Ozgelik 15095); Egirdir ilge merkezi, kayalik yamaglar, 942 m, 09.10.2014, GUL 63.70.1.3 (Ozgelik 15216). Egirdir ilgesi, Kovada golii
civari, 942 m, 13.10.2014, GUL 63.70.1.4 (Ozgelik 15319). C3 Burdur: Tefenni ilgesi, Rahat dag: etekleri, 1408 m, 13.10.2014, GUL
63.70.1.2 (Ozgelik 15198); Bucak ilgesi, Kizilkaya kasabasi, 810 m, 13.10.2014, GUL 63.70.1.5 (Ozgelik 15334). C: 6. T.Y.: Al; C3*. O.
hispidus (C3 Isparta: Uluborlu ilgesi, Baskdy civari, kiregli alanlar, 1239 m, 14.10.2014, GUL 63.70.2.5 (Ozgelik 14981); Uluborlu-
Senirkent ilgeleri arasi, yol kenarlari, 1040 m, 13.10.2014, GUL 63.70.2.13 (Ozgelik 15239); Egirdir ilge merkezi, kayalik yamaglar, 942 m,
13.10.2014, GUL 63.70.2.1 (Ozgelik 14915); Barla, Cam dag1 girisi, 935 m, 14.10.2014, GUL 63.70.2.6(Ozgelik 15013); Barla, Yassioren
Koyi, 989 m, 14.10.2014, GUL 63.70.2.7 (Ozcelik 15016); GUL 63.70.2.8 (Ozgelik 15017); GUL 63.70.2.9 (Ozgelik 15020); GUL
63.70.2.12 (Ozgelik 15108); Pazarkdy-Ayvali arasi, 1175 m, 13.10.2014, GUL 63.70.2.14 (Ozgelik 15259); Kovada Golii civari, 940 m,
13.10.2014, GUL 63.70.2.15 (Ozgelik 15330); Yenisarbademli ilgesi, Bagilli koyii, 1183 m, 14.10.2014, GUL 63.70.2.10 (Ozgelik 15026);
C3 Burdur: Aglasun'un 5 km ¢ikigt, 1017 m, 13.10.2014, GUL 63.70.2.2 (Ozgelik 14935); Altinyayla’ya 2 km kala, 1372 m, 14.10.2014,
GUL 63.70.2.3 (Ozgelik 14966); Bucak ilgesi, Kizilkaya kasabasi, 810 m, 14.10.2014, GUL 63.70.2.4 (Ozgelik 14968); 797 m, 14.10.2014,
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GUL 63.70.2.11 (Ozgelik 15074). C: 5-7. T.Y.: A1,A2; B1,B2,B3,B4,B7,B8; C1,C2,C3,C4,C9,C10. Burdur Golii civarinda tarla kenar ve
aciklarinda, orman kenari ve agiklarinda bol miktarda yetisir. Yaprak sekli ve tiiy durumu ile kolayca arazide ayirt edilir.

Peucedanum chryseum (Boiss. & Heldr.) Chamberlain: C3 Isparta: Sarkikaraagag ilgesi, Kizildag MP. civar, 1316 m, 13.10.2014,
GUL 63.72.4.1 (Ozgelik 14927); GUL 63.72.4.2 (Ozgelik 14967). C: 7-8. Endemik. T.Y.: B1,B2; C1,C2,C3*,C4,C5.

Pastinaca sativa L. subsp. urens (Req. ex Godron) Celak.: C3 Isparta: Yenisarbademli ilgesi, Dedegiil dagi, Pinargozii
mevkii,1540 m, 15.10.2014, GUL 63.73.1.1.2 (Ozcelik 15023). C3 Burdur: Golhisar ilgesi, Evciler kdyii, 997 m, 15.10.2014, GUL
63.73.1.1.3 (Ozgelik 15210). A8 Bayburt: Askale-Bayburt kara yolu, Bayburt'a 20 km kala, 1600 m, 10.08.1993, GUL 63.73.1.1.1 (Ozgelik
6488). C: 7-8. T.Y.: A1,A2,A3,A4,A5A6,A7; B2,B5B7; C3*,C6,C7.

Malabaila dasyantha (C. Koch) Grossh.: B9 Van: Van Kalesi civar, tarla kenarlari, 1730 m, 01.07.1985, GUL 63.74.5.1
(Ozgelik 78); terkedilmis yerler, 1740 m, 26.06.1985, GUL 63.74.5.3 (Ozgelik 2345); Erek dag1, Kurubas kéyiiniin 3 km dogusu, 1900 m,
01.01.1989, GUL 63.74.5.2 (Ozgelik 1498). C3 Isparta: Yenisarbademli ilgesi, Dedegiil dagi, 1544 m, 13.10.2014, GUL 63.74.5.4 (Ozgelik
15102); Egirdir ilgesi, mezarhk kenar, 958 m, GUL 63.74.5.6 (Ozgelik 15272). C3 Burdur: Bucak ilgesi, Camlik kasabasi, 705 m,
13.10.2014, GUL 63.74.5.5 (Ozgelik 15108). C: 6. Ir.-Tur. el. T.Y.: A7,A9; B8,B9; C3*. Dogu Karadeniz, Dogu Anadolu ve Goller
Yoresi’nde yayilis gosterir. M. secacul Banks & Sol.: C3 Isparta: Aksu ilgesi, Yaka deresi kenarlari, 1200 m, 15.05.1994, GUL 63.74.6.1
(SO. 173); Agilkdy-Yilanh koyleri arasi, 1200 m, 05.06.1994, GUL 63.74.6.2 (SO. 266); Golcikk TP., ¢am ormam icleri, 1602 m,
10.10.2014, GUL 63.74.6.3 (Ozgelik 14963); Yenisarbademli ilgesi, Dedegiil dag1, 1166 m, 13.10.2014, GUL 63.74.6.5(Ozgelik 15101). C3
Burdur: Yesilova ilgesi, Salda Gélii civari, 1165 m, 13.10.2014, GUL 63.74.6.4 (Ozgelik 15071); Tefenni ilesi, kira¢ alanlar, 1115 m,
13.10.2014, GUL 63.74.6.7(Ozgelik 15186); Cavdir ilgesi, Rahat dagi, 1750 m, 13.10.2014, GUL 63.74.6.8 (Ozgelik 15193); Tefenni-
Yesilova yol kavsagi, 922 m, 13.10.2014, GUL 63.74.6.6 (quelik 15181). C: 5-7. T.Y.: A5,A6,A7; B4,B5,B7; C3,C4,C5,C6,C7,C8.

Heracleum sphondylium L. subsp. ternatum (Velen.) Brummitt: C3 Isparta: Sarkikaraagag ilgesi, Kizildag Milli Park: girisi, 1316
m, 09.10.2015, GUL 63.75.1.1.1 (Ozgelik 15355). C: 5-6. T.Y.: A1,A2,A3,A4; B2,B4; C3*. H. platytaenium Boiss.. C3 Isparta: Isparta
merkez, Dere mahallesi, 1243 m, 09.10.2014, GUL 63.75.3.1 (Ozgelik 14933). Isparta merkez ilge, Gokcay mesireligi, 1180 m, 09.10.2014,
GUL 63.75.3.2 (Ozgelik 14961). C: 5-7(-8). Endemik. T.Y.: A2,A4,A5,A7,A8; B1,B2,B4; C3*,C4. H. antasiaticum Manden.: C3 Isparta:
Siitgiiler ilgesi, Tota Yaylas1, 1400 m, 15.08.1996, GUL 63.75.4.1 (Ozcelik469. C: 6-7(-8). T.Y.: A9; B7; C3*. H. pastinacifolium C. Koch:
Al Canakkale: Eceabat ilgesi, Kiz heykeli civari, 20.04.1996, GUL 63.75.8.3.1 (T.Uysal 1122). C: 6-7. Endemik. Y.K.: A1*,A4,A5,A7,A8;
B38,B9. Cinsin iiyelerine Tiirkiye genelinde rastlanabilir. Nispi nemin fazla oldugu yerler ve akarsu kenarlari en 6nemli habitatlaridir. Yaprak,
cicek durumu ve meyveleri ayirt edici 6zellikleri tagir. Govdeleri kalin ve olukludur.

Tordylium apulum L.: C3 Isparta: Isparta-Antalya karayolu Bucak sapag: civari, 485 m, 16.10.2014, GUL 63.80.1.1 (Ozgelik
15109). C: 4-5. Akd. el. T.Y.: A1,A2; B1; C1,C2,C3*,C4,C5,C6. T. macropetalum Boiss.: C3 Isparta: Isparta-Antalya kara yolu, yol
kenarlari, 369 m, 16.10.2014, GUL 63.80.3.1 (Ozgelik 15159). C: 5-6. Endemik. Akd. el. Y.: B2; C2,C3*. T. hasselquistiae DC. C3 Isparta:
Siitgiiler ilgesi, Candir-Miiezzinler kdyleri arasi, orman alanlar;, 690 m, 16.10.2014, GUL 63.80.5.1 (Ozgelik 15156); Isparta-Antalya
karayolu, yol kenarlari, 440 m, 16.10.2015, GUL 63.80.5.3. C3 Burdur: Bucak ilgesi, Kizilkaya kasabasi, tarla kenarlari, 810 m, 16.10.2014,
GUL 63.80.5.2 (Ozgelik 15266). C: 4-5. T.Y.: C3*,C6,C7. T. aegaeum Runem.: C3 Isparta: Egirdir ilgesi, Sorkuncak-Banaz kéyleri aras1 yol
kenarlar1, 1485 m, GUL 63.80.9.1 (Ozgelik 15433); Isparta- Antalya karayolu, Kazak tinelleri aras, yol kenarlari, 440 m, GUL 63.80.9.2
(Ozgelik 15438). C: 5. Akd. el. T.Y.: Al; B1,B2; C1,C2,C3.

Glaucosciadium cordifolium (Boiss.) B.L.Burtt & P.H.Davis: C3 Isparta: Yenisarbademli ilgesi, Dedegiil dagi, Pinarg6zii mevkii,
2600-2800 m, 21.08.1995, GUL 63. 83.1.1 (Ozgelik 7366); Uluborlu ilgesi, Salgamhik mevkii, yol kenarlari, 1155 m, 09.10.2014, GUL
63.83.1.2 (Ozgelik 14975); Uluborlu Kalesi yakinlari, yamaglarda, 156 m, 09.10.2014, GUL 63.83.1.4 (Ozgelik 15114); Baskdy civari,
yamag ve Kiregli alanlar, 1239 m, 09.10.2014, GUL 63.83.1.3 (Ozgelik 15008). C3 Burdur: Burdur-Altinyayla karayolu, yol kenarlari, 1261
m, 09.10.2014, GUL 63.83.1.5 (Ozcelik 15191). C: 8-9. T.Y.: B2; C1,C2,C3,C4,C6. Ege, Akdeniz, kismen de i¢ Anadolu bolgesinde yayilis
gosterir.

Laserpitium hispidum Bieb.: A1 Canakkale: Eceabat ilgesi, Conkbayiri, Atatiirk heykeli civari, 275 m, 29.06.1995, GUL 63.85.3.1
(I.Uysal 546,570,592). G: 7-8. Avr.--Sib. el. T.Y.: A1* A3, A4,A5 AQ.

Torilis arvensis (Huds.) Link: B9 Van: Van Kalesi civari, tarla kenarlari, 1720 m, 09.07.1989, GUL 63.87.3.1(Ozgelik 1895). C:
4-6. Alttlri tespit edilemedi. T. arvensis subsp. arvensis: C3 Burdur: Aglasun ilgesi, Koroglu Beli, 1008 m, 13.10.2014, GUL
63.87.3.2.1(Ozcelik 14936). C: 6-8. T.Y.: A1,A2,A3,A4,A6,A7; B4; C3,C4,C5,C6,C7. T. arvensis subsp. neglecta (Sprengel) Thellung: C3
Burdur: Aglasun ilgesi, Koéroglu Beli, 951 m, 13.10.2014, GUL 63.87.3.1.1 (Ozgelik 14941); Yesilova ilgesi, Sultanpinart mevkii, 1179 m,
13.10.2014, GUL 63.87.3.1.2 (Ozgelik 14956); Osman Kafkalar koyii, 1408 m, 13.10.2014, GUL 63.87.3.1.3 (Ozgelik 15199). C: 5-8. T.Y.:
Al,A2,A3,A4,A6,A8; B2,B3,B8; C2,C3,C5,C6,C8. T. arvensis subsp. elongata (Hoffmanns. & Link) Cannon: B9 Van: Van Kalesi civari,
tarla kenarlar;, 1720 m, 02.05.1987, GUL 63.87.3.3 (Ozcelik1912). C3 Isparta: Siitciiler ilgesi, Candir-Miiezzinler koyii arasi, 711 m,
13.10.2014, GUL 63.87.3.3.2 (Ozgelik 14909); GUL 63.87.3.3.3 (Ozgelik 15284). C: 4-6. Akd. el. T.Y.: A2; B1,B9*; C2,C3*,C4,C6,C8. T.
japonica (Houtt.) DC.: C3 Isparta: Aksu ilgesi, Yaka deresi kenarlari, 1200 m, 15.05.1994, GUL 63.87.4.1(SO.); Egirdir ilgesi, Barla, Cam
dag1, 948 m, 13.10.2014, GUL 63.87.4.2 (Ozgelik 15051); Yenisarbademli ilgesi, Dedegiil dagi, 1160 m, 13.10.2014, GUL 63.87.4.3
(Ozgelik 15096); Siitgiiler ilgesi, Candir kdyii civari, 369 m, 13.10.2014, GUL 63.87.4.4 (Ozgelik 15161); Atabey ilgesi, tarla kenarlari, 995
m, 13.10.2014, GUL 63.87.4.5 (Ozgelik 15173); Sav kasabasi civari, yol kenarlari, 985 m, 13.10.2014, GUL 63.87.4.6 (Ozgelik 15248). C:
7-10. T.Y.: A2,A4,A8; C3*,C6. T. leptophylla (L.) Reichb.: B9 Van: Erek dagi, zirve civari, 3000 m, 19.07.1986, GUL 63.87.6.1 (Ozgelik
1015). C3 Isparta: Aksu ilgesi, Yaka deresi kenarlari, 1200 m, 15.05.1995, GUL 63.87.6.2 (SO. 209); Uluborlu ilgesi, Ozbahge koyii, 1320
m, 13.10.2014, GUL 63.87.6.4 (Ozgelik 14976); GUL 63.87.6.5 (Ozgelik 14977); Siitgiiler ilgesi, Candir kdyii, 1002 m, 13.10.2014, GUL
63.87.6.8 (Ozgelik 15160); Kegiborlu ilgesi, Uluborlu kavsagindan 2 km, 1180 m, 13.10.2014, GUL 63.87.6.12 (Ozgelik 15283). C3 Burdur:
Aglasun ilgesi, Kéroglu Beli, 1002 m, 13.10.2014, GUL 63.87.6.3 (Ozgelik 14940); 1008 m, GUL 63.87.6.9 (Ozgelik 15247); Bucak ilgesi,
yamaglar, 797 m, 13.10.2014, GUL 63.87.6.6 (Ozgelik 15079); Tefenni ilgesi, Karamanli'ya 25 km, 1002 m, 13.10.2014, GUL 63.87.6.7
(Ozgelik 15131); Tefenni, antropojenik alanlar, 1409 m, 13.10.2014, GUL 63.87.6.11 (Ozgelik 15269); Bucak ilgesi, Kizilkaya kasabasi, 795
m, 13.10.2014, GUL 63.87.6.10 (Ozcelik 15264); C: 4-7. T.Y.. Al1,A2,A3A4A5A7A8;, B1B2B3,B4,B58B6B8B9*
C3*,C4,C5,C6,C7,C8. T. tenella (Delile) Reichb.: C3 Isparta: Uluborlu ilgesi, antropojenik alanlar, 1053 m, 13.10.2014, GUL 63.87.8.2
(Ozgelik 14978); Salgamlik mevkii, 1155 m, 13.10.2014, GUL 63.87.8.3 (Ozgelik 14979). C3 Burdur: Aglasun ilcesi, Kéroglu Beli, orman
aciklart, 951 m, 13.10.2014, GUL 63.87.8.1 (Ozgelik 14942); Burdur-Antalya karayolu, Camlik kasabast, 276 m, 13.10.2014, GUL 63.87.8.4
(Ozgelik 14988). C: 3-7. T.Y.: C3*,C5,C6,C7,C8,CO.

Astrodaucus orientalis (L.) Drude: B9 Van: B. Erek dag, yiiksek tepe yakini, 3150 m, 19.07.1986, GUL 63.88.1.1 (Ozgelik 974);
GUL 63.88.1.2 (Ozgelik 1015). Ir.-Tur. el.. G: 5-8. T.Y.: A4,A7,A9; B3,B4,B5,86,87,B8,B9; C4,C6,C9.

Turgeniopsis foeniculacea (Fenzl) Boiss.: Al Canakkale: Eceabat ilgesi, Bigali, Hamazlar tepe, 20.05.1995, GUL 63.89.1.1
(1.Uysal 85, 109, 97,162). G: 5-6. T.Y.: ALl*,A5; B1; C4,C5,C6,C8.

Caucalis platycarpos L.: B9 Van: Van Kalesi civar, tarla kenarlari, 1700 m, 12.06.1986, GUL 63.90.1.2 (Ozgelik 21); 1720 m,
12.06.1986, GUL 63.90.1.3; 1750 m, 11.05.1986, GUL 63.80.1.4 (Ozgelik 1960). C3 Isparta: Siitciiler ilgesi, Kasimlar- Kesme yolu aras,
1400 m, 07.05.1996, GUL 63.90.1.1(MK.); Atabey ilgesi, tarla kenarlar1, 995 m, 06.10.2014, GUL 63.90.1.6 (Ozgelik 15172). C3 Burdur:
Aglasun ilgesi, Kéroglu Beli, 1008 m, 06.10.2014, GUL 63.90.1.5 (Ozgelik 14937); Tefenni ilgesi, tarla kenarlari, 900 m, 06.10.2014, GUL
63.90.1 .7 (Ozgelik 15305). C: 5-8. T.Y.:A1,A2,A3,A6,A7,A8; B2,B3,B4,B5,86,87,88,89*; C3,C4,C5.
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Turgenia latifolia (L.) Hoffm.: B9 Van: Van Kalesi civari, tarla kenarlari, 1720 m, 12.07.1985, GUL 63.91.1.1(Ozgelik 90);
11.05.1986, GUL 63.91.1.2, (Ozgelik 1959). C3 Isparta: Aksu ilgesi, Agilkdy-Yilanli kdyleri arasi, 1200 m, 05.06.1994, GUL 63.91.1.3 (SO.
251); Atabey ilgesi, tarla kenarlari, 995 m, 13.10.2014, GUL 63.91.1.5 (Ozgelik 15171). C3 Burdur: Yesilova ilgesi, Derekdy- Baymdir
koyleri arasi, 1013 m, 13.10.2014, GUL 63.91.1.4 (Ozgelik 15069); Tefenni ilgesi, Tefenni’den 10 km, yol kenarlari, 1156 m, 13.10.2014,
GUL 63.91.1.6 (Ozgelik 15187); Yesilova ilgesi, tarla kenarlari, 1046 m, 13.10.2015, GUL 63.91.1.7 (Ozgelik 15306). C: 4-6. T.Y.:
Al,A2,A4,A5,AT7,A8,A9; B2,B3,B4,B5B8,B9*, C3*,C5,C6,C7,C8.

Lisaea papyracea Boiss.: C3 Isparta: Egirdir ilgesi, Sorkuncak kdyti, 1086 m, 06.10.2014, GUL 63.92.1.1(Ozgelik 15322); tarla
kenarlar1, 1086 m, 06.10.2014, GUL 63.92.1.2 (Ozgelik 15425). C: 6. T.Y.: B3,B4,B5,B6,B7,B8; C2,C3*,C4.

Daucus carota L.. Al Canakkale: Eceabat ilgesi, Kocagimentepe'ye 14 km, 220 m, 29.06.1995, GUL 63.94.1.4 (i.Uysal
606,510,516); GUL 63.94.1.5 (1.Uysal 763); GUL 63.94.1.6 (I.Uysal 796,787); GUL 63.94.1.7 (.Uysal 811). B9 Van: Van Kalesi, cayirlik
alanlar, 1710 m, 11.05.198612, GUL 63.94.1.8 (Ozgelik 1805); nemli yerler, 1750 m, 06.1988, GUL 63.94.1.9 (Ozgelik 1964). C3 Isparta:
Aksu ilgesi, Agilkdy-Yilanh koyleri arasi, 1200 m, 01.07.1994, GUL 63.94.1.1(SO. 297); Aksu ilgesi, Agilkdy-Yilanl koyleri arasi, 1200 m,
01.07.1994, GUL 63.94.1.2 (C.Yarc1); Siitgiiler ilgesi, Kasimlar kasabast ¢ikigt, 1200 m, 15.08.1996, GUL 63.94.1.3 (MK. 441); Merkez ilge,
havaalani karsist, 921 m, 07.10.2014, GUL 63.94.1.10 (Ozgelik 14974); Isparta-Antalya karayolu aras1 25. km, 416 m, 07.10.2014, GUL
63.94.1.11 (Ozgelik 14995); Yenisarbademli ilgesi, Keykubat Tiirbesi yakinlari, 1150 m, 07.10.2014, GUL 63.94.1.12 (Ozgelik 15100);
Isparta-Camlik koyii arasi, yol kenarlari, 304 m, 07.10.2014, GUL 63.94.1.13 (Ozgelik 14987); Isparta-Antalya karayolu 30. km, yol
kenarlari, 369 m, 07.10.2014, GUL 63.94.1.16 (Ozgelik 15162); Atabey ilgesi, yol kenarlari, 1010 m, 07.10.2014, GUL 63.94.1.17 (Ozgelik
15167); Egirdir ilgesi, bat1 kesimi, yol kenarlari, 931 m, 07.10.2014, GUL 63.94.1.18 (Ozgelik 15178); Merkez ilge, yol kenarlari, 945 m,
07.10.2014, GUL 63.94.1.19 (Ozgelik 15236). C3 Burdur: Tefenni ilgesi, 10. km, 1021 m, 07.10.2014, GUL 63.94.1.14 (Ozgelik 15124);
GUL 63.94.1.15 (Ozgelik 15129); Bucak ilgesi, yol kenarlari, 778 m, 07.10.2014, GUL 63.94.1.20 (Ozgelik 15262). C: 6-9. T.Y.
Al* A2, A3,A4,A5A6,A7,A8; B1,B2,B4,B8,B9*; C2,C3*,C5,C6,C9. D. broteri Ten. Al Canakkale: Eceabat ilgesi, Bigali 8.3 km, 110 m,
29.06.1995, GUL 63.94.2.4 (I.Uysal 393); Eceabat ilgesi, Bigalt 8.3 km, 110 m, 29.06.1995, GUL 63.94.2.5 (I.Uysal 534); GUL 63.94.2.6
(L.Uysal 495, 779). C3 Isparta: Kirazlidere mevkii, meyve bahgeleri iistleri, 09.09.2000, GUL 63.94.2.7 (Ozcelik 8988); Isparta-Antalya
karayolu, 30. km, 327 m, 06.10.2014, GUL 63.94.2.8 (Ozcelik 14990). C: 6-8. T.Y.: A1*,A2,A3,A8; B1,B2; C2,C3*,C4,C5,C6. D. guttatus
Sm.: C3 Isparta: Isparta-Antalya karayolu, 25. km, 416 m, 07.10.2014, GUL 63.94.3.5 (Ozcelik 14994); GUL 63.94.3.6 (Ozgelik 14996);
Siitgiiler ilgesi, Candir, Yazili Kanyon TP., 07.10.2014, GUL 63.94.3.7 (Ozgelik 15154); Isparta-Antalya karayolu, Egirdir yol sapag1 civari,
327 m, 07.10.2014, GUL 63.94.3.8 (Ozgelik 15157). C3 Burdur: Yesilova ilgesi, Akgakdy, 1144 m, 07.10.2014, GUL 63.94.3.4 (Ozgelik
14946). C: 6-7. T.Y.: A1 A2,A4; B1,B2,B8;C3,C4,C5. D. littoralis Sibth. & Sm.: B4 Kirikkale: Merkez ilge, Hasandede tiirbesinin 200 m
dogusu, 04.08.1990, GUL 63.94.4.1. C: 6-8. T.Y.: A5; B4*; C3. D. involucratus Sm.: C3 Burdur: Yesilova ilgesi, ormanlik alanlar, 857 m,
07.10.2014, GUL 63.94.5.1 (Ozgelik 15064); Burdur merkez, ormanlik alan girisi, 872 m, 07.10.2014, GUL 63.94.5.2 (Ozgelik 15179). C: 4-
5. T.Y.: A6, B1; C2,C3*.

Artedia squamata L.. C3 Isparta: Sarkikaraagac ilgesi, nadas araziler, 1070 m, 02.10.2014, GUL 63.96.1.2 (Ozcelik 14932);
Goénen ilgesi, yol kenarlari, 1001 m, 02.10.2014, GUL 63.96.1.4 (Ozgelik 15168); Merkez ilce, tepeler, 1280 m, 02.10.2014, GUL 63.96.1.5
(Ozgelik 15241); Atabey ilgesi, tarla kenarlari, 985 m, 02.10.2014, GUL 63.96.1.6 (Ozgelik 15274). C3 Burdur: Camlik'a 1.5 km, yol
kenarlar, 684 m, 02.10.2014, GUL 63.96.1.1(Ozgelik 14908); Tefenni ilgesi, tarla kenarlari, 1150 m, 02.10.2014, GUL 63.96.1.3 (Ozgelik
15138). C: 4-7. T.Y: A3,A6; B1,B3,B4,B5,B6; C1,C2,C3*,C4,C5,C7,C8. Tirkiye'de dzellikle de Gliney Anadolu bélgesinde yaygin.

Cizelge 1. GUL Herbaryumu'ndaki Apiaceae (Umbelliferae) familyasina ait taksonlarin sayisal analizi

Toplandigi Il Yeni

No: Cins Ad1 Taksonlar Kare (S)gnleslf
Kaydi Y
1 Astrantia L. A. maxima Pallas subsp. haradjianii (Grintz.) Rech. fil. Isparta - 9
2 Actinolema Fenzl A. macrolema Boiss. Isparta - 4
A. eryngioides Fenzl Isparta +
E. thorifolium Boiss. Isparta +
E. falcatum Delar. Antalya ]
Isparta +
. E. creticum Lam. Isparta +
3 Eryngium L. E. palmito Boiss. & Heldr. Isparta - 24
E. bourgatii Gouan subsp. heldreichii (Boiss.) P.H. Davis Isparta -
E. billardierei F. Delaroche Isparta +
E. campestre L. var. virens Link Van +
4 Lagoecia L. L. cuminoides L. Burdur - 3
Isparta +
E. tournefortii Jaub. & Spach. Burdur N
Isparta +
5 Echinophora L. E. orientalis Hedge & Lamond 3:?“ + 20
E. trichophylla J.E. Smith Isparta +
E. tenuifolia L. subsp. sibthorpiana (Guss.) Tutin Burdur *
' ' ' ' Isparta -
6 Mpyrrhoiides Heister ex Fabr M. nodosa (L.) Cannon Burdur - 3
Isparta +
C. byzantinum Boiss. Isparta +
C.aureum L. Isparta -
7 Chaerophyllum L. C. bulbosum L. Van + 20
C. crinitum Boiss. Van -
C. leucolaenum Boiss. Isparta +
8 Grammosciadium DC. G. pterocarpum Boiss. Van + 3
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Cizelge 1. GUL Herbaryumu'ndaki Apiaceae (Umbelliferae) familyasina ait taksonlarin sayisal analizi

(devam)
Toplandig1 Yeni
No: Cins Ad1 Taksonlar il Kare SC; rrlglk
Kayd: Y
Bayburt -
Van +
A. nemorosa (Bieb.) Sprengel Erzurum -
Burdur +
. Isparta +
9 Anthriscus Pers. A. sylvestris (L.) Hoffm. Van + 24
A. lamprocarpa Boiss. Isparta +
A. cerefolium (L.) Hoffm. Burdur N
Isparta +
A. caucalis Bieb. Isparta +
S. stellata Banks & Sol. Isparta +
Isparta +
S. iberica Bieb. Burdur -
Van -
10 Scandix L. . Van + 29
S. pecten-veneris L.
Isparta +
S. macrorhyncha C.A.Meyer Isparta +
S. australis L. subsp. grandiflora (L.) Thell. Burdur +
S. turgida (Boiss. & Bal.) Boiss. Isparta +
Burdur +
11 Coriandrum L. C. sativum L. Isparta * 17
Van +
C. tordylium (Fenzl) Bornm. Burdur +
. . . Burdur -
12 Bifora Hoffm. B. radians Bieb. 7
Isparta +
S. olusatrum L. Isparta +
13 Smyrnium L. S. connatum Boiss. & Kotschy Iparta - 6
Burdur +
- - Isparta +
B. paucifolium DC. var. paucifolium van +
) B. microcarpum B. m!crocarpum subsp. microcarpum_ Isparta -
14 Bunium L. (Boiss ) Freyn B. microcarpum subsp. bourgaei (Boiss.) Erzurum ) 13
' Hedge & Lamond
B. ferulaceum Sm. Burdur -
B. pestalozzae Boiss. Isparta +
15 Carum L. C. carvi L. Van 3
. . H. cynapioides (Guss.) P.W. Ball subsp. macrocarpa (Boiss. &
16 Huetia Boiss. Spruner) P.W. Ball Isparta + 1
17 Chamaesciadium C.A. Mey. C. acaule (Bieb.) Boiss. - 1
P. anisum L. Burdur +
P. cretica Poiret var. arabica (Boiss.) Boiss. -
P. peregrina L. Burdur *
Isparta +
P. cappadocica Boiss. & Bal. var. cappadocica Isparta +
18 Pimpinella L. . Erzurum - 33
P. corymbosa Boiss.
Van +
P. oliveroides Boiss. & Hausskn. Burdur N
Isparta +
Pimpinella anthriscoides Boiss. var. anthriscoides Isparta +
P. peucedanifolia Fischer ex Ledeb. Van -
19 Aegopodium L. A. podagraria L. - 1
S. gummiferum Pallas ex Smith subsp. corymbosum (Boiss. & lsparta )
20 Seseli L. Heldr.) Davis P 9
S. peucedanoides (Bieb.) Koso-Pol. Isparta +
21 Oenanthe L Oe. aquatica (L.) Poiret in Lam Burdur * 5
' ' ' ' Isparta -
Burdur +
22 Foeniculum Mill. F. vulgare Mill. Isparta + 13
Antalya +
23 Anethum L. A. graveolens L. Burdur N 9
Isparta +
. . . Burdur +
24 Kundmannia Scop. K. syriaca Boiss. Isparta + 23
25 Conium L. C. maculatum L. Agri + 2
26 Lecokia DC. L. cretica (Lam.) DC. van } 5
Isparta +
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Cizelge 1. GUL Herbaryumu'ndaki Apiaceae (Umbelliferae) familyasina ait taksonlarin sayisal analizi

(devam)
Toplandig1 Yeni
No: Cins Ad1 Taksonlar il Kare SC; rrlglk
Kaydi Y
P. pabularia Lindl. Van +
P. meliocarpoides Boiss. var. meliocarpoides Burdur -
27 Prangos Lindl. P. corymbosa Boiss. Isparta + 9
P. platychlaena Boiss. ex Tchihat. Isparta +
P. uechtritzii Boiss. & Hausskn. Isparta +
28 Ekimia H.Duman & E. bornmuelleri (Hub.-Mor. & Reese) H.Duman & M.F.Watson Burdur - 4
M.F.Watson
B. rotundifolium L. Burdur N
Isparta +
Burdur -
B. croceum Fenzl Isparta +
B. heldreichii Boiss. & Bal. Isparta -
B. odontites L.
B. anatolicum Hub.-Mor. & Reese Antalya +
29 Bupleurum L. B. subuniflorum Boiss. & Heldr. Antalya - 45
Isparta +
B. commutatum Boiss. & Bal. Isparta +
B. falcatum L. subsp. polyphyllum
(Ledeb.) Wolff Isparta *
B. falcatum L. B. falcatum L. subsp. cernuum (Ten.) Arc. Van -
B. falcatum L. subsp. persicum (Boiss.)
Isparta -
Koso-Pol.
30 Microsciadium Boiss. M. minutum (d'Urv.) Brig. - 1
Burdur
31 Ammi L. Ammi visnaga (L.) Lam. Isparta - 5
Antalya -
32 Falcaria Fabr. F. vulgaris Bernh. Burdur * 14
Isparta -
33 Cnidium Cussont ex Juss. C. silaifolium (Jacq.) Simonkai subsp. orientale (Boiss.) Tutin Eﬁ?&fﬁ : 12
34 Ligusticum L. L. alatum (Bieb.) Sprengel Burdur + 4
J. silenoides Boiss. & Bal. Isparta +
J. dichotoma DC. subsp. dichotoma Isparta +
. Isparta -
J. dichotoma DC. J. dichotoma DC. subsp. sintenisii Bornm.  Burdur +
35 Johrenia DC. Isparta + 33
J. tortuosa (Fisch. & Mey.) Chamberlain Isparta +
. Burdur +
J. polyscias Bornm. Isparta +
J. berytea Boiss. & Hausskn. Isparta +
- Erzurum -
36 Cymbocarpum DC. C. erythraeum (DC.) Boiss. van 8
F. orientalis L. Van +
37 Ferula L. F. rigidula DC. Van - 4
F. pauciradiata Boiss. & Heldr. Isparta +
F. cassia Boiss. Isparta +
38 Ferulago Koch F. sylvatica (Besser) Reichb. Isparta + 13
F. pachyloba (Fenzl) Boiss. Burdur +
F. trachycarpa Boiss. -
O. chironium (L.) W. Koch Eﬁzhar :
39 Opopanax W.D.J.Koch Isparta ) 29
O. hispidus (Friv.) Gris. Burdur ]
40 Peucedanum L. P. chryseum (Boiss. & Heldr.) Chamberlain Isparta - 3
Burdur +
41 Pastinaca L. P. sativa L. subsp. urens (Reg. ex Godron) Celak. Isparta + 9
Bayburt -
M. dasyantha (C. Koch) Grossh. gﬁfgtﬁ, :
42 Malabaila Hoffm. Burdur ) 14
M. secacul Banks & Sol.
Isparta +
H. sphondylium L. subsp. ternatum (Velen.) Brummitt Isparta +
43 Heracleum L. H. platyt-aehlum Boiss. Isparta + 9
H. antasiaticum Manden. Isparta +
H. pastinacifolium C. Koch Van -
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Cizelge 1. GUL Herbaryumu'ndaki Apiaceae (Umbelliferae) familyasina ait taksonlarin sayisal analizi

(devam)
Toplandig1 Yeni
No: Cins Ad1 Taksonlar il Kare g);nleslj
Kaydi Y
T. apulum L. Isparta +
T. macropetalum Boiss. Isparta +
44 Tordylium L. - Isparta + 7
T. hasselquistiae DC. Burdur +
T. aegaeum Runem. Isparta +
45 Glaucosc_ladlum B.L Burtt& G. cordifolium (Boiss.) Burtt & Davis Burdur . 8
P.H. Davis Isparta +
46 Laserpitium L. L. hispidum Bieb. - 1
T. nodosa (L.) Gaertner -
T. arvensis (Huds.) Link subsp. arvensis Burdur +
T. arvensis (Huds.) T. arvensis (Huds.) Link subsp. neglecta Burdur +
Link (Sprengel_) Thellung )
T. arvensis (Huds.) Link subsp. elongata lsparta +
47 Torilis Adans (Hoffmanns. & Link) Cannon P 35
T. japonica (Houtt.) DC. Isparta +
- Burdur +
T. leptophylla (L.) Reichb. Isparta +
. . Burdur +
T. tenella (Delile) Reichb. Isparta +
48 Astrodaucus Drude A. orientalis (L.) Drude Van + 2
49 Turgeniopsis Boiss. T. foeniculacea (Fenzl) Boiss. - 1
Burdur +
50 Caucalis L. C. platycarpos L. Isparta + 10
Van +
Burdur +
51 Turgenia Hoffm. T. latifolia (L.) Hoffm. Isparta + 8
Van +
52 Lisaea Boiss. L. papyracea Boiss. Isparta + 2
D. carota L. Burdur N
Isparta +
D. broteri Ten. Isparta +
53 Daucus L. D. guttatus Sm. Burdur - 41
Isparta +
D. littoralis Sibth. & Sm. Kirikkale +
D. involucratus Sm. Burdur +
54 Artedia L. A. squamata L. Burdur * 6
Isparta +
Toplam 54 134 129 624

Cizelge 2. Apiaceae/Umbelliferac) familyasina ait Tiirkiye florasinda yer alan taksonlar ile GUL

herbaryumu’nda bulunan taksonlarin sayisal olarak karsilastirilmasi.

Ozellikler GUL Herbaryumu/ Tiirkiye Florasi Oran1 (%)
Cins Sayisi 54 99 54.54
Takson Sayis1 134 489 27.40
Endemik Takson Sayisi 20 159 12.57
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Cizelge 3. GUL Herbaryumun’daki Apiaceae familyasinin endemik taksonlari1 ve TUCN’e gore tehlike
kategorileri (EKim ve ark., 2000’den yararlanarak).

No: Takson Tehlike Kategorisi
1. Astrantia maxima Pallas subsp. haradjianii (Grintz.) Rech. NT
2. Bupleurum anatolicum Hub.-Mor. & Reese NT
3. Bupleurum heldreichii Boiss. & Bal. LC
4, Bupleurum subuniflorum Boiss. & Heldr. NT
5. Chaerophyllum leucolaenum Boiss. VU
6. Echinophora trichophylla J.E.Smith CD
7. Ekimia bornmuelleri (Hub.-Mor. & Reese) H.Duman & M.F.Watson VU
8. Eryngium palmito Boiss. & Heldr. VU
9. Eryngium thorifolium Boiss. CD
10. Ferulago pachyloba (Fenzl) Boiss. VU
11. Ferulago pauciradiata Boiss. & Heldr. LC
12.  Heracleum crenatifolium Boiss. NT
13.  Heracleum platytaenium Boiss. LC
14.  Johrenia berytea Boiss. & Hausskn. NT
15.  Johrenia dichotoma DC. subsp. sintenisii Bornm. EN
16.  Johrenia polyscias Bornm. CR
17.  Johrenia silenoides Boiss. & Bal. NT
18.  Seseli gummiferum Pallas ex Smith subsp. corymbosum (Boiss. & Heldr.) Davis  CD
19.  Tordylium macropetalum Boiss. VU
20.  Prangos uechtritzii Boiss. & Hausskn. LC

4. Tartisma ve Sonug¢

Bugtine kadar Apiaceae familyasimin sistematik (Yildirimli, 1997; Ozhatay ve ark., 2009) ve
ekonomik 6zellikleri (Ozcelik, 1989; Oztiirk ve Ozgelik, 1991; Ozcelik, 1994; Ozcelik ve ark., 2016)
lizerine ¢ok sayida arastirma yapilmistir. Baz1 ¢aligsmalar ise Tiirkiye bitkileri veya bitkiler hakkinda
genel bilgiler vermektedir (Regel, 1963; Karamanoglu, 1976; Erik ve Tarikahya, 2004; Torlak ve ark.,
2010). Bunlarin genel durumundan taksonlarm yayilis alanlarn biiylik 6l¢iide ortaya c¢ikarilmistir
(Kutluk ve Aytug, 2004). ‘Bitki Adlarinin Yazarlar1® kitabi (Brummitt ve Powele, 1992) énemli bir
kaynaktir. Son zamanlarda Tiirkiye Florasini yeniden yazma gayretleri icerisine girilmistir. Bunun ilk
basamagimi Tiirkiye Bitkileri isimli bir eser (Giiner, 2012) olusturmaktadir. Bu eserde (Guner, 2012)
takson isimleri ve otorleri az ya da ¢ok degisiklige ugramistir. Bu nedenle makalemizde gegen bazi
taksonlarin adlarinda ve otorlerinde Flora of Turkey adli eserden (Davis, 1972) bazi farkliliklar
bulunmaktadir.

Sistematik ~ 6zelliklerine ~ bakildiginda;  Apiaceae  (Umbelliferae)  familyasinin
siniflandirilmasinda taban yapraklari, ¢igek ve meyve karakterleri kullanilmaktadir. Flora of Turkey'e
(Davis, 1972) gore; dikotiller icinde 0zellikle Apiaceae (Umbelliferae) familyasi cinslerinde sistematik
problemler goriilmektedir. Orneklerin simflandirilmasinda kullamlan kisimlari olmadan toplandiginda
yanlis teshis edilme ihtimali yiiksektir. Ideal teshis 6rneginde taban yapragi, ¢icek, meyva ve tohumun
birlikte bulunmas1 gerekmekte, ancak farkli ¢iceklenme ve tohuma gitme donemleri olmasindan dolay1
bu familya tyeleri icin ¢iceklenme ve tohuma doniisme donemleri igin ayri ayri arazi c¢aligmast
yapilip, 6rnek alinmasimi sart kogmaktadir. Bu durum familyanin belki de en biiyiik sikintis1 olup,
sistematik arastiricilar1 zorlamaktadir.

Tiirkiye bitkileri dikkate alindiginda sanal herbaryumdan Apiaceae familyasini tanitan ve en
cok Tirkiye oOrnegi tasiyan herbaryumun GUL herbaryumu oldugu goriilebilir. Herbaryumun
zenginliginde Akdeniz bolgesinde bulunmasi ¢esitliligi artirmaktadir.

Sistematik agidan O6nemli problemlere haiz olan bu familyanin GUL Herbaryumundan
fotograflariin ve herbaryum &erneklerini yayinlanmasi konuya ilgi duyanlara énemli bir hizmettir.
Hazirlanmakta olan Resimli Tiirkiye Florast adli esere bir katkidir. Taksonomik c¢aligma yapanlara
diizenli ve zengin bir koleksiyondur.

Daha oOnce Ranunculaceae familyasi revize edilip sanal herbaryumdan yayinlanmisti
(Korkmaztiirk, 2011). Ayn1 metodla Apiaceae familyasi da incelenip sanal herbaryuma kaydedilmistir.
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GUL Herbaryumu'nda bulunan Apiaceae (Umbelliferae) familyasina ait 650 civarinda ornegin
incelenmesinde 54 cinse ait 127 tir, 19 alttir ve 6 varyete olmak Uzere toplam 134 takson tespit
edilmistir. Bunlardan 20’1 Tiirkiye i¢cin endemiktir.

GUL' deki Apiaceae (Umbelliferae) familyasinin tiir zenginligi yoniinden en zengin cinsleri,
Bupleurum (8 tiir), Pimpinella (8 tlr), Eryngium (7 tr), Scandix (6 tiir); takson zenginligi y6niinden
en zengin cinsler, Bupleurum (11 takson), Pimpinella (8 takson), Torilis (8 takson), Eryngium (7
takson) olarak belirlenmistir.

Buna gore; GUL Herbaryumu'ndaki Apiaceae (Umbelliferae) familyasi igindeki en ¢ok takson
iceren cins 49 taksonla Bupleurum olup; bunu 28 taksonla Pimpinella ve Ferulago, 22 taksonla
Heracleum ve 21 taksonlaEryngium cinsleri takip etmektedir.

Yapilan incelemeler sonucunda Apiaceae (Umbelliferae) familyasina ait 60 taksonun
Tiirkiye“deki ¢esitli kareler i¢in yeni kayitlar1 asagida listelenmistir:

Al Karesi icin: Heracleum pastinacifolium, Laserpitium hispidum, Turgeniopsis foeniculacea,
Daucus broteri olmak tzere 4 takson,

B4 Karesi icin: Daucus littoralis olmak tizere 1 takson,

B9 Karesi igin: Anthriscus sylvestris, Coriandrum sativum, C. tordylium, Pimpinella corymbosa,
Conium maculatum,  Torilis arvensis subsp. elongata, T. leptophylla, Caucalis platycarpos olmak
Uzere 8 takson,

C3 Karesi icgin: Actinolema eryngioides, Eryngium billardieri, Echinophora orientalis, Chaerophyllum
byzantinum, C. Icucolaenum,  Anthriscus lamprocarpa, Bunium paucifolium var. paucifolium,
Bunium pestalozzae, Pimpinella anisum, P. cappadocica var. cappadocica, P. oliveroides, P.
anthriscoides var. anthriscoides, Seseli peucedanoides, Foeniculum vulgare, Anethum graveolens,
Kundmannia syriaca, Lecokia cretica, Prangos corymbosa, P. platychlaena, P. uechtritzii, Bupleurum
rotundifolium, B. anatolicum, B. commutatum, B. falcatum, Ligusticum alatum, Johrenia porteri, J.
dichotoma subsp. sintenisii, J. polyscias, J. berytea, Ferulago pauciradiata, F. cassia, F. sylvatica,
Ferulago pachyloba, Opopanax chironium, Pastinaca sativa subsp. urens, Malabaila dasyantha,
Heracleum sphondylium subsp. ternatum, H. Antasiaticum, Tordylium macropetalum, T.
hasselquistiae, Torilis arvensis subsp. elongata, T. japonica, T. tenella, Daucus involucratus. Scandix
iberica, Fuernrohria setifolia, Echinophora tenuifolia subsp. sibthorpiana, E. tournefortii,
Astradaucus orientalis olmak Uzere 51 takson olmak Uzere toplam 64 takson belirtilen kareler icin
yeni kayittir.

Tiirkiye’de ‘Gerdeme’ adiyla bilinen Berula erecta familyanin en yaygin taksonudur. Cicuta
virosa Kars-Erzurum taraflarinda yaygin olarak goriiliir. Buna karsilik Daucus. carota tim dlnyada
yetistirilen ve Tiirkiye’de yabani formlari bulunan bir tiirdiir. Daucus broteri ise buna yakin akraba bir
tirdir ve D. littoralis Akdeniz kokenlidirler.

Cymbocarpum erythraeum Tiirkiye’den ilkkez 1. yazar tarafindan Tendiirek dagindan (Van-
Agr1) toplanmis, ancak teshis edilememis, I. Hedge’ye teshis i¢in 1989 yilinda génderilmis, gelen
cevapta; 10. ciltte yer alacag: belirtilmisti. Iran-Turan fitocografya bolgesinin karakteristik
tiirlerindendir. En fazla rezervinin Kesis daginda (Erzincan) oldugu tarafimizdan kaydedilmis ve
ucucu yaginin ekonomik dnemi orta ¢ikarilmistir (Aver ve ark., 2014). Foeniculum vulgare Istranca,
Catalca, Kocaeli, Giiney Marmara, Karadeniz, Ege bolgesi, Adana, Isparta tarafinda yabani olmakla
beraber, ayn1 zamanda kiiltiirii yapilan, ¢esitliligi, ekonomik degeri fazla bir tirdir (Giiner, 2012).

Aethusa cynapium, Eryngium giganteum, E. maritimum, Falcaria falcaroides, Lacer trilobum,
Torilis nodosa, Microsciadium minutum, Peucedanum aegopodioides ile Torylium, Trinia, Zosima
Oliveria, Sium, Orlaya, Sison cinslerine ait herbaryumda bulunan ancak iglemleri tamamlanmamig
ornekler bulunmaktadir. Bu drneklerin toplandig: bilinmekle beraber herbaryum kayitlar1 yoktur. GUL
herbaryumunun giin gectikce materyali zenginlesecek ve dnemi daha da artacaktir.

Taksonlarin ¢ogunda teshis problemi vardir. Bu problem cins, tiir, tiiralt1 kategorilerde olabilir.
Bu nedenle Flora of Turkey’de (Davis, 1972) hem dikotom, hem de ¢ok girisli anahtarlar yapilmistir.
En basit olarak tamidigimizi sandigimiz kiiltiir bitkilerinden rezene (Foeniculum vulgare) dereotu
(Anethum graveolens) ile sistematik olarak karigmaktadir. Her iki tiirtin de kiiltiirti yapilan, dogal olan
popiilasyonlari/bireyleri bulunmaktadir. Ayrica tek yillik, ¢ok yillik, uzun boylu, kisa boylu, sik
yaprakli, seyrek yaprakli gibi formlar1 da vardir. Boyle gruplarin daha detayli ¢alismalarda 6zel
sistematik durumu ortaya ¢ikarilabilir. Daha sonraki ¢aligmalarda bu konulara egilmeyi diisiiniiyoruz.
Oniimiizdeki yillarda viriis salgini sebebiyle tibbi ve aromatik bitkiler; ugucu yaglar ve bitki 6zitleri
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iizerine ¢alismalarin artacagi tahmin edilmektedir. Bu ¢alismalarin ilk basamagi bitkilerin yetistigi
yerler, ilgili trin popiilasyon biiyiikligi, bilimsel teshisi gibi konular olusturacaktir. Bu ¢alisma,
ekonomik amagli ¢aligmalar i¢in Apiaceae familyasinin 6nemli bir temel ¢aligsmasi olarak goriilebilir.
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Abstract: This study investigates aged operators’ willingness to quit operations
and youths’ inclusion in shrimp value chain. Primary data were obtained using
structured questionnaire from randomly selected 120 shrimp operators.
Descriptive and inferential statistical tools were used to analyze collected data.
Demographic result suggests that majority (82.50%) of the operators were female
and (52.50%) acquired secondary education. The finding shows that aged people
(70.83%) dominated shrimp value chain with 29.17% inclusion rate for young
actors. Result of hypothesis testing shows that the average income realized by
youths is significantly higher than the net income realized aged. About 48% of the
aged operators indicated willingness to quit shrimp harvesting in the future due to
the drudgery involved. Incentives such as grants, loans and aquaculture — specific
education should be given to the youth to encourage more participation. Youths
should form important component of government policy and programmes for the
development of shrimp industry in Nigeria.

Nijerya'da Genglerin Karides Yetistiriciligi Deger Zincirine Stratejik Katilim
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Anahtar kelimeler

Yash emek niifusu,

Ele gegirilmis karides deger
zinciri,

Finansal performans,
Genglerin katilim orani.

Oz: Bu calisma yash yetistiricilerin yetistiriciligi birakma istekliligini ve
genclerin karides deger zincirine dahil olmalarimi arastirmaktadir. Birincil
veriler, rastgele secilen 120 karides yetistiricisinden yapilandirilmig anket
kullanilarak elde edilmistir. Toplanan verileri analiz etmek i¢in tanimlayict ve
¢ikarimsal istatistiksel araglar kullanilmistir. Demografik sonug, isletmecilerin
¢ogunlugunun (% 82.50) kadin ve (% 52.50) ortadgretim derecesine Sahip
oldugunu gostermektedir. Dahil olma oraninda yaslilarin (% 70.83) genglere (%
29.17) gore karides deger zincirine egemen oldugunu gostermektedir. Hipotez
testlerinin sonucu, gengler tarafindan gerceklestirilen ortalama gelirin, yaglilarin
gerceklesen net gelirden 6nemli Ol¢iide daha yiliksek oldugunu gostermektedir.
Yasli yetistiricilerin yaklasik% 48'1, soz konusu agir is yiikii nedeniyle gelecekte
karides yetistirciligini birakma istekliligini belirtmistir. Daha fazla katilimi
tesvik etmek i¢in genglere hibe, kredi ve su iiriinleri yetistiriciligine 6zel egitim
gibi tesvikler verilmelidir. Gengler, Nijerya'da karides endiistrisinin gelisimi
icin hiikiimet politikas1 ve programlarinin 6énemli bir bilesenini olusturmalidir.

1. Introduction

Shrimp (Penaus notialis) is of the sub-phylum of crustaceans (Lawal-Are and Akinjogunla,
2012). It is a sea food which is proteinous. It is popularly consumed in Nigeria without cultural barrier.
Shrimp is one of the trending agricultural export products of Nigeria. Over the past one and half
decades, the international trade value of Nigeria shrimp stood at US$12 billion (Bene and Heck,
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2005). At present there, shrimping activities are expected to increase in the industry so as to generate
more revenue.

ﬁ'ff I <t Y
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Figure 1. Shrimp (Penaeus notialis) (Adapted from Anyanwu, et al., 2011).

The beginning of shrimping could be traced to China. About 3 decades ago, China was the
major supplier of shrimp ( Essay UK, 2018). At present, Thailand has been reported as the major
producer of shrimp. It has over-taken China. Asia is presently regarded as the leading supplier in
world shrimp market (Essay UK, 2018). Globally, the aquaculture sub-sector has grown in recent
years, although there is still need to exploit its potential to the fullest. To satisfy the ever growing
demand for shrimps. Achoja, (2019) has made efforts to examine the developing shrimp market in
Nigeria. He independently studied shrimp market chain and shrimp value chain respectively as catalyst
of economic growth in Nigeria.

An estimated population of Nigeria is over 198 million (Daily Post, 2018) with 3.2% as
the annual growth rate. However, few operators between 8.23 to 18.27 million operators
are engaged in shrimp business (Anyanwu, et al., 2011). The socio-economic attributes of the
relevant actors especially age classifications, is important to the growth of shrimp industry in Nigeria.
Therefore youths’ inclusion rate in the labour force for the sector, deserves critical investigation and
policy choices in Nigeria. With its sizeable mangrove and coastal areas, Nigeria has environmentally
advantageous to occupy leading position in the shrimp sub-sector. Ogbonna, (2001) has earlier
lamented that inactive youth participation has been responsible for the slow pace of growth of the sub-
sector in Nigeria. The potential of Nigeria in the industry can further be enhanced through srategic
youth inclusion. The current debates in workshops, conferences and publications on youths as
potential drivers of prosperity in the shrimp industry (Achoja, et al., 2020) has generated impetus for
advocacies and policy frameworks among research experts, government, development agencies,
practitioners and other stakeholders for youth inclusion in the industry. Even at that, there is scarcity
of information on strategies that would attract youth inclusion to the industry. Strategies such as
financial benefits in shrimp business will go a long way to determine youth inclusion in the business.

Financial gain is the pull factor of every business, including shrimping. It is capable of
encouraging new investors in the business (Achoja, 2013). Consequent upon this, the need to critically
examine the financial gain of operators in shrimp business is reasonable. The present study reports the
financial benefits of youths in shrimp business. Financial information can attract more youth inclusion
and thus the progress of shrimp industry. This information is capable of sustaining the investment
interest of current and potential operators in shrimp industry in the future. Furthermore, there are
indications of quitting preferences of aged actors in the sector as reported in recent work (Achoja,
2019). Until this trend is addressed, the sustainability of shrimp sub-sector will be at stake. At present,
strategies for attracting of youths to the shrimpsub-sector has been an understudied issue and
unpopular in Nigeria. This study is an effort to significantly bridge the existing knowledge gap in this
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respect. The present research was therefore designed to deepen our understanding of the aged
operators’ exit rate and subsequent inclusion of youth actors in the shrimp sub-sector.
The main thrust of the paper was to examine strategic youth inclusion as driver of sustainable
shrimp value chain.
i.  Describe the demographic features of operators in shrimp value chain;

ii.  Ascertain the inclusion rate of youth in shrimp value chain.

iii.  Assess the financial gains of aged and young actors;

iv.  Compare the financial performance the aged and young operators.
The following hypothesis was tested in the study:
Hoi:  There is no significant difference between the financial performances of aged and young
operators of shrimp business.

2. Materials and Methods
2.1.Study area, sampling methods and sample size

Delta State, Nigeria was the study area. The survey was conducted in 2018. Delta state was
selected for the research due to the fact that shrimp business is a popular means of livelihood in the
study area. Delta State is a mangrove swamp forest area with yearly rainfall that ranges from 2500mm
to 2800mm. Artisanal shrimp business is a popular economic activity in the area. All the shrimp
business operators were considered as the population of interest for the investigation. A sample frame
for the study was obtained from the extension contact list of shrimp harvesters, processors and dried
shrimp marketers. Systematic sampling method was used to compose the sample. The sample includes
6 communities in the study. In every selected community, 5 shrimp producers, 5 processors and10
marketers were purposively chosen. This gave a sumof 120 respondents.

2.2.Data collection methods and analytical frameworks

Quantitative and qualitative primary data were obtained for the investigation. Structured and
validated questionnaire was the instrument used for data collection. The collected data were analyzed
with descriptive and inferential statistical tools.

The financial performance of operators was determined using profit equation as presented below:
Ni=TR-TC (1)

where:

Ni = Net income (naira)

TR = Total revenue (naira)

TC = Total cost (total variable cost + total fixedcost)

Comparison of the level of profit earned by the young and aged actors was achieved using t-statistics
presented as:

t = W, -MM.
__ SDy SDa__ SDy SDa (2)
Vny Vna oy Vna

Whel’e:ﬂ'ﬂ'y =mean profit of young operators; TTTTa =mean profit of aged operators
SD}F: standard deviation profit of young operators; 5Da= standard deviation profit of aged operators

IY¥ = number of young operators; TEZE = number of aged operators

3. Results
3.1.Descriptive of demographicparameters of operators

The result of demographic parameters of operators is presented in Tablel.
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Table 1. Distribution of demographic parameters of operators.

Parameter Frequency/% CumulativeFreq. Mode
Age

Youth (18-50) 35(29.17) 29.17

Aged (51and above) 85(70.83) 100.00 Aged (51yrs and above)
Gender

Male 21 (17.50) 17.50

Female 99 (82.50) 100.00 female
MaritalStatus

Unmarried 55 (45.83) 45.83

Married 65 (54.17) 100.00 married
Educational level

No formal Education 23 (19.16)

Primary 29 (24.17)

Secondary 63 (52.50) Secondary
Tertiary 5(4.17)

Operating experience

Below 10 years 16 (13.33)

10 — 20 years 48 (40.00)

Above 20 years 56 (46.64) Above 20 years
Income level/week

Less than 4 000 naira 10 (13.33)

4000 - 8 000 naira 62 (40 000) 6 000
Above 10 000 naira 48 (46-67)

Quantity traded

Basket module 55 (45.83)

Sack 65 (54.17) Sack

(Source: 2018 Field Data)
Figures in parenthesis are the corresponding percentage values:

Age: The result showed that majority of the operators in the shrimp value chain were within
the age bracket of 51years and above. The remaining were below 50 years.

Gender: The result of the study indicates that majority of the operators were within the female
category (82.50%) while the remaining were males (17.50%). This is attributed to the fact that females
have more responsibilities and ability for small-scale agricultural business compared to the male
counterparts.

Marital status: The study indicates that above 54.17% of the operators were married, about
(25.83%) were single and (12.50%) were divorced and 7.50% are widowed. The finding shows that
the operators fall within the married category with about (54.17%). This is attributed to the fact that
married people take responsibilities for family and business compared to the rest.

Educational level: The result showed that majority of the operators had acquired at least
secondary education (52.50%) and the remaining were non-formal education (19.16%) primary
(24.17%) tertiary (4.17%).

Operating Experience: The result shows that majority of the operators had below 10 years of
experience (13.33%) while the remaining were 10-20 years (40.00% above 20 years (46.67%)

Income Level: The result in theTable 1 indicated that majority of the operators earned 4 000-8 000
naira (4.00%) while the remaining income level are less than 4 000 (13.33%) and above 10 000
naira(46.67%) income level.

Quantity Traded: The finding indicates that majority of the actors (54.17%) measured their
product in sacks while remaining (45.83%) made use of basket or module.

Table 2 presents the finding on youth inclusion rate in shrimp value chain. The finding shows
that the youth inclusion rate is 29.17%, while the aged actors participation rate is 70.83%. This finding
implies that young people inclusion rate is very low compared to that of aged operators. The finding
implies that the youths were substantially excluded from shrimp sub-sector in Nigeria. Older people
accounted for higher proportion of the work force in shrimp value chain. This result portrays a weak
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work force in the sub-sector. Weak work force can only generate small and slow development of
shrimp value chain.

Table 2.Young people Inclusion Rate in Shrimp Value Chain.

Qz?r(;meter Frequency Inclusion rate
Youth participants (18-45 years) 35 29.17%
Aged participants (46 years and above) 85 70.93%
Total 120 100%

3.3.Aged operators’ willingness to quit shrimp value chain

Table 3.Aged operators willingness to quit shrimp value chain

Aged operators’ Preferences Frequency Quitting preference
Willing to quit 41 48%

Not willing to quit 44 52%

Total 85 100%

Table 3 presents the result of aged operators’ willingness to quit shrimp value chain in the
study area. About 48% (41) of the aged operators indicated interest in quiting shrimp harvesting in the
wild due to the strenuous labour involved.
3.4.Profit performance of youths and aged operators

Table 4.Financial performance of agedoperators

S/No. Operators Total Revenue  Investment (Total Net Income Net return/investment ratio
cost)
1. Input suppliers 30 000 14 400 15 600 1.08
2. Producers N70500 10 300 N60 200 5.84
3. Processors N40 250 4050 N36 200 8.93
4. Marketers
Wholesalers N42 300 23500 N18 500 0.80
Retailers N35 700 16 950 N18 750 1.11

Note: N is the symbol for Nigerian national currency (US$1 = N360).
Aged= 15 600 + 36 200 + 18 800 + 18 750 =  N149 550

)
= N9 910.
Table 5.Financial performance of young operators
S/No. Operators Total Revenue  Investment (Total Net Income Net return/investment ratio
cost)
1. Inputsuppliers 37070 11570 N20 520 1.77
2. Producers N98 070 10 300 N73 200 7.86
3 Processors N56 675 16 600 N40 075 241
4. Marketers
Wholesalers N50 620 13670 N26 950 2.70
Retailers N30 500 14 500 N24 000 1.66

Note: N is the symbol for Nigerian national currency (US$1 = N¥360).
Youth =20 500 + 78 600 + 40 075 + 36 950 + 24 000 — 200 125
5
= N40 025
Tables 4 and 5 present the financial performance of aged and young actors in shrimp industry.
The finding reveals that the aged actors realized mean income of N9,910 per month while the youths
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in shrimp business earned a mean income of N40,025 per month. This finding suggests that the few
youths involved in the shrimp business earned larger income than the aged actors.

3.5.Comparison of financial performance the aged and young operators

Table 5.HypothesisTesting

Variables Mean N SD Df t Remark
Young actors 40 025 112570 35 94.69 Significant
Aged actors 9910 85

Table 5 shows the result of hypothesis testing of the significant difference in income of youths
and aged operators in the value chain. The t-statistics (94.69) implies that the mean income earned by
youths is significantly (p<0.01) higher than the income of aged work force in the shrimp value chain.
This result could be attributed to the fact that the youths have more physical strength and are educated.

4. Discussion and Conclusion

The main thrust of this research was to investigate how strategic young people inclusion in
shrimp value chain could affect the overall financial performance of the shrimp industry.

The aged operators’ decision to quit shrimp harvesting in the deep sea could be due to the
strenuous labour involved. As they grow older, their productivity/man hour per day and shrimp output
get reduced. This is a potential threat to the development of captured-shrimp value chain in the near
future. This findings is similar to Guo, et al (2015) who reported a similar trend in the agricultural
labour population in China. The strength and resourcefulness of youths could have enable them
achieve more productivity and financial reward in shrimp value chain. The dual effects of physical
strength and education must have contributed to better financial performance. This finding agrees with
Omodafe, (2018) who reported that youths possess better human capital to perform better in
aquaculture related business in the study area. He concluded that youths will be more productive and
contribute to the development of the aquaculture industry, if they are supported. Youth participants
out-performed the aged operators in terms of financial performance. Saiyut et al. (2017) had obtained
similar result that aged labourforcea bove 50 years tend to increase technical inefficiency while
labourforce of 15 — 50 increase technical efficiency in Thai agriculture. They advocated the
formulation of public sector policy to encourage young people involvement in agriculture. The youth
operators contributed more to the Gross Domestic Product (GDP). Also the operators channeled more
money to total amount of money in circulation. This result has implications for the overall
development and growth of Nigerian economy. Youths are both important agents and beneficiaries of
economic growth and development. Youths should occupy important position in the government
development policy and programmes for the Nigerian shrimp sub-sector. We recommend that more
young people should be given incentives such as loans, grants and input subsidy to encourage their
smart inclusion in shrimp value chain.

It is important to note that the results of the study are specific to the Nigerian shrimp value
chain. That notwithstanding, the results can be domesticated as a template for shrimp value chain
development in locations that share demographic homogeneity with Nigeria.
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Abstract: In this study forty women were chosen from Gezira state, Sudan to
study the effect of the poultry production in their development situation, the
samples under study were chosen mainly from Wad Madani town and its
adjacent villages. Close-ended questionnaire of 16 questions was developed, and
classified to address certain issues. The findings were analyzed using SPSS
revealed that, 40% of the women who raise poultry were in the age limit of 30-
39 years, 60% of them their education level was secondary school or university,
which indicates that the level of education was an important factor in women
attitudes to adopt poultry production to increase their income and that the
majority of the respondents (65%), were married, 35% of their farm size was 51-
100 birds. The study revealed that 57.5% of the respondents totally depends on
poultry production, and that 82.5% of 40 respondents poultry income contribute
in their kid's education, 95% of 40 respondents poultry income contribute in their
family essential needs, and that 92.5% of 40 respondents poultry income
contribute in their family welfare. No significant relationship between the total
income from poultry production and the respondent’s age, their level of
education, and their marital status, was found. Also no significant relationship
between the total income from poultry production and the respondent’spoultry
contribution in their children education, in the family welfare, and its
contribution in the family need was found.
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Makale Bilgileri

Gelis: 03.11.2019

Kabul: 02.03.2020

Online Yaymlanma 31.03.2020
DOI:10.29133/yyutbd.641942

Anahtar kelimeler

Gelir,

Kiimes hayvanlari,
Kirsal kalkinma,
Kadinin giiclendirilmesi.

Oz: Bu calismada, kiimes hayvani iiretiminin kadimnlarin gelisme durumundaki
etkisini incelemek icin, Sudan Gezira eyaletinden, Wad Madani kasabasi ve
bitisik koylerinden, kirk kadin secilmistir. 16 sorudan olusan yakin uclu anket
gelistirilmis ve belirli konular ele almak igin siniflandirilmistir. Bulgular SPSS
kullanilarak analiz edilmistir. Kiimes hayvani yetistiren kadinlarin % 40'min 30-
39 yas siirinda oldugu; % 60'min egitim seviyesinin ortadgretim veya universite
oldugu; bunun egitim diizeyinin gelirlerini artirmak i¢in kiimes hayvani tiretimini
benimseme tutumunda 6nemli bir faktor oldugunu; katilimeilarin gogunlugunun
(% 65) evli oldugu ve giftliklerinin% 35'inin 51-100 kiimes hayvanina sahip
oldugu bulunmustur. Calisma, katithmcilarm % 57,5’inin tamamen kiimes
hayvani iiretimine bagh oldugunu ve katilimcilarin % 82,5’ininkanatlh geliri ile
cocuklarinin egitimine katkida bulundugunu; katilimcilarin % 95'inin aile temel
ihtiyaglarina katkida bulundugunu ve ankete katilanlardan %92,5’nin kimes
hayvanlarinin geliri aile refahma katkida bulundugunu gostermistir. Kanatl
hayvan {iretiminden elde edilen toplam gelir ile katilimcinin yasi, egitim
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diizeyleri ve medeni durumlart arasinda anlamli bir iligki bulunmamistir. Ayrica,
kiimes hayvani iiretiminden elde edilen toplam gelir ile katilimcinin ¢ocuklarinin
egitimine, aile refahina katkisi ve aile ihtiyacina katkist arasinda anlamli bir iliski
bulunmamastir.

1. Introduction

Women first initiated agricultural practices and demonstrated the art of science of farming.
Women played a key role in the conservation of basic support system (Munmun et al., 2015). Poultry
production is a popular activity among rural women in most countries. It can provide meat and eggs for the
family, a small and fairly regular source of cash, manure for crop production, feathers, and items for
traditional rituals and gifts for friends. Rural women in particular are responsible for half of the world's
food production and produce between 60 and 80 percent of the food in most developing countries. Yet,
despite their contribution to global food security, women farmers are frequently underestimate\d and
overlooked in development strategies (FAO, 2008).

Despite their considerable involvement and contribution, women’s role in livestock production has
often been underestimated or, badly ignored. Livestock species, such as chicken, and poultry are more
valuable. Regarding the gender divisions, usually women take care of small animals that live around the
house, chicken, and men of the others, goats, buffalos, horses and cattle (Bettencourt et al. 2015). Despite
the increasing awareness of the great potentials of women in development, women all over developing
countries still face the age-old problems of neglect, inequality, lack of access to productive resources and
dependency on men. It is sad to note that despite the level of civilization in the world, gender inequality
and disparities between men and women are still prominent in many developing countries. Empowerment
is a process in each woman’s life but is also a process occurring over time in a society (Golmohammadi,
(2018). Yavuz et al. (2018a) determined Turkish women participation rate in agriculture production
activities in Northeast Anatolia, they investigated the socio economic and demographic factors which are
affecting women participation in agriculture production activities. Their results showed that 31.1% of
respondents are over 51 years old, 51.7% is primary school graduate, 90.3% is married and 86.39% of the
women participated in agricultural production. Their results also showed that women are sufficiently
participated in agricultural activities. Yavuz et al. (2018b) investigated the role of 360 Turkish rural
women in Erzurum, Erzincan and Bayburt provinces in decision making and features affecting the
participation to the process. Their results of the study revealed that, being aged, being married and widow,
being trained related to profession, being asked their ideas in family affairs, taking part in selling what
produced affect the participation to decision making positively, while non-literate bigger farm size and
having all income from agriculture affect the participation negatively.

Women in Sudan represent 45% of the farmers in the irrigated sector and 57% in rain fed
traditional sector, Agricultural production (farm and livestock products) with supplemental resources and
substitute resources represent the available resources for the household food consumption in rural Sudan.
Income generating activities along with other possible income sources (cash crops, trees products, pension,
assets, remittance from migrants, and savings sources) provide household with income to afford foods
(Ibnouf, 2009). Poultry rearing at household level has not much enhanced the overall household income
yet plays role in contributing to sustain household economy. Besides being healthy and nutritious source
of food, it somehow contributes in securing dietary needs especially of the young ones. It has made the
women self-employed, more confident, socially empowered and more valued not only in their families but
also in their community (Abbas and Zeeshan, 2015). The study aims to study the role of poultry raising in
women empowerment, and how it provides additional income for the family, and helps in children
education, and welfare of the family.

2. Materials and Methods
2.1. Research desigh and methodology

This study was conducted in Gezira state, Wad Madani town, and some villages around (Atra,
Eleribab, Fadasi and Um sonut). The target groups in this study were all women. A sample of 40 women

205



YYU TAR BIiL DERG (YYU J AGR SCI)30 (1): 204-210
Mohammedet al./Thelmpact of PoultryProduction on Empowering of RuralWomen Development

was selected randomly in Wad Madani town and some village (Atra, Eleribab, Fadasi and Um sonut)
round it in Gezira state. Home visits were used as research method. Close-ended questionnaire of 16
guestions was developed, and classified to address certain issues. Four questions address the personal
characteristic like name, age, level of education, and marital status. One question addresses the source of
family income, one for number of family children, question for kind of poultry whether for meat or egg
production and one for size of the farm. The questionnaire was pilot tested before dissemination to the
women. The findings were analyzed statistically.

2.2. Statistical analysis

Data were coded to feed to computer and were analyzed by statistical package for social science
(SPSS) for calculation for frequency distribution and simple descriptive statistics and Chi-square test were
used to determine some factors affecting.

3. Results and Discussion
3.1. Description of women by personal characteristic and situation

The purpose of this part is to describe the women in terms of the following characteristics: Age,
educational level, marital status, family size, family income, farm size, source of information, how poultry
raising income contributes in children education, family needs, and family welfare. Results were tabulated
by categories in frequency counts and percentages to show the effect of poultry production among women
of Gezira state, Sudan.

3.1.1. Age

The women were asked about their age and their answers showed that 40% of the women who
raised poultry were in the age limit of 30-39 years, that is simply because women under this age were
economically belong to their families, and also we can say that in the latest few years no enough chances
for graduated women to find suitable jobs that suit their qualification while the majority of the respondents
being in the age limit of 30-49 years. Chi-square was used to test the association between total income
from poultry production and respondents age (Table 1). The table shows that there is nos ignificant
relationship between the total income from poultry production and the respondent’s age at the probability
of 0.05 or less value of 0.629.

Table 1. Tabulated association level (Chi-Square tests) between total income from poultry production and
respondents age.

Age
Income 20-29 30-39 40-49 50-59 <59 Sig.*
<9,000SD 0.2 3.0 2.4 1.8 0.6
9,100-15,000SD 0.2 3.0 2.4 1.8 0.6
15100-20,000SD 0.3 3.8 3.0 2.3 0.8 0.629
>20,000SD 0.4 5.3 4.2 3.2 1.0

* At significance level of 0.05
3.1.2. Level of education

The Women were asked about their level of education and their answers revealed that, more than
62.5% of the respondent’s education level was secondary school or university, which indicates that the
level of education was an important factor in women attitudes to adopt poultry production to increase their
income, also we can say that in latest few years no enough chances for graduated women to find suitable
job that suit their specialization. This also reflects that the adoption of poultry production was increased
with the level of education. Chi-square was used to test the association, between total income from poultry
production and respondents level of education (Table 2).The table shows that there is no significant
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association between the total income from poultry production and the respondent’s education level at the
probability level 0.05 or less.

Table 2. Tabulated association level (Chi-Square tests) between total income from poultry production and
respondents level of education.

Level of education

Income Literate  Khalwa Primary Intermediate Secondary University Sig.
school school school

>9,000sD 04 0.2 1.2 1.0 2.6 2.6 0.062

9100-15000S 0.4 0.2 1.0 0.9 2.3 2.3

15100-20000 0.6 0.3 1.7 1.4 3.6 3.6

3.1.3. Social status

The women were asked about their social status and their answers were shown in the table below:
Table (3) shows that the majority of the respondents (65%) were married, while 20% of the respondents
were unmarried and 12.5% was widow and 2.5 were divorced. This shows how women are willing to
share in the household economic because of the economy deterioration that affects the Sudanese life
during the last two decades.

Table 3. Tabulated association level (Chi-Square tests) between total income from poultry production and
respondents marital status.

Marital status

Income Married Divorced Widow Unmarried Sig.
>9,000 SD 5.2 0.2 1.0 1.6
9,100-15,000 SD 5.2 0.2 1.0 1.6 0.0159
15,100-20,000 SD 6.5 0.7 1.3 2.0
<20,000 SD 9.1 0.4 1.8 2.8

Table (3) shows that, there is no significant relationship between the total income from poultry
production and the respondent’s marital status at the probability level 0.05 or less.

3.1.4. Family Size
The women were asked about the size of their family and their answers were shown by Table (4).
Table (4) shows that 42% of the respondents have 5-7 family members, while 40% of them have 2-4

family members and 17.5% have large family members.

Table 4. Tabulated association level (Chi-Square tests) between total income from poultry production and
respondents farm size

Farm size/bird

Income 10-50 51-100 101-200 <200 Sig.
>9,000SD 2.0 2.6 1.4 2.0 0.000**
9,000-15,000SD 2.5 3.3 1.8 2.5

15,100-20,000SD 2.0 2.6 1.4 2.0

<20,000SD 3.5 4.6 2.4 3.5

Table (4) shows that there is a very highly significant relationship between the total income from
poultry production and the respondent farm size at the probability level 0.05 or less.

3.1.5. Source of income

The women were asked about their source of income and the following table showed their
answers: Table (5) shows that, 37% of the respondents depend on their own job beside their husband’s job
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while 20% of them depend on other sources of income like donations from their relatives. This is probably
because the income earned from their jobs is not enough to meet their needs.

Table 5. Tabulated association level (Chi-Square tests) between total income from poultry production of
the respondents and its contribution in their children education.

Association between total income from poultry production of the respondents and its
contribution in their children education

Income 25% 50% 75% <75% No contribution Sig.
>9,000 3.4 1.2 1.0 1.2 1.2 0.233
9,100-15,000 3.4 1.2 1.0 1.2 1.2
15,100-20,000 4.3 15 13 15 15
<20,000 5.9 2.1 1.8 2.1 2.1

Table 5 shows that there is no significant relationship between total income from poultry
production and its contribution in their children education at the probability level 0.05 or less.

3. 1.6. Purpose of poultry raising

The women were asked about their kind of poultry produce and their answers showed that, all the
respondents were raising poultry for egg production this may be for its long egg production cycle and the
availability of the consumers.

3.1.7. Farm Size

The women were asked about their size of the farm and their answers showed that 35% of
respondents the farm size was from 51 to 100 birds, 27.5% of respondents the farm size was from 10 to 50,
while 25.0% of respondents the farm size was more than 200, 12.5% of respondents the farm size was
from 101 to 200 bird, this also means that size of the farm depend on the availability of total income to the
woman.

3.1.8. Source of information

The women were asked about their source of information and their answers revealed that, the
majority of the respondents obtained their information from veterinarian extension, and 22.5 of the
respondents depend on their own knowledge. A few of them said they obtained their information from
their friends and neighbors TV, Newspaper and magazine. None of them obtained their information from
radio or research station, although radio is a good media to transfer information.

3.1.9. Monthly poultry income

The women were asked about their monthly poultry income and their answers showed that 32% of
the respondents gained more than 20,000 SD, while 25% gained 15,100-20,000 SD and 22.5% of the
respondents gained 9,100-15,000 SD and 20% of the respondents gained less than 9,100 SD. This high
percentage shows that poultry production is one of the best ways for rural women to gain money.

3.2. Contribution of poultry in children education, family needs, and family welfare
3.2.1. Monthly income other than poultry and poultry raising experience

The women were asked about their source of monthly income other than poultry and their answers
showed that 57.5% of the respondents totally depend on poultry production as main source of income,
20% of them gained monthly 9,100- 15,000 SD from sources other than poultry, while 10% gained
15,100-20,000 SD, and 5.0% gained more than 20,000SD, and 7.5% gained less than 9,000SD.This
showed that the majority of the respondents depend totally on the poultry production as a main source of
income. The women were asked about their poultry raising experience and their answers showed that 50%
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of respondents have more than three years experience in poultry production, while 37.5% have 1-3 years,
12.5% have less than one year. This reveals the interest of women to produce poultry.

3.2.2. Family children level of education and contribution of poultry in children education

The women were asked about their children level of education and their answers showed that 42%
of respondents’ children were at elementary school level, while 36% at university and 22% at secondary
school. The women were asked about the contribution of poultry income in children education, and their
answers showed that 54.5% of the respondents poultry income contribute in their children education by
25% of the total income, and 18.2% of the respondent poultry production contribute in education by both
50% and 75%, while 9.1% of the respondents of poultry production contribute by more than 75% of the
total income their children. This reveals the big role of poultry income in children education. Some of the
respondents said that the main purpose of poultry raising is to provide learning their children. Poultry
production under the control of rural women, can preferentially benefit them, promoting their
empowerment and is also more likely to be used to support their children education (Wong et al. 2017).

3.2.3. Contribution of poultry production income in family essential needs expenses

The women were asked about the contribution of poultry income in their essential needs and their
answers showed that 52.6% of the respondents poultry production income contribute in their family
essential needs by 25% of their total income, and 18.4% of the respondent’s poultry production income
contribute in their family essential needs by 50% and 75% respectively, while only 10.6% of the
respondents of poultry contribute in their family needs by more than 75%. This means that some of
respondents depend totally on the income gain from poultry in their essential needs. The total income and
family need were shown in Table (6) this table shows that there is no significant relationship, between
total income from poultry production, and its contribution in the family need at the probability level 0.05
or less. Fattah (2000) reported that, poultry keeping provides a chance to women for self-employment
which may lead her towards income generation and a better standard of living eventually. Poultry is a
good source of income for women especially who want to work by staying at their home doing other
household chores aside (Fattah, 2000).

Table 6. Tabulated association level (Chi-Square tests) between total income from poultry production of
the respondents, and its contribution in their family need expenses

Family need
Income 25% 50% 75% <75% No contribution Sig.
<9,000 SD 4.0 1.4 1.2 1.2 0.2
9100-15000 SD 4.0 1.4 1.2 1.2 0.2 0.442
15100-2000 SD 5.0 1.8 15 15 0.3 '
<20,000 SD 7.0 2.4 2.1 2.1 0.4

3.2.4. The contribution of poultry production income in raising family welfare

The women were asked about the contribution of the income coming from poultry in the family
welfare and their answers were showed that 59.5% of the respondents of poultry producers contribute in
their family welfare by 25% of their total income, and 10.8% of the respondents of poultry producers
contribute in their family welfare by 50% and 8% of the respondents of poultry producers contribute in
their family welfare by 75% of their total income, while only 21.6% of the respondents contribute in their
family needs by more than 75%. Table (7) shows that there is no significant relationship, between total
income from poultry production, and its contribution in the family welfare at the significance level 0.05 or
less. Abbas, and Zeeshan (2015) reported that, poultry keeping made the women self-employed, more
confident, socially empowered and more valued not only in their families but also in their community
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Table 7. Tabulated association level (Chi-Square tests) between total income from poultry production of
the respondents, and its contribution in their family welfare.

Family welfare

Income 25% 50% 75% <75% No contribution Sig.
<9,000 SD 3.8 1.0 0.8 14 1.0 0.503
9100-15000 SD 3.8 1.0 0.8 1.4 1.0
15100-20000 SD 4.8 13 1.0 1.8 4.8
<20,000 SD 6.7 1.8 1.4 2.4 6.7

4, Conclusions

There is no significant relationship between the total income from poultry production and the
respondent’s age, their level of education, and their marital status, was found. There no significant
relationship between the total income from poultry production and the respondent’spoultry contribution in
their children education, in the family welfare, while there is a contribution of poultry raising income in
family needs. There is a very highly significant relationship between the total income from poultry
production and the respondent farm size.
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Abstract: Nowadays, it is accepted that climate change can threaten food safety.
Losses in production areas due to climate change have the potential to create
major devastating effects. In agricultural areas, rapid and effective measures
should be taken against climate parameters that are not under human control. For
this purpose, approaches such as precision or smart agriculture are becoming
widespread. Low cost microcontroller-based devices that can help to take the
necessary measures by rapidly measuring the basic climate parameters are gaining
importance especially in the lands of small scale agricultural enterprises. For this
purpose, developed a customizable and re-programmable datalogger system
which can measure the basic meteorological values for agricultural purposes
under field conditions with low-cost parts. The system consist of an Ardunio
UNO R3 microcontroller card, a Bosch Sensortech BME280 integrated
environmental sensor, a data storage unit, a LCD and an USB supported battery
unit which allows the system to be used as a portable. The BME280 sensor is
widely used in scientific studies, can measure air pressure, relative humidity and
temperature, and communicate with microcontrollers. For the operation of the
system, a software was developed in Arduino IDE (Internal Development
Environment) and installed on microcontroller of Arduino UNO R3. The system
was left on outdoor conditions with a top cover for one week in spring and one
week in summer and it was found that it could record data continuously for one
hour intervals.
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Oz: Giiniimiizde, iklim degisikliginin gida giivenligini tehdit edebilecegi kabul
edilmektedir. Tklim degisikliginden dolay1 iiretim alanlarindaki kayiplar biiyiik
yikict etkiler yaratma potansiyeline sahiptir. Tarimsal alanlarda, insan
kontrolinde olmayan iklim parametrelerine karst hizli ve etkili Onlemler
almmalidir. Bu amagla hassas veya akilli tarim gibi yaklagimlar
yaygmlasmaktadir. Ozellikle kiigiik 6lgekli tarim isletmelerinin arazileri igin
temel iklim parametrelerini hizla Olgerek gerekli Onlemlerin alinmasina
yardimer olabilecek diisiik maliyetli mikrodenetleyici tabanli cihazlar giderek
onem kazanmaktadir. Bu nedenle, tarimsal amaclar i¢in temel meteorolojik
degerleri diisiik maliyetli pargalarla tarla kosullarinda 6lgebilen 6zellestirilebilir
ve yeniden programlanabilir bir veri kaydedici sistem gelistirilmistir. Sistem bir
Ardunio UNO R3 mikrodenetleyici karti, bir Bosch Sensortech BME280
entegre ¢evre sensoril, bir veri depolama birimi, bir LCD ve sistemin tasinabilir
olarak kullanilmasini saglayan USB destekli bir pil biriminden olusur. BME280
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sensori bilimsel ¢aligmalarda yaygin olarak kullanilmakta, hava basincini, bagil
nemi ve sicakhgi Olgebilmekte ve  mikrodenetleyicilerle iletisim
kurabilmektedir. Sistemin calismasi i¢in Arduino IDE'de (D&hili Geligtirme
Ortam1) bir yazilim gelistirilmis ve Arduino UNO R3'de bulunan
mikrodenetleyiciye kurulmustur. Sistem ilkbaharda bir hafta ve yazmn bir hafta
boyunca, (zerine koruyucu bir muhafaza konularak dis mekan kosullarinda
birakilmig ve bir saat araliklarla siirekli veri kaydedebildigi bulunmustur.

**Parts of this research were presented as an oral presentation at the "Natural Nutrition, Healthy Life & Sport
2019" congress held on 02-06 October 2019 in Ankara.

1. Introduction

Nowadays, it is accepted that climate change can threaten food safety. Losses in production
areas due to climate change have the potential to create major devastating effects. In agricultural areas,
rapid and effective measures should be taken against climate parameters that are not under human
control. For this purpose, approaches such as precision or smart agriculture are becoming widespread.

Farmers make their production planning under uncertainty conditions due to the difficulty of
predicting many factors such as weather conditions, yield levels, crop prices, agricultural inputs, food
demand, and production costs. Measurements of weather conditions from these factors can be used for
estimations (Ciftci et al., 2019).

Low cost microcontroller-based devices that can help to take the necessary measures by
rapidly measuring the basic climate parameters are gaining importance especially in the lands of small
scale agricultural enterprises. Various data are needed in all agricultural processes to keep production
under control. Collecting, transmitting and analyzing data from the field such as temperature,
precipitation, air humidity, soil moisture and nutrient levels is an important problem.

For decades, humanity has tried various methodologies in the field of agriculture, since
adopting newer techniques to meet the needs of the growing population has become a necessity.
Therefore, in the age of technology, modern agricultural methods are developing rapidly (Ramya et
al., 2017). The use and spread of information and communication technologies (ICTs) as a means to
support agriculture and agricultural production has been particularly important in the last decade.
Examples of these technologies include multiple hardware and software applications that provide
services to reduce the effects of diseases and pests in crops, as well as real-time monitoring of weather
conditions and water quality parameters for farming. Some of the issues that data analytics and big
data solutions in agriculture can help solve; providing sustainable supply, increasing productivity, cost
reduction and risk management (Corrales et al., 2018).

Spatial and temporal variability are taken into account in precision agriculture which is widely
used in fields such as planting, fertilizing, pest control, weed and disease management, harvesting and
irrigation (Jimenez et al., 2018). Current and upcoming weather forecasts play a very important role,
from large companies to individuals. It generally uses data provided by national weather organizations
to counter the adverse effects of weather conditions on daily activities in each country. Unfortunately,
this data gives an average estimate for a particular area of interest (Pietraru et al., 2018).

Local weather prediction is necessary for many areas of activity. But it is known that, because
of the confused attitude of the atmosphere, weather forecasts can be rather uncertain. Many efforts
have taken by meteorologists to improve the quality of the weather forecasts, but forecasts of weather
variables remain vague. Weather forecasts can be major importance especially for designate control
strategies are used to controlling agricultural systems. Furthermore in the agriculture the
understanding of the intercourse between weather evolution and the interchange of soil parameters can
only be done by local measurements (Doeswijk and Keesman, 2005). The inadequacy of air
monitoring systems in developing low-income countries adversely affects the management of natural
resources and associated risks (Strigaro et al., 2019).

Physiological processes in plants such as photosynthesis, respiration, leaf growth and seed
germination are all affected by temperature. Also air humidity is important in the functioning of a
plant, as it determines the rate of water loss in sweating and has a direct effect on many plants'
stomata. Stomata tend to close in dry air, thereby limiting water loss but also reducing CO,
assimilation (Jones, 2013). In meteorology, the humidity of the air is often referred to as relative
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humidity. Relative humidity is the ratio of the amount of water vapor present in the air to the amount
of water vapor that will saturate the same air and it's expressed in percent (Akman, 2011). Air pressure
directly affects cells and organelles in leaves also the diffusion coefficients and degrees of solubility of
CO; and O, (Takeishi et al., 2013).

Dataloggers are electronic devices that record data from sensors at specified time intervals.
They are generally used as a datalogger system consisting of microprocessor, memory and sensors.
Being mobile because of their small size is one of the advantages of a datalogger system. Another
advantage is the feature of automatically collecting data without human surveillance for a long time.
Datalogger systems are designed according to the needs of the specific environments or applications
(Kale, 2015). In addition, they can be used in remote areas or dangerous situations. They are more
accurate because there is no possibility of human error when recording. With the help of graphics
obtained from their records, they help to better understand scientific experiments and scientific
concepts (Anonymous, 2020).

Although they have important advantages, dataloggers have some disadvantages. They are
expensive and their initial investment costs are high for small businesses. Usually they do not have all
the features required by the user, so changes may be required in the software or application. Some data
may be lost or not saved if they fail. Some dataloggers can only take readings in the initially
configured fixed intervals. In addition, basic training is required to use them (Anonymous, 2020).

Devices that convert physical quantities into the form of electrical signals are called sensors.
These quantities can be heat, humidity, motion, pressure, light, etc. (Joshi, 2016). Microcontrollers
(MCs) are integrated circuits (ICs) designed specifically for monitoring and control tasks, including all
components that enable them to operate independently (Gridling & Weiss, 2007). Microcontrollers
can also be described as single chip microcomputers and are also suitable for automation of machines
and processes. A typical microcontroller consists of a single IC and has a central processing unit
(CPU), input/output (I/O) and serial ports, timers, counters, analog-to-digital converters (ADCSs),
digital-to-analog converters (DACS), interrupt logic unit, oscillator circuit and so on. The benefits of
having all units in one chip; the smaller size of the control board, lower power consumption, more
reliable operation capability and ease of integration in application designs. Designers can focus on
applications and development aspects rather than dealing with complex interfaces of peripherals,
because microcontrollers reduce automation costs and offer greater flexibility. Thanks to their data
processing and memory capability microcontrollers can be programmed to make various systems to be
intelligent. After learning about the use of a microcontroller family, it is possible to switch from other
brands to other microcontroller families. Intel’s MCS family, Motorola’s 68HC12 family and
Microchip’s PIC (peripheral interface controller) family are examples of commonly used
microcontrollers (Deshmukh, 2007).

Arduino, is a physical programming platform that uses Atmel AVR microcontrollers and has a
variety of digital and analogue inputs and outputs. An Arduino card's microcontroller has a pre-
installed bootloader software. These development cards can be used to evaluate analog and digital
signals from sensors used for a variety of purposes. These evaluation results can be used as input for
other systems. It is necessary to select the most appropriate arduino card before working (Beyaz ve
Beyaz, 2015). The Arduino hardware, which is an open source platform, has many clones and special
purpose cards (D’Ausilio, 2012).

According to D’Ausilio (2012), Arduino UNO R3 is the right platform for some laboratory
tests. The most important advantage of the Arduino is that hardware schemes and source codes are
available free of charge for many projects in the developing large open source community, forums,
and mailing lists. Arduino UNO R3 microcontroller card have an Atmel ATmega328 microcontroller.
ATmega328 has 14 digital 1/0O pins and six analog inputs. The card can be powered with a USB
(Universal Serial Bus) connection or an external DC power supply.

The BME280 is an integrated environmental sensor with low power consumption (3.6 pA in
1Hz) and small dimensions (2.5%2.5x0.96 mm) and was developed by Bosch Sensortec especially for
mobile applications. The sensor can measure relative humidity (0 to 100%), air temperature (-40 to
85°C) and air pressure (300 to 1100 hPa) at 1 second intervals (Makukha and Yagodkina 2016).

Valenzuela et al. (2018) have worked to develop an Arduino-based system for wireless sensor
networks that could be used for future agricultural monitoring purposes. They used the BME280
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sensor for temperature, humidity and air pressure measurements in the system. They have stated that
the system is cost-effective and programmable using Arduino IDE directly.

Sudantha et al. (2018) have developed an open source environment monitoring system (EMS)
based on Arduino Mega2560. The parameters measured by the system are solar radiation, wind
direction and speed, air temperature, precipitation, relative humidity, soil moisture and air pressure.
They used BME280 sensor for humidity and air pressure measurements. They placed 27 samples of
this system in different locations in Sri Lanka and made measurements from March 2018 to July 2018.
They used Davis Vantage Pro-2 stations as reference stations to check the accuracy of the developed
system.

Strigaro et al. (2019) have developed arduino based fully open architecture and low-cost
weather monitoring system for low-income and developing countries. They used the BME280 sensor
for temperature, humidity and air pressure measurements in their research. They tested the system for
an 8-month period and compared the observations with an authorized weather station nearby. They
have reported that the system collects data of appropriate quality for natural resource and risk
management.

2. Materials and Methods

Due to dataloggers disadvantages, it is important to develop low-cost, user-customizable and
re-programmable datalogger systems for specific purposes in order to record the desired parameters
for agriculture. In this scope, develop a customizable and re-programmable datalogger system which
can measure the basic meteorological values for agricultural purposes under field conditions with low-
cost parts was the main scope of the study. For this purpose, an Arduino UNO R3 (Figure 1) was
chosen as the microcontroller board used in the developed system (Figure 2). Similarly a BME280
module (Figure 3) was chosen because it can collect air temperature, relative humidity and air pressure
values in a single module. In addition to the Arduino UNO R3 and the BME280, the system consists
of a storage unit (SD memory card), a character LCD and an USB powered battery unit that allows the
system to be used as portable. All parts of the system are chosen at low-cost.

Figure 1. Arduino Uno R3 card.
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Figure 2. The developed system.
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Figure 3. The BME-280 sensor module.

A microcontroller software was developed in Arduino IDE (Internal Development
Environment) with the C/C++ programming language and installed in the Arduino UNO R3's
Atmega328 microcontroller to enable the system to record data at one hour intervals. Microcontrollers
are designed to work continuously and therefore their software is prepared in the form of an "infinite
loop". The software developed is also programmed to run continuously in an "infinite loop".

After switching on the Arduino, the data is first received from the BME280, then displayed on
the LCD and finally written to the SD card, and then the same cycle is repeated once every hour. The
one-hour intervals are provided using the Arduino's internal timer function.

The developed low-cost system was placed at a distance of about 200 meters from Haymana
Tarim Meteorological Station (Figure 4) and it was left on outdoor conditions with a protective top
cover for one week in spring and one week in summer seasons. ICAO call sign of the station is HTRM
and its geographical position is 39°36'46.84"N, 32°40'19.27"E.

Figure 4. Haymana tarim meteorological station.

The air pressure, relative humidity and air temperature data obtained from Haymana Tarim
Meteorological Station (HTMS) in the spring and summer periods and data obtained from the low-cost
system (LCS) in the same periods were compared with regression analysis. Regression models were
formed by comparing the results of the regression equations and the measurement.

3. Results

During the development phase and the fieldwork period, it was observed that the system was
able to continuously record data on the data storage unit at one hour intervals, as determined in the
software. The data obtained from HTMS and the data obtained from the LCS were compared with the
regression analysis.
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One week measurement period in spring season, the regression value of air temperature,
relative humidity and air pressure values between the HTMS and the LCS found as 90.9%, 92.8% and

85.3% and can be seen in Figure 5-7 respectively.
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Figure 5. Air temperature measurements between HTMS and the LCS in spring.
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Figure 6. Air pressure measurements between HTMS and the LCS in spring.
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Figure 7. Relative humidity (%) measurements between between HTMS and the LCS in spring.
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Similarly, one week measurement period in summer season, the regression value of air
temperature, relative humidity and air pressure values between the HTMS and the LCS found as
92.6%, 89.9% and 83.8% and can be seen in Figure 8-10 respectively.

Fitted Line Plot (Air Temperature-Celcius)

HTMS = 1,324 +0,9227 LCS

26

244

22 1

20

18 4

Haymana Tarim Meteorological Station (HTMS)

Low-Cost System (LCS)

15 16 18 20 it 24 26 28

5 1,01670
R-Sq 52,6%
R-Sqladj)  926%

Figure 8. Air temperature measurements between between HTMS and the LCS in summer.
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Figure 9. Air pressure measurements between HTMS and the LCS in summer.
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Figure 10. Relative humidity (%) measurements between HTMS and the LCS in summer.
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4. Discussion and Conclusion

It is expected that the measurement of spatial and temporal variability will gain much more
importance in future agriculture shaped by approaches such as precision farming. It is clear that a large
number of measuring devices will be needed for the monitoring of these variations. Therefore, it is
important that the devices to be developed are multifunctional, miniature, portable and cost-effective.

The microcontrollers and the basic sensors connected to them have the capacity to reduce the
purchase costs of the measuring devices and the added cost to food prices, since they are very
inexpensive and easily portable. The total price of the components used in this case study is less than
$50. Another important point is that with the modular and easy to learn microcontroller platforms such
as Arduino, farmers and experts have the opportunity to design their own special measuring devices.
Of course, these devices cannot compete with laboratory measuring devices and precision
meteorological stations in terms of measuring accuracy. However, when the situation is considered as
cost-benefit, it can be useful. Due to their reasonable prices, they can be expected to receive interest in
developing countries and provide significant benefits. In addition, capital losses will be small due to
thier low costs when they are damaged.

As a result; the microcontroller based measurement system developed is an example of similar
systems that can be used in agricultural activities due to its low cost and portable although it is less
sensitive than meteorological stations. In the future, it is expected that inexpensive agricultural
datalogger devices that can measure more climate parameters will be developed and will be widely
used in agriculture. According to this expectation, sensors measuring the values such as air
temperature, air humidity, air pressure, solar radiation, wind speed, wind direction and precipitation
can be added to the devices to be developed in the future studies.
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Abstract: In this study, comparative assessment of potassium sorbate and clove
oil (Syzygium aromaticum L.) on the quality characteristics of crayfish (Astacus
leptodactylus) during storage at 2°C for 20 days has been investigated. Both
potassium sorbate and clove oil application retarded lipid oxidation during 20
days of storage. There were no significant differences between peroxide values
(PV) of potassium sorbate and clove oil treated crayfish samples. At day 20, CO1
group showed the lowest FFA content. Least TMAB was observed in 1% clove
oil treated samples throughout the storage period. Clove oil treated samples had
significantly lower PBC then the control and potassium sorbate treated crayfish
samples during storage period. After 10 days of storage, control samples were
microbiologically unacceptable. 1% clove oil treatment was more effective than
1% potassium sorbate treatment in preventing growth of molds and yeast
throughout the storage period.
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Oz: Bu ¢alismada, potasyum sorbat ve karanfil yaginmn (Syzygium aromaticum
L.) 2°C'de 20 giin depolama siiresince kerevitlerin (Astacus leptodactylus) kalite
Ozellikleri tizerine karsilagtirmali olarak degerlendirilmesi yapilmistir. Potasyum
sorbat ve karanfil yagi uygulamasi, 20 giinlik depolama siiresince lipit
oksidasyonunu geciktirmistir. Potasyum sorbat ve karanfil yagi ile muamele
edilmis kerevit 6rneklerinin peroksit degerleri (PV) arasinda belirgin bir farklilik
bulunmamustir. 20. giinde, CO1 grubu en diisiik serbest yag asidi (FFA) degerini
gostermigtir. Depolama siiresi boyunca en diigiik toplam aerobik mezofilik bakteri
sayisi (TAMB) %1 karanfil yag: ile muamele edilmis 6rneklerde gozlenmistir.
Depolama siiresi boyunca karanfil yagi ile muamele edilmis 6rnekler, kontrol ve
potasyum sorbat ile muamele edilmis kerevit drneklerine oranla belirgin olarak
daha diisiik psikrofilik bakteri sayisina (PBC) sahiptir. 10 glnlik depolama
sonrast kontrol numuneleri mikrobiyolojik olarak tiiketilebilir 6zelligini
kaybetmistir. %1 karanfil yagi muamelesi, depolama siiresi boyunca kiif ve maya
gelisiminin 6nlenmesinde % 1 potasyum sorbat muamelesine oranla daha etkili
olmustur.

220


https://orcid.org/%200000-0002-7887-298X
https://orcid.org/%200000-0002-5645-5456
about:blank

YYU TAR BIL DERG (YYU J AGR SCI) 30 (1): 220-228
Fadiloglu and Coban/ Comparative Assessment of Potassium Sorbate and Clove Oil (Syzygium aromaticum, L.) on Quality Alteration in Chilled Crayfish (Astacus
leptodactylus)

1. Introduction

While good quality fresh fish and seafood demand increases day by day, keeping the quality of
seafood becomes an issue due to intensive transportation and distribution among nations. Fresh fish and
seafood products are susceptible to deterioration from postmortem microbial growth and enzymatic
activity (Manju et al., 2007). Since the controlling of natural enzyme in fresh fish is difficult, the
measures taken are mostly controlling of microbial activity (Yetim, 1996).

Chilling is the most common method to retard the microbial and biochemical spoilage of fresh
fish and seafood during distribution and marketing but it is not enough to maintain the quality. At low
temperature, growth of bacteria is retarded but never completely stopped and this technique cannot
prevent enzyme activities (Sampels, 2015). Therefore, chilling process should be combined with other
preservation techniques to delay the microbial spoilage and to improve the quality of seafood.

Chemical preservatives are used commonly in food processing sector to increase the shelf life

and to preserve the food. Potassium sorbate is one of the safest chemical preservatives that is generally
used in fish and seafood products (Omojowo et al., 2009b). This food additive is a white crystalline
powder, tasteless, odorless. It is the inorganic salt of sorbic acid with strong antimicrobial activity
against bacteria, yeast, molds and fungi (Remisha et al., 2016). They are used alone or in combination
with other preservation techniques (Nunez and Aquino, 2012).
Essential oils are natural preservatives and they are better and safer alternatives to chemical
preservatives due to their non-toxic nature (Anand and Sati, 2013). Essential oils are aromatic oily
liquids obtained from flowers, buds, bark, leaves, seeds, peel, fruits and herbs (Hyldgaard et al., 2012;
Dabija et al., 2019). They are used in many areas such as cosmetics, aromatherapy pharmaceuticals,
food and drinks (Arrijani et al., 2017). They are cheap and small quantity is enough to prevent the growth
of microorganisms. Essential oils can be applied directly to the food or in emulsion and nanoemulsion
forms (Ceylan et al., 2018; Fernandez-Lopez and Viuda-Martos, 2018: Meral et al., 2019).

Clove essential oil (Syzygium aromaticum L.) is obtained from dry flower buds of clove and it
has antimicrobial, antioxidant, antifungal, antiviral, anti-inflammatory and cytotoxic properties due to
the presence of eugenol, thymol and cinnamaldehyde (Chaieb et al., 2007).

Although there have been many publications on the effects of essential oils and potassium
sorbate on fish quality, no studies have been conducted to compare them with each other. Therefore, the
purpose of this paper is to compare the antioxidant and antibacterial activity of potassium sorbate and
clove oil on quality characteristics of crayfish stored at 2°C for 20 days.

2. Materials and Methods
2.1. Materials

Crayfish (Astacus leptodactylus) were obtained from Keban Dam Lake. They were transferred
to the laboratory in the styrofoam boxes containing ice and were processed in the same day. In this study,
7 kg of crayfish with an average weight and length of 70.56 £ 15.21 g and 16.03 + 0.34 cm, respectively
was used.

Clove oil was purchased from Kalsec (Kalsec®, Inc, Kalamazoo) and potassium sorbate (food
grade, molecular weight: 150.22, CAS Number: 24634-61-5, purum p.a. > 99%), was purchased from
Sigma Aldrich Chemical Co. (Munich, Germany).

2.2. Experimental design

Crayfish were washed with cold clean water (2°C) to remove dirt and boiled for 10 minutes at
100°C. After boiling, the excess water was removed by spreading them on perforated trays and they
were cooled to 4°C then they were separated from their shells. After separating, they were randomly
chosen and divided into three lots. The first lot was kept as control (without dip treatment), 2nd lot (PS1)
was subjected to dip treatment with 1% (v/w-) potassium sorbate solution for 3 minutes and 3rd lot
(CO1) was subjected to dip treatment with 1% (v/w) clove oil solution for 3 minutes. When drainage is
completed, all lots were placed in different styrofoam boxes, wrapped with stretch film and preserved
at 2°C for 20 days.
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All samples were analyzed for chemical (thiobarbituric acid (TBA), peroxide value (PV), free
fatty acid (FFA)) and microbiological characteristics (total aerobic mesophilic bacteria (TAMB),
psychrophilic bacteria count (PBC) and yeast-mold count) for every 5 days of interval.

2.3. Chemical analysis

TBA value was determined by the distillation method of Tarladgis et al., 1960 and expressed as
mg Malonaldehyde/kg of crayfish sample. Peroxide value was calculated and expressed as milli-
equivalent of Oy/kg fat and it was determined according to the method of AOCS, 1989. Free fatty acids
(FFA) content was determined as described by Yetim, 2002 and calculated as oleic acid %.

2.4. Microbiological analysis

10 g of crayfish sample was mixed with 90 ml of sterilized distilled water. Further decimal serial
dilutions (from 10 to 10°) were used from this homogenate. Total aerobic mesophilic bacteria (TAMB)
and total psychrophilic bacteria counts (PBC) were enumerated on plate count agar (PCA) and incubated
at 30°C for 3 days and 7°C for 10 days, respectively (ICMSF, 1986). Yeast and mold count was
determined by yeast extract glucose chloromphenicol (YGC) agar with the incubation at 22°C for 5 days
(Harrigan and McCance, 1976).

2.5. Statistical analysis

Statistical analysis was carried out using SPSS 22.0 (SPSS 22 for Windows, SPSS Inc. Chicago, IL,
USA). All data were expressed in meant SD. Variance analysis (ANOVA) was performed and means
were compared by Duncan's multiple range test. The level of significance was set at p<0.05.

3. Results and Discussion
3.1. Chemical analysis
3.1.1. Thiobarbituric acid (TBA) value

TBA values of potassium sorbate and clove oil treated samples are shown in Figure 1. Initial
TBA values of control, 1% potassium sorbate added (PS1) and 1% clove oil added samples (CO1) were
0.59, 0.56 and 0.54 mg MDA/kg of sample, respectively. From day 0 to 5, there was no significant
difference in TBA values of control (1.24 mg MDA/kg of sample) and PS1 group (1.28 mg MDA/kg of
sample). Genccelep et al., 2014 reported that during 6 days of refrigerated storage, no significant
differences were observed between the control and potassium sorbate treated samples. Significant
difference was observed in TBA values of CO1 group at day 0 and 5th. Clove oil was very effective in
retarding lipid oxidation during 5 days of cold storage (p<0.05).

From day 10 to end of the storage, potassium sorbate application had significant effect on TBA
values of crayfish samples when compared to control and clove oil treated samples (p<0.05). Potassium
sorbate application was very effective between days 10 and 20. TBA values were low in potassium
sorbate treated samples due to inhibition of secondary oxidation products by potassium sorbate
(Gandotra et al., 2014).

The results are in agreement with Gandotra et al., 2014 and Remisha et al., 2016. Gandotra et
al., 2014 found that potassium sorbate treated silver carp fillets showed lower values for TBA during 30
days of storage. Remisha et al., 2016 investigated the effect of potassium sorbate on the quality of Indian
mackerel during 23 days of chill storage and they find that TBA values of control samples were higher
than potassium sorbate treated samples and TBA values of potassium sorbate treated fish samples were
below the acceptable limit value.

At the end of the storage period, TBA values of control, PS1 and CO1 groups increased to 5.12
mg MDAV/kg of sample, 4.12 mg MDA/kg of sample and 4.61 mg MDA/kg of sample, respectively.
While the control group exceeded the acceptable limit value between 5 mg MDA/kg of sample
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(Dandago et al., 2004) at day 20, PS1 and CO1 were still below the limit value. Both potassium sorbate
and clove oil application retarded lipid oxidation during 20 days of storage.
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Figure 1. Changes in TBA values of potassium sorbate and clove oil treated crayfish samples during
storage at 2°C. C control, PS1 1% (v/w) potassium sorbate, CO1 1% (v/w) clove oil.

3.1.2. Peroxide value (PV)

Peroxide value of crayfish samples treated with potassium sorbate and clove oil are shown in
Figure 2. Initial peroxide values were 1.05, 0.93 and 0.91 meq OJ/kg for control, potassium sorbate and
clove oil treated samples, respectively. As it seen, peroxide values of control samples increased sharply
during storage period (p<0.05). Peroxide values in both potassium sorbate and clove oil treated crayfish
samples showed slightly increase throughout the storage period and there was no significant difference
between these samples (p>0.05). At the last stage of period, the peroxide values increased to 14.07, 7.30
and 7.19 meq O./kg for control, potassium sorbate and clove oil treated samples, respectively. It was
clear that both potassium sorbate and clove oil showed antioxidant activity and they were very effective
on lipid oxidation. The antioxidant activity of clove oil comes from its scavenging of free radicals and
metal chelating ability (Chaieb et al., 2007). The antioxidant activity of potassium sorbate comes from
its influence on the electroreduction of oxygen and its interaction with reactive oxygen species
(Korotkova et al., 2006). Coban and Patir, 2013 found that lipid oxidation was higher in control samples
than clove oil treated samples. Remisha et al., 2016 investigated the influence of potassium sorbate dip
treatment on the shelf life of Indian mackerel (Rastrelliger kanagurta) during chill storage and they
found that peroxide values of potassium sorbate dip treated samples were below the limit value of 10
meq Ox/kg (Varlik et al., 1993) during 18 days of chill storage.

Wu et al., 2019 reported that 0.2% potassium sorbate added chitosan coating significantly
inhibited the increase in peroxide value of scallop during 8 days of cold storage.
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Figure 2. Changes in peroxide value of crayfish samples treated with potassium sorbate and clove oil
during storage at 2°C. C control, PS1 1% (v/w) potassium sorbate, CO1 1% (v/w) clove oil.
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3.1.3. Free fatty acid (FFA)

Lipolysis of triglycerides and phospholipids leads to formation of free fatty acids (FFA)
(Pearson et al., 1983). Increasing of FFA content accelerates the oxidation of foods. FFA content of
crayfish samples treated with potassium sorbate and clove oil are seen in Figure 3. At the beginning of
the storage period, FFA content of control, PS1 and CO1 samples were 1.73, 1.30 and 1.31 oleic acid
%, respectively. FFA content of control group was detected to be 1.73 oleic acid % and it was similar
to the value reported by Remisha et al., 2016.
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Figure 3. Changes in FFA content of crayfish samples treated with potassium sorbate and clove oil
during storage at 2°C. C control, PS1 1% (v/w) potassium sorbate, CO1 1% (v/w) clove oil.

As it seen from Figure 3, there was a sharp increase in FFA content of control group but slight
increase was observed in PS1 and CO1 group throughout the storage period. The increase in FFA content
of control group was significantly (p<0.05) higher than those of crayfish samples treated with potassium
sorbate and clove oil. There was a significant difference between the PS1 and CO1 group during the
storage period (P<0.05). From day 0 to 15, the increasing rate of FFA content in PS1 group was slower
than the control and CO1 group but between 15 and 20 days of storage, CO1 group had the lowest FFA
content (p<0.05). At the last stage of period, amounts of FFA were detected as 17.94, 9.62 and 7.54
oleic acid % for control, PS1 and CO1 groups, respectively. While FFA content of control group
exceeded the acceptable limit value of 15 oleic acid % (Korkut et al., 2007) at day 20, PS1 and CO1
group did not reach the upper limit value. In this study, FFA value of PS1 group (9.62 oleic acid %) was
smaller than the value of 13.9 oleic acid % which was the value of 1% potassium sorbate dip treated
mackerel reported by Remisha et al., 2016. Gandotra et al., 2014 reported that 5% potassium sorbate dip
treatment significantly reduced the formation of FFA in silver carp fillet stored for 30 days.

According to FFA results, potassium sorbate and clove oil delayed oxidative and hydrolytic
deterioration due to their antioxidant characteristics.

3.2. Microbiological Analysis
3.2.1. Total aerobic mesophilic bacteria (TAMB)

At day 0, initial TAMB of control, PS1 and CO1 were 3.21, 3.25 and 3.17 log cfu/g, respectively
(Figure 4.). Between the 5th and 15th days of storage there was a significant difference between TAMB
of samples (p<0.05). During the storage period, TAMB of all samples increased gradually and TAMB
of treated samples were less than control samples (p<0.05). Least TAMB was observed in 1% clove oil
treated samples throughout the storage period. Unlike the potassium sorbate treatment, clove oil showed
the highest antimicrobial activity and inhibitory effect on aerobic spoilage bacteria. The antimicrobial
activity of clove oil comes from its eugenol, oleic acids and lipid content (Nzeako et al., 2006). Probably,
eugenol damaged the cell walls of bacteria by denaturating proteins and inhibited the growth of gram-
positive and gram-negative bacteria by increasing membrane permeability (Nowak et al., (2012); Nunez
and Aquino, (2012). After 10 days of storage, control group exceeded the acceptable limit value of 6 log
cfu/g (ICMSF, 1986). At the end of the storage period TAMB of control, PS1 and CO1 samples reached
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to 7.74, 5.31 and 4.85 log cfu/g, respectively. While control samples were microbiologically
unacceptable, TAMB of PS1 and CO1 samples were below the limit value and there was no significant
difference between TAMB of treated samples (p>0.05). Results showed that both potassium sorbate and
clove oil were very effective in maintaining the microbial quality of crayfish during 20 days of cold
storage. Reduction in TAMB of PS1 samples can be attributed to the antibacterial action of potassium
sorbate on aerobic spoilage bacteria (Yesudhason et al., 2010).
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Figure 4. Changes in total aerobic mesophilic bacteria (TAMB) of crayfish samples treated with
potassium sorbate and clove oil during storage at 2°C C control, PS1 1% (v/w) potassium
sorbate, CO1 1% (v/w) clove oil.

Our results are in agreement with the findings of Remisha et al., (2016); Omojowo et al.,
(2009a). Remisha et al., (2016) reported that TAMB of 1% potassium sorbate treated Indian mackerel
samples were lower than that of control samples during 18 days of cold storage. On the other hand,
Omojowo et al., (2009a) found that microbial counts of potassium sorbate treated catfish samples were
lower than citric acid treated catfish samples. Omojowo et al., (2009b) reported that potassium sorbate
treated smoked catfish showed lowest microbial count than control and sodium metabisulphite treated
samples during 8 weeks of storage.

3.2.2. Psychrophilic bacteria count (PBC)

Psychrophilic bacteria counts of control and treated samples are seen in Figure 5. The initial
PBC were recorded as 2.96, 2.95 and 2.88 log cfu/g for control, PS1 and CO1 samples, respectively.
The PBC showed an increase in all samples during storage period (p<0.05). Clove oil treated samples
showed significantly lower (p<0.05) psychrophilic counts than control and potassium sorbate treated
crayfish samples over storage period. The lower count in clove oil treated samples might be due to the
antimicrobial action of clove oil. Similarly, Gandotra et al., (2014) reported that 5% potassium sorbate
dip treatment was very effective in eliminating the growth of psychrophilic bacteria. Coban et al., (2018)
reported that the addition of 1% clove oil inhibited the growth of psychrophilic bacteria in frozen trout
fillets.

The PBC of control samples were high during 20 days of cold storage and control samples
exceeded the acceptable limit value of 6 log cfu/g (ICMSF, 1986) after 10 days of storage. At the last
stage of storage, PBC of control, PS1 and CO1 samples were 7.29, 4.96 and 4.75 log cfu/g, respectively
and there was no significant difference among PBC of PS1 and CO1 samples (p>0.05). During 20 days
of cold storage, PBC of PS1 and CO1 samples remained under the acceptable limit value.
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Figure 5. Changes in psychrophilic bacteria counts (PBC) of potassium sorbate and clove oil treated
crayfish samples during storage at 2°C. C control, PS1 1% (v/w) potassium sorbate, CO1 1%
(v/w) clove oil.

3.2.3. Yeast and mold count

Yeast and mold counts increased from the initial value of 2.16 to 4.34 log cfu/g for control, 2.19
to 3.75 log cfu/g for PS1 samples. As the storage days progressed, mold and yeast counts of CO1 samples
decreased from 2.17 to 1.85 log cfu/g (Figure 6.). Clove oil treated samples showed lowest counts during
20 days of cold storage (p<0.05). Similarly, Coban et al., 2018 reported that clove oil treated rainbow
trout fillets had significantly lower yeast and mold counts compared to control samples during six
months of frozen storage.

Clove oil efficiently suppressed the growth of yeast and mold on chilled crayfish. The level of
mold contamination in potassium sorbate treated samples could metabolize potassium sorbate thus
reduced its fungistatic effect (Hasan and Abdolgader, 2012).

—e—Control —W—1%PS —A—1%CO —@—LIMIT

—— A

Yeast-Mould (log cfu/g)
o [l N w £ (6] (o2}

0 5 10 15 20
Storage Time (days)

Figure 6. Changes in yeast and mold counts of crayfish samples during 20 days of storage at 2°C. C
control, PS1 1 % (v/w) potassium sorbate, CO1 1 % (v/w) clove oil.

Between the zero and 10th days of storage, there were no significant differences between the
control and potassium sorbate treated samples (p>0.05). At day 15 and 20, significant differences were
observed between control and potassium sorbate treated samples (p<0.05). All samples were below the
acceptable limit value of 5 log cfu/g (Stagnitta et al., 2006).

1% clove oil treatment was more effective than 1% potassium sorbate treatment in preventing
growth of molds and yeast throughout the storage period. Clove oil showed strong antifungal activity
due to its eugenol content. Eugenol content changed cell wall structures of yeast cells by increasing
membrane permeability (Hyldgaard et al., 2012).
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4. Conclusion

In this research, antioxidant and antibacterial effects of potassium sorbate and clove oil on the
quality characteristics of crayfish samples stored at 2°C for 20 days were compared. Both 1% potassium
sorbate and 1% clove oil application retarded lipid oxidation during 20 days of storage. Clove oil treated
samples had significantly lower (p<0.05) psychrophilic counts (4.75 log cfu/g) then the control and
potassium sorbate treated crayfish samples during storage period.

1% clove oil treatment was found to be potentially more effective than 1% potassium sorbate
treatment on preventing growth of total aerobic mesophilic bacteria, psychrophilic bacteria, mold-yeast
and on improving the quality of crayfish samples under cold storage conditions. Clove oil can be used
in seafood preservation as a natural preservative agent.

References

Anand, S. P., & Sati, N. (2013). Artificial preservatives and their harmful effects: looking toward nature for
safer alternatives. International Journal of Pharmaceutical Sci. and Research, 4(7), 2496-2501.

AOCS. (1989). Official methods and recommended practices of American oil chemist’s society-(5th ed).
A.O.C.S. Champaign USA

Arrijani, K., & Kapahang, A. (2017). Characteristics of clove leaf essential oil (Eugenia aromatica 0.k) in
various range of elevation. Journal of Medicinal Plants Studies, 5(5), 27-32.
https://doi.org/10.1590/S0034-737X2010000500004

Ceylan, Z., Sengor, G. F. U,, Basahel, A., & Yilmaz, M.T. (2018). Determination of quality parameters of
gilthead sea bream (Sparus aurata) fillets coated with electrospun nanofibers. Journal of Food
Safety, 38, e12518. https://doi.org/10.1111/jfs.12518

Chaieb, K., Hajlaoui, H., Zmantar, T., Kahla-Nakbi, A. B., Rouabhia, R., Mahdouani, K., & Bakhrouf, A.
(2007). The chemical composition and biological activity of clove essential oil, Eugenia
caryophyllata (Syzigium aromaticum L. Myrtaceae): A short review. Phytotherapy Research, 21,
501-506. https://doi.org/10.1002/ptr.2124

Coban, O. E., & Patir, B. (2013). Antimicrobial and antioxidant effects of clove oil on sliced smoked
Oncorhynchus mykiss. Journal of Consumer and Protection Food Safety, 8(3), 195-199.
https://doi.org/10.1007/s00003-013-0823-2

Coban, O. E., Ozpolat, E., & Kuzgun, N. K. (2018). The effect of clove oil on frozen storage stability and
quality of rainbow trout (Oncorhynchus mykiss). Ege Journal of Fisheries and Aquatic Sciences,
35(1), 31-35. https://doi.org/10.12714/egejfas.2018.35.1.06

Dabija, A., Ardelean, M., Poroch-Seritan, M., Oroian, M. A., Buculei, A., Rebenciuc, I., Marti, D. T,
Lobiuc, A. (2019). Effect of rosemary, clove and oregano oil on the preservation of vacuum-
packaged hot smoked trout. Farmacia, 67 (5), 794-800. https://doi.org/10.31925/farmacia.2019.5.7

Dandago, M.A., Garba, R., Bahago, E.J., & Komolafe, G.O. (2004). Analysis of specific food commodities.
In: Balami, T.A. (Ed.), Practical manual on food technology, nutrition and dietetics for schools and
industries. National Science and Technology forum, Kaduna. Pp. 225 226.

Fernandez-Lopez, J., & Viuda-Martos, M. (2019). Introduction to the special issue: Application of essential
oils in food systems. Foods, 7, 56, 1-4. http:// doi.org/10.3390/foods 7040056

Gandotra, R., Gupta, V., Koul, M., Gupta, S., & Uz-zaman, R. (2014). Studies on the effect of potassium
sorbate treatment on Fillets of silver carp (Hypophthalmichthys molitrix). Biolife, 2 (2), 702-707.

Genccelep, H., Andic, S., & Kose, S. (2014). Effects of potassium sorbate application on shelf life and
biogenic amines of pearl mullet (Chalcalburnus tarichi Pallas, 1811) fillets packaged with vacuum.
Journal of Aquatic Food Product Technology, 23 (4), 347-357.
http:// doi.org/10.1080/10498850.2012.719588

Harrigan, W. F., & McCance, M. E. (1976). Laboratory methods in food and dairy microbiology. London:
Academic Press Inc.

Hasan, S. M., & Abdolgader, R. A. (2012). Study of weak acid preservatives and modified atmosphere
packaging (MAP) on mold growth in modal agar system. Food and Nutrition Sciences, 3, 802-809.
https://doi.org/10.4236/fns.2012.36108

227


about:blank
about:blank
about:blank
about:blank

YYU TAR BIL DERG (YYU J AGR SCI) 30 (1): 220-228
Fadiloglu and Coban/ Comparative Assessment of Potassium Sorbate and Clove Oil (Syzygium aromaticum, L.) on Quality Alteration in Chilled Crayfish (Astacus
leptodactylus)

Hyldgaard, M., Mygind, T., & Meyer, R. L. (2012). Essential oils in food preservation: mode of action,
synergies, and interactions with food matrix components. Frontiers in Microbiology, 3(12), 1-24.
https://doi.org/10.3389/fmicb.2012.00012

ICMSF. (1986). International Commisson on Microbiological Spescifications for Foods. Microorganisms
in foods 2. Sampling for microbiological analysis, 2nd edition, University of Toronto Press,
Toronto.

Korkut, A. Y., Kop, A., & Demir, P. (2007). Fish oil, used in fish feeds and its characteristics. Ege Journal
of Fisheries and Aquatic Sciences, 24, 195-199.
https://doi.org/10.12714/egejfas.2007.24.1.5000156659

Manju, S., Gopal, T. K. S., Jose, L., Ravishankar, C. N., & Kumar, K. A. (2007). Nucleotide degradation of
sodium acetate and potassium sorbate dip treated and vacuum packed black pomfret
(Parastromateus niger) and pearlspot (Etroplus suratensis) during chill storage. Food Chemistry,
102, 699-706. https://doi.org/10.1016/j.foodchem.2006.06.059

Meral, R., Ceylan, Z., & Kose, S. (2019). Limitation of microbial spoilage of rainbow trout fillets using
characterized thyme oil antibacterial nanoemulsions, Journal of Food Safety, 39, e12644.
https://doi.org/10.1111/jfs.12644

Nowak, K., Ogonowski, J., Jaworska, M., & Grzesik, K. (2012). Clove oil-properties and applications.
Chemik, 66(2), 145-152.

Nzeako, B. C., Al-Kharousi, Z. S. N., & Al-Mahrooqui, Z. (2006). Antimicrobial activities of clove and
thyme extracts. Sultan Qaboos University Medical Journal, 6, 33-39.

Nunez, L., & Aquino, M. D. (2012). Microbicide activity of clove essential oil (Eugenia caryophyllata).
Brazilian Journal of Microbiolology, 1255-1260.
https://doi.org/10.1590/S1517-83822012000400003

Omojowo, F. S., Omojasola, F., Idris, G. L., & lhuahi, J. A. (2009a). Evaluation of citric acid and potassium
sorbate as preservatives on the safety and shelf life of smoked catfish. Nature Sciences, 7(11), 1-8.

Omojowo, F. S., Libata, Idris G. L., & lhuahi, J. A. (2009b). Comparative assessment of potassium sorbate
and sodium metabisulphite on the safety and shelf life of smoked catfish. Nature Sci., 7(10), 10-17.

Pearson, A. M., Gray, J. J., Wolzak, A. M., & Horenstein, N. A. (1983). Safety implications of oxidized
lipids in muscle foods. Food Technology, 37(7), 121-129.

Remisha, O., Biji, K. B., Gupta, S. K., James, J. P., & Mathew, S. (2016). Applications of potassium sorbate
dip treatment for the extension of shelf life of Indian mackerel (Rastrelliger kanagurta) during chill
storage. Imperial Journal of Interdisciplinary Research, 2(11), 1874-1883.

Sampels, S. (2015). The effects of storage and preservation technologies on the quality of fish products: A
review. Journal of Food Process and Preservation, 39, 1206-1215.
https://doi.org/10.1111/jfpp.12337

Stagnitta, P. V., Micalizzi, B., Guzmaén, D., & Stefanini, A. M. (2006). Prevalence of some bacteria yeasts
and molds in meat foods in San Luis, Argentina. Central European Journal of Public Health, 14(3),
141-144.

Tarladgis, B. G., Watts, B. M., & Younathan, M. T.L. R., & Dugan, Jr. (1960). A distillation method for the
quantitative determination of malonaldehyde in rancid foods. Journal of the American Oil Chemists’
Society, 37(1), 44-48.

Varlik, C., Ugur, M., Gokoglu, N., & Gun, H. (1993). Quality control principles and methods in fisheries,
Food Technology Association Publication No: 17, Detay Printing House, Ankara, 174p.

Wu, Z., Liu, Y., Yua, M,, Yina, F., Liu, Z., Li, A., Zhou, D., Zhu, B., & Shahidic, F. (2019). Effect of
chitosan coatings incorporated with antioxidants of bamboo leaves and potassium sorbate on lipid
oxidation and hydrolysis of scallop (Chlamys farreri) during refrigerated storage. Journal of Food
Bioactives, 8: 66-73. https://doi.org/10.31665/JFB.2019.8208

Yesudhason, P., Gopal, T. K. S., Ravishankar, C. N., Lalitha, K.V., & Kumar, A. (2010). Effect of potassium
sorbate and modified atmosphere packaging on the shelf-life extension of seer fish (Scomberomorus
commerson) steaks during iced storage. Journal of Food Biochemistry, 34, 399-424.
https://doi.org/10.1111/j.1745-4514.2009.00288.x

Yetim, H. (1996). Use of sorbic acid in fresh fish preservation. Food, 21(3), 205-213.

Yetim, H. (2002). Food Analysis, Faculty of Agriculture, Erzurum: Atatlrk University Publications. No:
227.

228


about:blank
about:blank
about:blank

YUZUNCU YIL UNIiVERSITESI TARIM BiLIMLERI DERGISi
YAYIN ILKELERi*

1. Van Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi, 1995 yilinda yayn hayatina baglans bir bilimsel

arastirma dergisidir Dergide, tarim bilimleri (Bahge Bitkileri, Bitki Koruma, Biyosistem Miihendisligi, Gida

Miihendisligi, Peyzaj Mimarligi, Su Uriinleri Miihendisligi, Tarla Bitkileri, Tarimsal Biyoteknoloji, Tarim

Ekonomisi, Toprak Bilimi ve Bitki Besleme, Zootekni) alaninda diizenli olarak Mart, Haziran, Eyliil ve Aralik

aylarinda yi1lda dort say1 yayimlanan uluslararast hakemli bir dergidir.

Dergimizde Tiirkce ve Ingilizce yazilmis Arastirma Makalesi, Teknik Not ve Derlemeler yayimlanir.
Yayimlanmak iizere gonderilen makalelerin herhangi bir yerde yayimlanmamis veya yayimlanmak iizere
herhangi bir dergiye génderilmemis olmast zorunludur. On yildan eski ¢alismalar degerlendirmeye alinmaz.

4.  Dergiye yayinlanmak iizere gonderilen bir arastirma makalesi; Baslik, Tiirkce ve ingilizce Ozet, Giris, Materyal
ve Yontem, Bulgular, Tartisma ve Sonu¢ ve Kaynaklar ana basliklar altinda hazirlanmalidir. Bulgular ve
Tartisma kismi birlikte de yazilabilir.

5. Arastirma Makalesi 2500-5000, Derleme 4.000-7000 ve Teknik Not 1000-2500 kelime sayisi sinirlari igerisinde
olmalidur.

6. Derlemeler bilimsel dergilerde yayinlanmis bilimsel yazilarin, ¢alismalarin veya giincel gelismelerin belirtilen
konuda yogun caligmalar1 bulunan deneyimli yazarlarca (sorumlu yazarin derleme konusu ile ilgili Uluslararasi
hakemli dergilerde en az 5 6zgiin makaleye sahip olmasi sarti aranir) yapilan bir sentezi, yorumu ve durum
degerlendirmesi seklinde olmalidir. Her sayida basilan makale sayisinin en fazla % 10’u kadar derlemeye yer
verilir.

7.  Arastirma makalesi olarak dergimize gonderilen c¢aligmalar lisansiistii tezlerden iiretilmis ise bu durum ilk
sayfada dipnot olarak verilmelidir.

8.  Dergimiz Acaik Kaynak Yayin Politikasim benimsemektedir.

9. Dergimizde yaymlanacak makalelerin bilimsel etik kurallari igerisinde olmasi gerekmektedir. Makaleler,
uluslararasi kabul gérmiis bilim etik kurallarina uygun olarak hazirlanmalidir.

10. Etik Kurul Raporu gerekli hallerde (dogrudan/dolayli olarak hayvan ile iligkili olan c¢aligmalar) raporun bir
kopyast metin ile birlikte génderilmelidir.

11. Yuzunct Yil Universitesi Tarrm Bilimleri Dergisine génderilen makaleler intihal raporu iThenticate yazilimi
aracihigtyla kontrol edilir. Makalenin Benzerlik indeksi (SI) < % 20; Her bir benzerlik orani (alint1 yapilan her
bir kaynak) ise <% 5 olmalidir. Benzerlik indeksi belirtilen dlzeylerin Uzerinde ise ilgili yazar/yazarlara makale
iade edilir (Bir makale igin en fazla 3 benzerlik taramas: yapilir). Bu konuda yeterli diizeltmelerin 10 giin
icerisinde yapilmamasi1 halinde makale reddedilir. Intihal, makalenin yaymlanmasindan sonra ispatlanirsa, o
makale derhal web sitesinden ¢ekilecek ve kaldirilacaktir ve ilgili yazar/yazarlar, Yiiziincii Y1l Universitesi
Tarim Bilimleri Dergisine bes y1l siire ile makale gonderemeyeceklerdir.

12. Makalede yer alan tiim yazarlar, calismalarin yaym haklarni Yiiziincii Y1l Universitesi Tarim Bilimleri
Dergisi’ne verdiklerine dair Telif Haklar1 Formu’nu imzalamalidirlar. Telif Hakki Formu yazarlar tarafindan
gonderilmedigi siirece ¢alisma degerlendirmeye alinmaz.
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