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Evaluation of Free Radical Scavenging, Anti-inflammatory and Hypoglycemic Activity of
Helianthemum oelandicum subsp. incanum (Willk.) G. Lopez from Tiirkiye
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ABSTRACT Biochemistry
Helianthemum is represented by 19 taxa, and out of four are endemic in

Tirkiye. The antioxidant, anti-inflammatory, and hypoglycemic Research Article

activities of the ethanol (75%) and aqueous extracts from aerial parts of . .

Helianthemum oelandicum subsp. incanum growing in Tiurkiye was Artlc.le Hlstory‘

examined in this study. The water extract exhibited antioxidant activity Received 27.10.2021
with 67.26+0.49 and 68.08+0.41 pg ml-1 values on DPPH and ABTS Accepted - 03.03.2022
radicals, respectively. The antioxidant activity value of ethanol extract Keywords

on DPPH radical was found as 46.71+0.27 pg ml-1, where as this value
was determined as 51.60+0.76 pg ml-1 for scavenging effects on ABTS
radical. Both ethanol and aqueous extracts possessed in vitro anti-
inflammatory activity by inhibiting erythrocyte membrane hemolysis in
a concentration dependent manner and ethanol extracts exhibited
greater activity than aqueous extracts. By measuring the inhibitory
effect of the extracts on a-glucosidase, in vitro hypoglycemic activity was
assessed. According to the results of this study, the ICso values of both
ethanolic and aqueous extracts were found to be close to each other,
2.52+0.01 and 3.21+£0.01 pg ml-1, respectively and compared with the
standard compound acarbose (ICso= 0.90+0.01 pg ml-1) it was
determined that both extracts exhibited strong inhibition on a-
glucosidase. Based on all results evaluated, the ethanolic extract
displayed higher antioxidant, anti-inflammatory, and hypoglycemic
activities than the aqueous extract.

Free radical scavenging activity
Anti-inflammatory activity
Hypoglycemic activity
Helianthemum oelandicum
subsp. Incanum

Tirkiye’de Yetisen Helianthemum oelandicum subsp. incanum (Willk.) G. Lopez Bitkisinin Serbest
Radikal Siipiiriicii, Anti-inflamatuvar ve Hipoglisemik Aktivitelerinin Degerlendirilmesi

OZET Biyokimya

Helianthemum Turkiye’de 4t endemik olmak tzere 19 takson ile temsil

edilmektedir. Bu c¢alismada Turkiye’de dogal olarak yetigsen Aragtirma Makalesi
Helianthemum oelandicum subsp. incanum toprak ustii kisimlarinin

etanollii (%75) ve sulu ekstrelerinin antioksidan, anti-inflamatuvar ve Makale Tarihgesi
hipoglisemik aktiviteleri arastirilmistir. Sulu ekstrenin DPPH ve ABTS Gelig Tarithi  :27.10.2021
radikalleri 1tizerine gosterdigi slUpurici etki miktarn sirasiyla Kabul Tarihi :03.03.2022
67.26+0.49 ve 68.08+0.41 pg ml-1 olarak tespit edilmistir. Bitkinin

etanollii ekstresinin DPPH radikaline karsi gosterdigi antioksidan Anahtar Kelimeler
aktivite degeri 46.71+0.27 pg ml-1 iken, ABTS radikali i¢in bu deger Serbest radikal stipirici
51.60+0.76 pg ml-1 olarak bulunmustur. Bitkinin hem etanollii hem de aktivite

sulu ekstresinin eritrosit membran hemolizini konsantrasyona bagh
olarak inhibe ederek in vitro anti-inflamatuvar etki gosterdigi ve
etanollii ekstrenin sulu ekstreye gore daha giicli etkiye sahip oldugu
belirlenmigtir. Bitki ekstrelerinin in vitro hipoglisemik aktivite tayini
i¢in a-glukozidaza kars1 inhibisyon etkileri 6l¢lilmiis, etanollii ve sulu
ekstrelerin ICso degerleri sirasiyla 2.52+0.01 ve 3.21+0.01 pg ml-1
bulunmus ve standart bilesik akarboz ile karsilastirildiginda (ICso=
0.90+0.01 pg ml-1) a-glukozidaza karsi giiclii inhibisyon gosterdikleri
tespit edilmigtir. Tim aktivite sonuglar1 bir arada degerlendirildiginde
etanolli ekstrenin antioksidan, anti-inflamatuvar ve hipoglisemik

Anti-inflamatuvar aktivite
Hipoglisemik aktivite
Helianthemum

subsp. incanum.

oelandicum
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aktivitesinin sulu ekstreden daha ytliksek oldugu bulunmustur.
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INTRODUCTION

Herbal drugs have been popular in the healthcare
system globally day by day. With the increasing use of
medicinal plants, the pharmaceutical industry focuses
on new natural sources. Of course, traditional
therapy, which is closely linked to cultures, should be
supported by scientific studies so that it can be an
option as a complementary medicine and could be
suggested by healthcare professionals.

Helianthemum taxa, belonging to the Cistaceae
family, are annual or perennial shrub and herbaceous
plants that spread widely in Europe, America, North
Africa and Central Asia. Helianthemum is
represented by 19 taxa, and out of four are endemic in
Tirkiye (Davis, 1965; Sam Goksen & Baydemir,
2016).

The traditional uses of one of Helianthemum species,
called H nummularium (L) Miller., are recorded
against constipation and as a blood stopper in
Tirkiye (Baytop,1999). Besides, Helianthemum
species are used traditionally as anti-inflammatory,
antiulcerogenic, wound healing, antimicrobial,
cytotoxic and antidiabetic agent in different countries.
The decoctions and teas prepared from this genus are
also used to treat gastrointestinal problems (Rubio-
Moraga et al., 2013; Sam Goksen & Baldemir, 2016;
Hamza et al., 2019). Djemam et al. determined that
H Iippi performed relaxation on distal rat colon
(Djemam et al., 2020).

There were reports on the antioxidant, antimicrobial,
antiprotozoal, antigiardial activities of some
Helianthemum species (Barbosa et al., 2006; Rubio-
Moraga et al., 2013; Baldemir et al, 2017;
Benabdelaziz et al., 2017; Chemam et al., 2017) but
there was only one study investigating the
antidiabetic activity of one of Helianthemum genus,
called H. getulum Pomel an endemic plant to North
Sahara (Terfassi et al., 2021). The antidiarrhoeal
activity was  reported for flavonoids from
H. glomeratum, an endemic plant grown in Mexico
(Calzada & Alanis, 2007).

As the number of studies on biological activities of
Helianthemum taxa are limited and records on
traditional use of H. oelandicum subsp. incanum
(Willk.) G. Lopez (the synonym name: H.canum (L.)
Miller. ) is not found during the literature survey; the
goal of this study was to examine the antioxidant,
anti-inflammatory and hypoglycemic properties of
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different extracts from aerial parts of Helianthemum
oelandicum subsp. incanum growing in Tirkiye. All
assays were carried out on both aqueous and
ethanolic extracts in order to determine which could
potentially be a natural source for the treatment of
diabetes and inflammation.

MATERIAL and METHODS
Plant Material

The aerial parts of H. oelandicum subsp. incanum
growing in Tirkiye was collected from Ayas in
Ankara. The plant was identified by Prof. Dr. H.
Duman from the Department of Biology, Faculty of
Art and Science, Gazi University, Ankara, Turkiye.
The voucher specimens are deposited at the
Herbarium belonging to the Faculty of Pharmacy of
Ankara University with the corresponding herbarium
number; AEF27028.

Preparation of Extracts

From the air-dried and powdered aerial parts of
Helianthemum oelandicum subsp. incanum, two
different extracts were prepared by using ethanol
(75%) and water separately.

The air-dried and powdered aerial parts of the H.
oelandicum subsp. incanum used in this study was
weighed accurately and then extracted with ethanol
(75%). It was prepared by maceration of 50 g of plant
powder in 300 ml of ethanol for 8 hours in 3 days.
Each maceration was developed with fresh solvent
(3x300 ml). The macerates obtained with ethanol
were filtered and evaporated until dry.

Additionally, the air-dried and powdered aerial part
of the plant used in this study was weighed
accurately and then extracted with water. It was
prepared by maceration of 50 g of plant powder in 300
ml of water for 8 hours in 3 days. Each maceration
was developed with fresh solvent (3x300 ml). The
macerates obtained with water were filtered and
lyophilized.

Antioxidant Activity

DPPH Free Radical Scavenging Activity

To determine the effectiveness of plant extracts in
scavenging DPPH, they were tested for their ability to
neutralize the radical (Okur et al., 2018; Blois et al.,
1958). 100 uM DPPH was mixed in methanol and an
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array of crude extract concentration (final
concentrations: 10-100pg ml1). Incubation at room
temperature in the dark for 30 minutes was
performed. Then, the absorbance was measured at
517 nm. Based on the radical reduction percentage,
scavenging activity was calculated. Butylated
hydroxytoluene (BHT) was served as a standard
compound, where as the only solvent was the negative
control. Each experiment was performed at least in
duplicate. The formula below was used to calculate
the percentage of inhibition.

Inhibition (%)
densitytest sample)l Optical densitycontro)]x100

[(Optical densityeontro-Optical
(D).

For each extract, the ICso values were derived from
calibration curves nd the results were presented as
mean ICso.

ABTS Free Radical Scavenging Activity

The antioxidant activity of the samples was examined
by ABTS"* radical cation decolorization assay (Yalcin
et al., 2020; Re et al., 1999). TmM ABTS* aqueous
solution was reacted with 2.45 mM potassium
persulfate in order to obtain ABTS"*. Prior to use, the
mixture was kept overnight (12 to 16 hours) at room
temperature (in the dark). Fresh ABTS* solution was
prepared for each analysis to prevent self-degradation
of the radical. The working solution was diluted with
ethanol (pH=7.4) to give an absorbance of 0.700 at
734 nm, and the test compound was dissolved with
the final working solution (100x). The final
concentration was 1-100ug mll. Incubation at room
temperature for 6 minutes in the dark was performed.
Then, the absorbance was measured at 734 nm.
Trolox was used as a standard compound where, as
only solvent was the negative control. Each
experiment was performed at least in duplicate. The
formula below was used to calculate the percentage of
inhibition.

Inhibition (%) [(Optical densitycontroi-Optical
densityiest sampie)/Optical densityeontrod]x100 (2).

For each extract, the ICso values were derived from
calibration curves and the results were presented as
mean ICso.

Anti-inflammatory Activity

The anti-inflammatory activity of the extracts was
assessed by measuring their protective effects on the
human erythrocyte membrane (Shinde et al., 1999;
Gunathilake et al., 2018). The study protocol was
confirmed by Human Research KEthics Committees of
the Faculty of Medicine of Ankara University
(Document date: 14.05.2020, document number: i5-
273-20). Human blood samples were collected from a
volunteer who had not taken anti-inflammatory or
steroidal medicine for two weeks prior to the
experiment. The tubes containing blood samples were
centrifuged for 10 min at 3000 rpm. Then the isolated
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packed cells were washed with 0.85% isosaline (pH
7.2). The cell suspension was prepared using sterile
saline solution (1:10). The reaction mixture consisted
of an equal volume of test sample (ethanolic and
aqueous extracts) and 10% cell suspension.
Incubation at 56°C for 30 minutes was performed.
After the tubes cooled to room temperature,
centrifuge step was performed at 2500 rpm for 5 min.
The absorbance of the supernatant was measured at
560 nm. Acetylsalicylic acid (ASA) served as a
standard compound, whereas only solvent was used
as a negative control. The formula below was used to
calculate the percentage of protection.

Protection (%) = 100-[(Optical densitytest sampie/Optical
densityeontro)*100] (3).

For each extract, the ICso values were derived from
calibration curves and the results were presented as
mean ICso as well as percentage of protection.

Hypoglycemic Activity

a-glucosidase inhibitory activity was evaluated to
determine hypoglycemic activity of the extracts using
the method with slight modifications, in vitro (Liu et
al.,, 2014). a-glucosidase (0.02 unit pl!) was mixed
with sample (final concentration: 0.10-10ug ml1) and
sodium phosphate buffer (pH 6.8).The reaction
mixture was mixed and incubated at 37°C for 20 min.
p-nitrophenyl-a-D-glucopyranoside (pNPG) substrate
solution was prepared in 0.2 M sodium phosphate
buffer (pH=6.8). Then, pNPG substrate solution was
added (0.02 M). Incubation at 37°C for 30 minutes
was performed. A solution of 0.2 M Na2CO3 was
added to stop the reaction. Acarbose served as a
standard compound. The absorbance was measured
at 405 nm. The formula below was used to calculate
the percentage of inhibition.

Inhibition (%) [(Optical densitycontroi-Optical
densityiest sample)/Optical densityeontro)]x100 (4).

For each extract, the ICso values were derived from
calibration curves and the results were presented as
mean ICso.

Statistical Analysis

Statistical analysis was conducted using SPSS 23.0
software. The results were presented as mean ICsot
Standard Deviation (SD). One-way analysis of
variance was assessed by ANOVA with LSD test to
compare the results. A p-value below 0.05 was
confirmed as the minimum level of significance.

RESULT and DISCUSSION

Antioxidant Activity

DPPH Free Radical Scavenging Activity

Both ethanol and aqueous extracts displayed

moderate antioxidant effect by scavenging DPPH free
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radical in a concentration-dependent manner.
Ethanol extracts showed higher DPPH scavenging
activity than aqueous extracts as presented in Table
1.

ABTS Free Radical Scavenging Activity

Ethanol and aqueous extracts noted moderate
antioxidant effect by scavenging ABTS free radical.
Inhibition increased with the extract concentration.
Ethanol extracts displayed greater ABTS free radical

scavenging activity than aqueous as

exhibited in Table 2.

In the present study, the water extract exhibited
antioxidant activity with 67.26 and 68.08 pg ml! ICso
values on DPPH and ABTS radicals, respectively. The
antioxidant activity value of ethanol extract on DPPH
radical was found as 46.71 pg ml!, whereas this value
was determined as 51.60 pg ml! for scavenging effects
on ABTS radical.

extracts,

Table 1 DPPH free radical scavenging activity of the extracts
Cizelge 1 Ekstrelerin DPPH serbest radikal stipiiriicti etkisi

Inhibition Concentrationso (ICs0) (ug ml?)
Inhibisyon Konsantrasyonuso

Ethanolic extract of H. oelandicum subsp. incanum 46.71+0.272
H. oelandicum subsp. incanum etanollii ekstresi

Aqueous extract of H. oelandicum subsp. incanum 67.26+0.492
H. oelandicum subsp. incanum sulu ekstresi

Butylated Hydroxytoluene (BHT) 11.02+0.44

Butilhidroksi toluen

(=) Statistically significant: p<0.05, compared to control. The data shows mean+SD of 2-4 independent experiments
(2) Istatistiksel olarak anlamli: p<0.05, kontrole kiyasla. Veriler 2-4 bagimsiz deneyin ortalama+SS'sini gésterir.

Table 2 ABTS free radical scavenging activity of the extracts
Cizelge 2 Ekstrelerin ABTS serbest radikal stiplirticii etkisi

Inhibition Concentrationso (ICs0) (ug ml?)
Inhibisyon Konsantrasyonuso

Ethanolic extract of H. oelandicum subsp. incanum 51.60+0.764
H. oelandicum subsp. incanum etanollii ekstresi

Aqueous extract of H. oelandicum subsp. incanum 68.08+0.412
H. oelandicum subsp. incanum sulu ekstresi

Trolox (Troloks) 1.58+0.01

(2) Statistically significant: p<0.05, compared to control. The data shows mean+SD of 2-4 independent experiments.
(2) Istatistiksel olarak anlamli: p<0.05, kontrole kiyasla. Veriler 2-4 bagimsiz deneyin ortalama+SS'sini gésterir.

Baldemir et al. observed that methanol and water
extracts of H. oelandicum subsp. incanum were rich
in phenolic compounds and had scavenging effects on
both  DPPH and ABTS radicals. Besides, they
mentioned the high correlation between scavenging
effects and the total phenol content of the extracts
(Baldemir et al., 2017). The leaves of the most
common 11 Helianthemum taxa in Spain were
studied for determining the chemical composition and
biological activities and reported as Helitanthemum
cinereum, H. alypoides and H. marifolium constantly
showed the greatest radical scavenging activity,
additionally the ECso value of radical scavenging
activity of water extracts of H. oleandicum subsp.
incanum on DPPH and ABTS radicals was reported
as 43.72 pg ml?! and 96.15 pg ml!, respectively. In
80% MeOH extracts, ECso, values against DPPH and
ABTS are found in order of 66.2 pg ml! and 34 pg ml?
(Rubio-Moraga et al., 2013). Phenolic compounds are
known as natural antioxidants, and there were
studies showing that the amounts of them were
depended on extraction parameters ( Sultana et al.,
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2009; Anokwuru et al., 2011; Demir et al, 2019; Demir
et al., 2020), and also a strong correlation between
phenolic content of extracts, the molecular structure
of compounds and antioxidant activity was drawn
attention in previous studies (Rubio-Moraga et al.,
2013; Benabdelaziz et al., 2017; Baldemir et al., 2017;
Chemam et al., 2017).

Anti-inflammatory Activity

Both ethanol and aqueous extracts possessed in vitro
anti-inflammatory activity by inhibiting heat-induced
erythrocyte membrane hemolysis. The protective
effects of the extracts were enhanced as their
concentration increased, as shown in Figure 1.

Ethanol extracts showed the highest percentage of
inhibition at 20 mg ml?! with 91.33% followed by 10
mg ml! with 90.97%. Aqueous extracts showed
42.74% and 70.48% inhibition at 10 and 20 mg ml1,
respectively. Ethanol extracts exhibited most
significant activity than aqueous extracts, as seen in
Table 3.
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Water extract of H. oelandicum subsp. incanum was
noted lower anti-inflammatory activity than ethanolic

100,00

Protection {%)

extract (IC5=11.49 and 6.07 mg ml!, respectively).

2100 b
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Figure 1 The protective effects of the extracts in different concentrations
Sekil 1 Ekstrelerin farkli konsantrasyonlardaki koruyucu etkileri

Table 3 Anti-inflammatory activity of the extracts
Cizelge 3 Ekstrelerin anti-inflamatuvar aktivitesi

Inhibition Concentrationso (ICs0) (mg ml?)
Inhibisyon Konsantrasyonuso

Ethanolic extract of H. oelandicum subsp. incanum 6.07+0.122
H. oelandicum subsp. incanum etanollii ekstresi

Agqueous extract of H. oelandicum subsp. incanum 11.494+0.012
H. oelandicum subsp. incanum sulu ekstresi

Acetylsalicylic acid (ASA) 0.28+0.01

Asetilsalisilik asit

Q) Statistically significant: p<0.05, compared to control. The data shows mean+SD of 2-4 independent experiments.
(2) Istatistiksel olarak anlamlh: p<0.05, kontrole kiyasla. Veriler 2-4 bagimsiz deneyin ortalama+SS'sini gosterir.

Hypoglycemic Activity

The extracts were tested for hypoglycemic activity
using in vitro assessments of a-glucosidase inhibitory
activity. Ethanol extracts exhibited higher a-
glucosidase inhibitory potential than aqueous
extracts. The ICso values of both ethanolic and
aqueous extracts were found to be close to each other,
2.52 and 3.21 pg mll, respectively and compared with
the standard compound acarbose (IC50=0.90 pg ml).
It was determined that both extracts exhibited strong
inhibition on a-glucosidase as shown, in Table 4.

Terfassi et al. studied a different Helianthemum taxa
called H. getulum an endemic plant to septentrional
Sahara. They mentioned that both the fractions and
extract of plant showed a remarkable inhibition
activity on a-glucosidase and were in agreement with
the present study (Terfassi et al, 2021).

CONCLUSION

In this study, we tested two extracts prepared with
water and ethanol from Helianthemum oelandicum
subsp. incanum from Tirkiye for investigating the in
vitro antioxidant, anti-inflammatory and
hypoglycemic activities in the light of traditional uses

of the plant worldwide. Present results indicate that
although aqueous and ethanolic extracts of the aerial
part of the plant were found to show moderate
antioxidant and anti-inflammatory effects in wvitro,
both extracts of aerial parts of H. oelandicum subsp.
Incanum have potential a-glucosidase inhibitory
activities supporting the traditional use against
diabetes. Further studies are needed to determine the
mechanisms of action and chemical profile of the
plant to decide if the plant could be a promising
candidate for the treatment of diabetes.
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Table 4 a-glucosidase inhibitory activity of the extracts
Cizelge 4 Ekstrelerin a-glukozidaz inhibisyon aktivitesi

Inhibition Concentrationso (ICs0) (ug ml)
Inhibisyon Konsantrasyonuso

Ethanolic extract of H. oelandicum subsp. incanum 2.52+0.012
H. oelandicum subsp. incanum etanollii ekstresi

Aqueous extract of H. oelandicum subsp. incanum 3.214+0.012
H. oelandicum subsp. incanum sulu ekstresi

Acarbose 0.90+0.01

Akarboz

(@ Statistically significant: p<0.05, compared to control. The data shows mean+SD of 2-4 independent experiments.
(2) Istatistiksel olarak anlamli: p<0.05, kontrole kiyasla. Veriler 2-4 bagimsiz deneyin ortalama+SS'sini gdsterir.
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OZET

Findik (Corylus avellana L.), ekonomik degeri yiiksek, kiiresel iiretimi
onemli olan bir Grundir. Ancak findik yapraklar: ile ilgili ¢alismalar
bugiine kadar simirli kalmistir. Bu g¢alismada, Giresun'un iki ayri
bélgesinden toplanan ii¢ cesit (Yagl (Tombul), Sivri ve Ham) findik agaci
yapragl infiizyon yontemi ile ekstrakte edilmistir. Analiz 6ncesinde
ekstraktlarin glove box igerisinde buharlastirilmasi ve o6rneklerin
hazirlanmasi bu c¢alismanin en kritik noktalarindan birisidir.
Ekstraktlarda fenolik bilesiklerin miktarlari, toplam fenolik madde
miktari ve antioksidan aktivitelerinin belirlenmesi amaclanmagtir.
Fenolik bilegiklerin tayini Sivi Kromatografi — Kiitle Spektroskometri
(LC-MS/MS) ile ve toplam fenolik miktar: ise Folin-Ciocalteu yontemi ile
belirlenmistir. Antioksidan aktivite, 2,2-azino-bis(3etilbenzo-tiazolin-6-
siilfonik asit (ABTS-+), 2,2-difenil-1-pikrilhidrazil (DPPH-) radikal
giderme aktiviteleri ve demir (III) indirgeme / antioksidan giic (FRAP)
yontemleri ile test edilmistir. Espiye Merkez'den toplanan tombul findik
agac1 yapragl (TFE) ekstrakt1 en yiiksek ABTS*+ radikal giderme (SCso:
0.00023+3.9506 mg mL1) ve FRAP (882.75+8.24 uM TEAC (Trolox
Esdeger Antioksidan Kapasitesi) antioksidan aktivitesi sergiledi. Ayrica,
Espiye Merkez’den toplanan ham findik agaci yapragn (HFE) (SCso:
0.00033+1.3E9 mg mL1) ve tombul findik agac1 yaprag: (TFE) (SCso:
0.00034+1.7806 mg ml1) ekstraktlarm1 hemen hemen aymi DPPH-
giderme aktivitesi sergiledi. TFE ekstrakti en yiksek toplam fenolik
icerige (163.33+4.36 GAE (Gallik Asit Egdegeri) pg mL! ve 228.67+6.11
KE (Katesin Egdegeri) pg mL1) sahipti. Analizlenen yapraklarda gallik
asit, katesin, epikatesin, taksifolin, elajik asit, kuersetin ve kafeik asit
tespit edilmistir. Giresun’dan toplanan tombul findik yapraklarinda
(TFG) ve sivri findik yapraklarinda (SFY) katesin miktarlar sirasiyla
192.05+1.74 ve 367.63+2.6 pug gl olarak bulunmustur.

ABSTRACT

Hazelnut (Corylus avellana L.) is an essential product with high economic
value in global production. However, studies on hazelnut leaves have
been limited so far. In this study, three types of (Yagh (Tombul), Sivri
and Haz) hazelnut tree leaves collected from two regions of Giresun were
extracted with infusion method. Evaporation of the extracts and
preparation of the samples in the glove box prior to analysis is one of the
most critical points of this study. It was aimed to determine the amounts
of phenolic compounds, the total amount of phenolic content and
antioxidant activities in the extracts. The determination of phenolic
compounds was determined by Liquid Chromatography-Mass
Spectrometry (LC-MS/MS), and total phenolic content was determined by
Folin-Ciocalteu method. Antioxidant activity, 2,2-azino-bis(3ethylbenzo-
thiazoline-6-sulfonic acid (ABTS-*), 2,2-diphenyl-1-picrylhydrazil
(DPPH-)  radical scavenging  activities and iron  (IID
reduction/antioxidant power) tested with FRAP methods. The chubby
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hazelnut tree leaves (TFE) extract collected from Espiye Merkez has the
highest ABTS*+ radical scavenging (SCso: 0.00023+3.9806 mg mL) and
FRAP (882.75+8.24 uM TEAC) (Trolox Equivalent Antioxidant Capacity)
exhibited antioxidant activity. In addition, raw hazelnut tree leaves
(HFE) (SCso: 0.00033+1.306 mg mL1) and chubby hazelnut tree leaves
(TFE) (SCs0: 0.00034+1.7E06 mg mL!) collected from Espiye Merkez
extracts exhibited almost the same DPPH- scavenging activity. TFE
extract had the highest total phenolic content (163.33+4.36 GAE (Gallic
Acid Equivalent) pg mL and 228.67+6.11 CE (Catechin Equivalent) pg
mL1). Gallic acid, catechin, epicatechin, taxifolin, ellagic acid, quercetin
and caffeic acid were detected in the analyzed leaves. The catechin
amounts were 192.05+1.74 and 367.63+2.6 ug g'! in the chubby (TFG) and

pointed hazelnut leaves (SFY), respectively.
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GIRIS getirirler ve bitkilerin ¢esitli kisimlarinda bulunurlar.

Betulaceae familyasmna ait findik bitkisi (Corylus
avellana L.), Avrupa ve Asya’ya 6zgu bir agagtir. C.
Avellana dogal olarak Tirkiye, Ispanya ve Italya gibi
iliman iklimlerde yetismektedir (Bottone ve ark.
2019). Her ne kadar findik ekimi i¢in Tiirkiye ve Italya
baslica iiretici iilkeler olsalar da (diinya mahsuliiniin
%80'1), son yillarda giiney yarim kiire de yeni biiyiime
alanlar1 arasina girmistir (Alasalvar ve ark., 2006).

Diinyada ¢ok sayida Corylus tird bulunmaktadir.
Coylus avellana L. ve melezleri, 6 m yiukseklige kadar
buyuyebilen, yaprak doken, yuvarlak, 6-12 cm
uzunlugunda ve ¢apraz, her iki ylizeyi yumusak tuylu
ve ¢ift tirtiklh agac¢ veya calilar olarak findik tretimi
acisindan en 6nemli tiirleri olustururlar (Oliveira ve
ark., 2007; Masullo ve ark., 2015). Findigin (Corylus
avellana L.) Avrupa’da genis bir cografi dagilima sahip

oldugu bilinmektedir ve genellikle ekonomik
nedenlerle uretimi kontrolli olarak daha ziyade
liman ve kiglarin nemli gectigi  bolgelerle

yapilmaktadir (Silva ve ark., 1996). Findik, Tiirkiyede
ise en ¢cok Karadeniz Bolgesinde yetigsmektedir ve halk
icin ekonomik degeri olan 6nemli kaynaklardan biridir
(Altunpala & Bozoglu, 2018). Findik bu bélgede
yetistirilip islenerek yurt i¢i ve yurt dig1 pazarlarina
sunulmaktadir (Bozoglu ve ark, 2019). Findik
hasadinin bir yan Grtni olan findik agaci yaprag: da
glinimiizde potansiyel bir dogal gida kaynagi olarak
goriilmektedir (Amaral ve ark., 2005).

Bitkisel 1iriinlere deger kazandiran en Onemli
gruplardan birisi sekonder metabolitler icerisinde yer
alan fenolik bilesiklerdir. Aralarinda fenoliklerin de
bulundugu bitki kimyasallarinin arastirilmasina
yonelik ¢calismalar diinyada hizla devam etmektedir.
Bu ikincil bitki metabolizmasindan kaynaklanan
(sekonder metabolitler) bilesikler onemli
biyokimyasal, fizyolojik ve ekolojik iglevler yerine
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Bilinen 6nemli fonksiyonlar: arasinda oksidatif strese
ve UV radyasyonuna karsi koruma, allelopati,
patojenlere karsi direnci arttirma ve hiicre duvarina
malzeme saglayarak yara iyilesmesine katki saglama
bulunmaktadir (Miller & Ruiz-Larrea, 2002; Yao ve
ark., 2004; Pereira ve ark., 2006; Shahidi ve ark.,
2007). Fenolik bilegiklerin icerdigi bir grup olan
flavonoidler, serbest radikalleri giderme konusunda
biiyiik bir yetenege sahiptirler (Miller & Ruiz-Larrea,

2002). Bazi flavonoidlerin, anti-alerjik, anti-
inflamatuar, antiviral, antikanserojenik,
antitrombotik, antihepatotoksik ve antioksidan
aktiviteler dahil olmak tzere c¢esitli biyolojik

aktivitelere sahip oldugu bildirilmistir (Shi & Noguchi,
2001; Sivam, 2002; Yao ve ark., 2004). Findigin
(Corylus avellana L.) yapraginin galenik preparatlari,
vazokonstriktér ve hemorajik 6zellikleri nedeniyle
geleneksel tipta varisli damarlari, hemoroidal
semptomatolojiyi, ulserleri ve orofarenks
enfeksiyonlari tedavi etmek amaciyla
kullanilabilmektedir (Cunha & Pereira, 2003). Ayrica
hafif antidizanterik, antifungal ve sikatrizan
ozellikleri oldugu da bilinmektedir (Bruneton, 1993;
Fraisse ve ark., 1999; Cunha & Pereira, 2003).

Findik agac1 yapraklar1 (Corylus avellana L.) halk
hekimliginde genellikle infiizyon (kaynar suda
bekletme) seklinde kullanilmaktadir (Oliveira ve ark.
2007; Alfredo Bottone ve ark., 2019). Giineydogu
Avrupa ve Giliney Bat1 Asya’ya 6zgu bir Corylus tiri
olan filbert (Corylus maxima L. yapragimin da Tiirk
geleneksel tibbinda, kaynatilarak egzamalarin
tedavisi i¢in ya da yapraklarin parcalar halinde kesilip
bir beze sarilmasi suretiyle siglik ve kizariklik tedavisi
icin kullanilmakta oldugu Tuzlaci ve Aymaz (2001)
tarafindan belirtilmistir. Bir bagska c¢alismada
Portekiz’den toplanan 3 farkli Corylus avellana L.
agac1 yapraginin infiizyon yontemi ile ekstraksiyonu
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yapilarak bazi fenolik bilegikleri tayin edilmis ve
ekstraktin antimikrobiyel 6zellikleri incelenmigtir.
Ilgili calismada ilk defa findik agaci yapraklarinin
antimikrobiyel amagla kullanilabilecegi de
onerilmistir (Oliveira ve ark., 2007).

Bitkilerin ve agaclarin cesitli kisimlar1 (kék, gévde,
kabuk, yaprak, cicek vb.) mevcuttur. Bunlarin her biri
kendine 6zgli ve yiiksek miktarda sekonder
metabolitler icermektedir. Findigin faydalar: lizerine
birgok arastirma yapilmistir ve bu konuda yeni
calismalar yapilmaya da devam etmektedir. Bununla
beraber findik agaci yapraklari tzerine az sayida
calisma yayinlanmigtir ve bu ¢aligmalarin da
genellikle belirli bazi fenolik bilesikler (5-kafeoilkinik
asit, mirisetin 3-ramnozid, kuersetin 3-ramnozid ve
kaempferol 3-ramnozit) iizerine yogunlasilmistir
(Riethmiiller ve ark., 2013). Findik hasadinin bir yan
urina olan findik agaci yapragi cgesitli biyolojik
aktiviteler gosterdiginden potansiyel bir dogal
antioksidan kaynagi olarak goriilmektedir (Shahidi ve
ark., 2007). Ozellikle Giresun ve Ordu sehirlerinin
bir¢cok bolgesinde tonlarca findik yetistirilmektedir.
Ancak, findigin bir yan trina olarak yine her sene
tonlarcast ziyan olan findik yapraklarinin da
potansiyel olarak nutrasoétikler, diyet takviyeleri ve
farmasotik  veya  kozmetik  bilegsenler olarak
kullanilabilecegi bildirilmektedir (Shahidi ve ark.,
2007; Alasalvar ve ark., 2006). Ayrica yapilan
calismalar, findik yan triinlerinin (yaprak, kabuk,
kabuk ve yesil yaprakl 6rtii) icerisinde, findik agaci
yapraginin en yiiksek toplam fenolik icerige ve en
yiksek toplam antioksidan aktiviteye sahip oldugunu
gostermektedir (Shahidi ve ark., 2007). Bu konularda
yapilacak  her calisma, literatiire katkida
bulunacaktir.

Bu calisma, findik yapraginin halk hekimliginde
kullanimina uygun olacak sekilde, kaynar su ile
ekstrakte edilerek; toplam fenolik miktarlarini,
antioksidan aktivitelerini ve bu fenolik bilesiklerden

bazilarinin ~ miktarlarin1  belirlemek amaciyla
yapilmigtir. Infiizyon yontemi c¢alismanin &zgiin
yanlarindan  birisini  olusturmaktadir.  Cinku

Literatiirde findik yapraklarina halk hekimligindeki
etkileri nedeniyle infliizyon yontemi uygulayan sadece
bir calisma mevcuttur (Oliveira ve ark., 2007).
Calismanin 6nemli yanlarindan birisi de 6zel bir 6rnek
hazirlama yonteminin kullanilmis olmasidir. Bu
amagcla, inorganik kimya laboratuvarlarinda havaya
hassas inorganik ve organometalik bilesiklerin
reaksiyonu veya sentezi i¢gin kullanilan glove box
(Ashby & Schwartz, 1974), findik yapraklarindan
ekstrakte edilen biyoaktif bilesiklerin havayla temas
etmeden elde edilmesinde kullamlmigtir. Inorganik
laboratuvarlarinda kullanimi yaygin olan Schlenk
sistemi veya gove box gibi ortamlar, havaya hassas ve
kolay oksitlenebilen biyokatif bileseiklerin (resveratrol
ve karotenoidler gibi) vakum ortaminda eldesinde
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nadiren kullamlmistir (Dall ve ark., 1995, McAndrev
ve ark. 2016, Seker ve ark., 2021). Bu amacla,
calismada tayini yapilan biyoaktif bilesiklerin,
ekstraktlardan evaporatéor ve sizme pompasl
kullanilmadan glove box igerisinde eldesi ilk defa
yapilmigtir. Ayrica findik yaprag ile ilgili literatirde
bulunan ¢alismalarda genellikle ayn1 baskin biyoaktif
bilesikler caligilmistir (Amaral ve ark., 2005; Amaral
ve ark., 2010; Riethmiller ve ark.; 2013, Bottone ve
ark., 2019). Baz1 fenolik asitleri (kafeik, p-kumarik,
ferulik ve sinapik) sadece Alasalvar ve arkadaslari
calismistir (Alasalvar ve ark., 2006; Alasalvar ve ark.,
2007). Katesin, epikatesin, taksifolin, elajik asit,
serbest kuersetin gibi fenolik bilesiklerin miktarlar:
ise ilk defa bu ¢alismada belirlenmigtir. Literatiirde
yer alan calismalarda, findik yapraginin belirlenen
antioksidan etkilerine bu fenolik bilesiklerin de katk:
sagladigi yapilan ¢alisma ile gésterilmis olmaktadar.

Findik yaprag: ekstraktlarinin in vitro antioksidan
aktivitelerini arastirmak icin 2,2-azino-bis (3etilbenzo-
tiazolin-6-stilfonik asit (ABTS++) ve 2,2-difenil-1-
pikrilhidrazil (DPPH*) radikal giderme ve demir (III)
indirgeme / antioksidan gic (FRAP) testleri
uygulanmigtir. Bunlarin yaninda toplam fenolik igerik
Folin-Ciocalteu yontemiyle belirlenmistir. Fenolik
bilesiklerin tayini LC-MS/MS ile yapilmistir. Cografi
konum, iklim kogullar1 ve tarimsal uygulamalar gibi
cesitli faktorler Dbitkilerin kimyasal bilesimini
etkileyeceginden dolay1 (Amaral ve ark., 2010) Giresun
sehrinde iki bélgeden, ayn tire ait lger farkli yaprak
ornekleri tizerinde ¢alisilmigtir.

MATERYAL ve METOD

Reaktifler ve Kimyasallar

Katesin, epikatesin, taksifolin, kuersetin, gallik asit,
ferulik asit, kafeik asit, elajik asit standartlar1 Sigma
Aldrich’den (Steinheim, Germany), HPLC saflikta
¢Oziici metanol, etil asetat, ekstraksiyon sirasinda
kullanilan sodyum kloriir (NaCl) ve kurutmada
kullanilan  sodyum  siilfat (Na2S0O4) Merck
(Darmstadt, Germany) firmasindan satin alinmistar.

Toplam fenolik ve antioksidan aktivite tayinlerinde
kullanilan DPPH-+, 2,4,6-Tris(2-piridiD)-s-triazin
(TPTZ), Folin-Ciocalteu reaktif fenol ve Trolox® (6-
hidroksi-2,5,7,8-tetrametilkroman-2-karboksilik asit)
Sigma Aldrich'den (Steinheim, Germany) satin
alinmigtir. Deneylerde kullanilan ultra saf deiyonize
su Sartorius ultra saf su aritma sisteminden elde
edilmigtir.

Ornekleme yerleri

Bu c¢alismada kullanmilan findik yapraklari, Giresun
Merkez Osmaniye ve Giresun Espiye Kale
bolgelerinden toplanmigtir. Bu amagla kullanilan
findik agaci yapraklari ve kodlar1 Cizelge 1'de
verilmigtir.
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Cizelge 1. Findik agaci ¢esitleri ve karsilarinda yapraklarin toplandig: yerler ve kisaltmalari.
Table 1. Hazelnut tree varieties and the places where the leaves are collected and their abbreviations.

Findik Agac1 Yapragi
(Hazelnut Tree Leaf)

Toplandiga Yer (Kisaltmas1)

(Gatherin g Place (Abbreviation))

Tombul findik agaci yaprag: 1 \ Giresun Merkez (TFG)
Sivri findik agaci1 yaprag: 1 Giresun Merkez (SFG)
Ham findik agaci yaprag: 1 \ Giresun Merkez (HFG)

Tombul findik agaci1 yaprag: 2

Espiye Merkez (TFE)

Sivri findik agaci yaprag: 2

Espiye Merkez (SFE)

Ham findik agaci yaprag: 2

Espiye Merkez (HFE)

Fenolik  Bilegiklerin  Sivi  Kromatografi/Kiitle
Spektrometresi (LC-MS/MS) ile Analizi

LC-MS/MS analizleri C18 kolon (ODS Hypersil,

Cizelge 2. LC-MS/MS hareketli faz sartlari.
Table 2. LC-MS/MS mobile phase conditions.

4.6*250mm 5pm) kullamilarak 30 °C'de ve 0.7 mL dak- | Sekika | %d (o 0.1 Formik AsidliSu) | "0l (w100 Metanol)
1 akis hizinda yapilmistir (Seker ve ark., 2021). 0 100 0
Enjeksiyon hacmi 20ul. ve toplam analiz siiresi 20 1 100 0
dakikadir. Mobil faz olarak A: %0.1 formik asitli su ve 12 5 95
B %100 ’metanol l?ull'an.llmlstlr. Analiz test kogullari 15 5 95
Cizelge 2’de gosterilmistir. 20 0 100
LC-MS/MS analizlerine ait alikonma zamanlari,
carpisma enerjileri ve Uirtinler Cizelge 3’de verilmistir.
Cizelge 3. LC-MS/MS analizine ait bazi degerler.
Table 3. Some values of LC-MS/MS analysis.
Alitkonma Zamani | Analizlenen Madde Ana ['yon Uriin ['yon Carpisma Enerjisi
(dakika) Analyzed Substance Parent Ion Product Ion eV)
Retention Time (minute) Collision Energy (eV)
8.92 Gallik Asit 169.7 80.50 25
126.20 16
10.92 Katesin 289.2 245.70 17
203.90 22
11.26 Epikatesin 291.5 139.30 16
123.30 15
11.80 Kafeik Asit 179.7 136.20 18
135.20 27
12.57 Taksifolin 303.0 126.20 23
285.50 15
12.88 Ferulik Asit 195.4 89.40 30
177.40 7
13.99 Ellagik Asit 300.9 229.70 28
284.50 32
14.67 Kuersetin 301.00 152.10 23
179.90 10

LC-MS/MS analizi i¢in kapiler sicaklhign 300 °C,
buharlastiric1 sicakhigr 350 °C, dengeleyici gaz basinci
30 psi, aux gaz basinc1 4 psi, pozitif ve negatif sprey
voltajlar1 2500 V olarak ayarlanmigtir.

Ornek Hazirlama ve Ekstraksiyon

Giresun ilinin iki ayr1 bélgesinden Corylus avellana
turinun 3 farkli varyetesine ait yapraklari hasat
zaman1 toplanmigtir. Yapraklar goélgede ve agik
havada  kurutulmustur.  Ardindan  yapraklar
ogutiilerek toz haline getirilmis ve her bir tir igin
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10.000 + 0.010 g'hk 3 paralel 6rnek tartilmigtir.
Ornekler 150 mL kaynayan suda 15 dakika ekstrakte
edildikten sonra oda sicakligina kadar sogumaya
birakilmigtir. Oda sicakligina kadar sogumus olan
ekstrakt once santrifijlenip daha sonra kalan
stspansiyon suizlilerek ayirilmigtir. Stiziilerek ayrilan
koyu renkli ¢ozelti lizerine doygunluga kadar tuz
(NaCl) eklenmistir (Masquelier, 1987). Céken kisimlar
tekrar santrifiijlendikten sonra kalan siispansiyon
tanecikler stiziilerek ayrilmistir. Elde edilen agik
renkli ¢ozelti 25 mL etil asetat ile 3 kez ekstrakte
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edikten sonra (Tallini ve ark., 2015) etil asetat fazlar
toplanmig ve etil asetat icinde kalabilecek su, sodyum
stlfat ile kurutulmustur. Konvansiyonel yontemlerde
ise elde edilen etil asetat faz evaporatoér yardimiyla
50°C’de deristirilmekte ve derigik kisim alinarak
tizerine kloroform eklenmektedir (Masquelier, 1987).
Boylece fenolik bilegikler c¢okertilmekte, c¢okelek
vakum pompasi yardimiyla stiziilerek acik havada elde
edilmekte ve kurutulmaktadir. Biyoaktif bilegiklerin
kolay bozunabildigi, 1s1 etkisi, oksijen varhigi ve pH
gibi faktorlere baglh olarak oksidasyona ugrayip farklh
tiurlere donlstiigi, renklerinin degistigi bu durumun
da sonuclar etkiledigi bilinmektedir (Biesaga ve ark.,
2014; Lucille Pourcel ve ark., 2007). Bu nedenle kalan
etil asetat faz konvensiyonel yontemlerden farkl
olarak evaporatorde degil, vakumda azot gazi altinda
glove box i¢ginde tamamen ugurulmustur. Stizme i¢in
vakum pompasi kullanilmadigindan elde edilen ¢okelti
oksijensiz ortamda izole edilmistir. Bu yontemle elde
edilen c¢okelti hem evaporatorin 1sisina maruz
kalmamis hem de havayla temasi engellenmistir. Elde
edilen bej renkli kat1 kisstm %25 (h/h)’lik metanol/su
coziicisiinde ¢6zlilmiis ve analize kadar +4 °C
buzdolabinda saklanmigtar.

Folin-Ciocalteu Yontemi ile Toplam Fenolik Madde
Tayini

Findik agaci yaprak ekstraktlarinin toplam fenolikleri
Slinkard ve Singleton yontemine gore standart olarak
gallik asit ve katesin  kullanilarak  bazi
modifikasyonlarla  Folin-Ciocalteu  reaktifi ile
belirlenmistir (Slinkard & Singleton, 1977). Biitiin
numuneler stok ¢ézeltiden 1:4 oraninda seyreltilerek
hazirlanmigtir. 50 pLL numune c¢o6zeltisi 2.5 mL
damitilmig su ile seyreltilmig ve 250 uLL 0.2 N Folin-
Ciocalteu reaktifi eklenmistir. Vortekslendikten ve 3
dakikalik bir inkiibasyon periyodundan sonra 750 uL
Na:C0s (% 7.5) ilave edilmis ve karisim
vortekslenmigtir. Daha sonra 2 saat boyunca ortam
sicakliginda inkiibe edildikten sonra 765 nm’de
absorbans Ol¢iilmiistiir. Her bir numune ve standart
konsantrasyonu 3 paralel ¢aligilmistir. Ayrica her bir
numune ve standardin her bir konsantrasyonu i¢in
numune ve reaktif korii ¢aligilmigtir. Toplam fenolik
icerik, gallik asit ve katesin standartlarinin 15.6-1000
pg mL1! konsantrasyon araliginda ayri ayri ¢izilen
kalibrasyon grafikleri kullanilarak, mL numunesi
bagina pg gallik asit ya da katesin esdegeri olarak
ifade edilmistir.

Demir (ITI) Indirgeme / Antioksidan Kuvvet (FRAP)
Yontemi

Bu calismada kullanilan yontem, daha sonralari
geligtirilen TPTZ-Fe (II) kompleksinin verdigi
absorbansin él¢iimiine dayanmaktadir (Benzie &
Strain, 1999). Biitiin numunelerin aktiviteleri, 31.25-
1000 pM araliginda Troloks kullanilarak elde edilen
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kalibrasyon grafigi hazirlanarak, mikromolar TEAC
(Troloks Egdeger Antioksidan Kapasite) olarak
belirlenmigtir. Biitin numuneler stok ¢6zeltiden 1:4
oraninda seyreltilerek hazirlanmigtir. Yontemde
kisaca, 50 ul’ lik 6rnek 1.5 mL FRAP reaktifi ile
karistirilmistir (asetat tamponu, TPTZ ve FeCls.6H20)
ve oda sicakliginda 20 dakikalik inkiibasyon sonunda
595 nm’de absorbanslar okunmustur.

ABTS+ Radikal Giderme Yontemi

ABTS -+ radikal giderme yontemi, Re ve arkadaslar
(1999) tarafindan modifiye edilen prosediire
dayanmaktadir. Kisaca, 7 mM ABTS ve 2.45 mM
potasyum persulfat ¢ozeltileri karigtirilmigtir. ABTS
radikal katyonunu (ABTS*) hazirlamak i¢in 16-20 saat
oda sicakhiginda karanlikta bekletilmistir. Kullanima
hazir hale gelen mavi-yesil renkli ABTS+* radikal
cozeltisi, 734 nm’de gosterdigi absorpsiyon 0.70 (£0.02)
olacak sekilde seyreltilmistir. Her bir deney tipiine 50
pL numune + 1950 pL. ABTS radikal ¢o6zeltisi
pipetlenmigtir. 20 dakika oda sicakligindaki
inkiibasyon sonunda 734 nm’de absorbans degerleri
okunmustur. Her bir numune ve standart
konsantrasyonu iki paralel c¢aligilmistir. Ayrica
numune/standardin her bir konsantrasyonu i¢in birer
kor c¢aligilmistir. Bulunan absorbansa karsilik gelen
konsantrasyonlar grafige gecirilerek SCso degerleri mg
mL! cinsinden hesaplanmastir.

DPPH - Radikal Giderme Yontemi

Radikal giderme aktivitesi yaygin olarak kullanilan
DPPH radikali kullanilarak test edilmistir (Cuendet
ve ark., 1997). Biitin numunelerde 6n deneme
yapilarak calisma araligr belirlendi ve standartlar
(BHT, Troloks,) degisik konsantrasyonlarda
hazirlanmigtir. Oncelikle gerekli tiiplere numuneler
pipetlendi ve daha sonra esit hacimde (750 nL) 100 uM
metanolik DPPH+ c¢ozeltisi eklenerek vortekslenmis
ve 50 dakika oda sicakliginda inkiibe edilmigstir. Stre
sonunda DPPH *’1n maksimum absorbans verdigi 517
nm’de absorbanslar okunmustur. Hesaplamalarda
paralellerin ortalamasi1 alinarak koér degerleri bu
ortalamadan c¢ikarilmigtir. Bulunan absorbanslara
karsilik gelen konsantrasyonlar grafige gecirilerek
SCso0 degerleri mg mL! cinsinden hesaplanmigtir.

BULGULAR ve TARTISMA
LC-MS/MS ile Fenolik Bilesen Analizi

Findik yaprag: ile yapilan az sayidaki calismada,
yapraktaki baskin turlerin myricetin, kaempferol ve
quercetin ile bunlarin tirevlerinden olustuklar:
goriilmektedir. Bu calismalarda ekstraksiyon iglemleri
genellikle metanol ve etil asetat kullanilarak
yapilmigtir. Yaprak igeriklerinin ve miktarlarinin
belirlenmesinde en ¢ok kullanilan yéntemler HPLC-
DAD ve LC-MS/MStir. Corylus maxima tirlerinde
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mirisetin-3-O-ramnozid ve kuersetin-3-O-ramnozid
miktarlarinin sirasiyla 30 ve 20 pg mg?! oldugu
bildirilirken (Riethmiillera ve ark., 2015) Corylus
avellana turlerinde ise bu miktarlarin daha da yiksek
oldugu gésterilmistir (Riethmiillera ve ark., 2013;

2016). Bunlarin disinda yaprakta cok cesitli fenolik
bilesiklerin de oldugu belirtilmektedir (Riethmiillera
ve ark., 2013). Fakat bunlar {izerine yapilan
caligmalar  oldukca simirhdir  ve sonuclari
karsilagtiracak arastirma bulunmamaktadir.

Cizelge 4. Findik agaci yapraklarindaki fenolik bilesiklerin kantitatif sonuglar: (ug g')
Table 4. Quantitative results of phenolic compounds in hazelnut tree leaves (ug g)

Fenolik Bilesik TFG SFG HFG TFE SFE HFE
Phenolic Compound

Gallik Asit 1.65+0.04 22.57+0.13  4.90+0.01 4.24+0.01 5.88+0.02 5.21+0.02
Gallic Acid

Kategin 192.05+1.74 367.63+2.6 T.E. T.E. T.E. T.E.
Catechin

Kategin Tiirevi T.E. T.E. 776.15+6.12 868.26+6.71 451.2+3.16 1441.51+£12.16
Catechin Derivative

Epikategin 6.84+0.06 22.70+0.12 33.01+0.22 31.44+0.19 13.32+ 0.03 38.25+0.24
Epicatechin

Taksifolin 0.84+0.02 0.73+0.01 2.60+0.02 0.54+0.00 0.71+0.00 1.89+0.00
Taxifolin

FElajik Asit 9.568+0.03 2.54+0.01 4.56+0.03 8.16+0.03 3.00+0.01 6.156+0.02
Ellagic Acid

Kuersetin 5.56+0.01 1.26+0.11 4.10+0.02 5.16+0.02 0.77+0.00 2.13+0.01
Quercetin

Kafeik Asit 0.54+0.00 10.62+0.03  7.4440.03 11.15+0.03 5.23+0.02 1.98+0.00
Caffeic Acid

Ferulik Asit T.E T.E. T.E. T.E. T.E. T.E.
Ferulic Acid

T.E. Tespit Edilemedi (T.E.)

Veriler, ticlii 6l¢iimlerin ortalama =SD (standart sapma) olarak temsil edilir.

Turkiye’de Giresun findig1 ve kisimlar1 ile ilgili
Alagalvar ile arkadaslar: tarafindan cesitli calismalar
yapilmistir. Bu c¢alismalardan birinde findik
yapraginda 5 cesit fenolik asit (gallik asit, kafeik asit,
ferulik asit, p-kumarik asit ve sinapik asit) aranmis ve
bunlarin miktarlar1 belirlenmistir. Sonucglar bu
maddelerin serbest ve esterlesmis halleri olarak
toplam miktarlar halinde verilmistir (Alagalvar ve
ark., 2007).

Bu calismada ise, sinapik ve kumarik asitler
analizlenmemis bunlarin yerine taksifolin, katesin
epikatesin, elajik asit ve kuersetin miktarlari tayin
edilmeye calisilmigtir. Analiz sonuglar1 Alagalvar ve
ark. (2007) sonuclariyla genel olarak uyusmakla
birlikte Giresun Osmaniye ve Giresun Espiye'den
toplanan agag yapraklarinda ferulik asit
bulunamamistir. Alasalvar ve ark. (2007) ferulik asit
ve diger fenolik asitlerin miktarimi toplam olarak
(serbest + esterlesmis toplami) verdiginden serbest
miktarin olup olmadig: belli degildir. Ornegin ¢otanak
(findig1 saran yaprak benzeri kilif) ile yaptiklar1 bir
calismada esterlesmis halde ferulik asit ve kafeik asit
bulunmugken serbest halde ferulik asit ve kafeik asit
bulunmadig1 bildirilmistir (Alasalvar ve ark., 2006).
Alasalvar, ve ark. (2007) yapraklardaki toplam gallik
asit miktarini 157 pg gt ekstrakt olarak ifade ederken,
TFG ve SFG orneklerinde sirasiyla en disik ve en
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yiksek serbest gallik asit miktarlar1 1.65-22.57 ug g!
olarak bulunmustur (Cizelge 4). Yine bulunan kafeik
asit miktarlar1 kargilagtirilacak olursa, Alasalvar ve
ak. (2007) toplam kafeik asit miktarini gram ekstrakt
basina 362 mikrogram bulurken TFG ve TFE
orneklerinde serbest kafeik asit miktarlar: gram 6rnek
bagsina 0.538-11.152 mikrogram olarak bulunmustur.
Bu sonuclar toplam 6rnek miktar: (g) iizerinden
verildigi i¢cin Alagalvar ve arkadaslarimin ekstrakt
iizerinden (ug g'1) verilen sonuclarina gére daha diisiik
cikmigtir (Alasalvar ve ark., 2006; Alasalvar ve ark.,
2007).

Bu fenolik asitlerin digsinda findik yapraklarinda
katesinler ve diger fenoliklerin miktarlar: tizerine
literatirde g¢alisma bulunmamaktadir. Analizlenen
orneklerden Giresun Osmaniye’den toplanan yagh ve
sivri findik agaci yapraklarinda yliksek miktarlarda
katesin bulunurken diger aga¢ yapraklarinda ylksek
miktarlarda katesin tiirevleri oldugu tespit edilmistir.
Yine tim tlrlerde epikatesin tespit edilmistir. Bu
anlamda findik yapragimin katesin  tlrevleri
bakimindan zengin bir kaynak oldugu
anlagilmaktadir. Katesin, epikatesin, taksifolin, elajik
asit ve serbest kuersetin miktarlar1 ilk defa bu

¢alismada tayin edilmistir. Corylus avellana
tirlerinde mirisetin tirevlerinin %60 oraninda
antioksidan  aktiviteye  katildigi = bildirilmistir
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(Riethmiillera ve ark., 2016). Diger tiirlerin hepsinin
antioksidan 6zellik gésteren ve antioksidan aktiviteye
katkida  bulunan  fenolik  bilesenler  oldugu
bilindiginden dolay1 geri kalan %40lik antioksidan
aktiviteye  bu  tirlerin de etkisi  oldugu
anlagilmaktadir. Sekonder metabolitlerin i¢eriklerinin
aymi findik tird ve Urunleri i¢in boélgeden bolgeye,
mevsimden mevsime veya farkl findik tirine gore de
degistigi goriilmektedir (Amaral ve ark., 2010). Findik
yapraklarimin halk hekimligindeki kullanimlari
dikkate alindiginda, diger c¢bzgenler yerine infiizyon
yontemiyle elde edilen sonuglar, insan saghg
tuzerindeki etkilerin degerlendirilmesinde daha
belirleyici olacaktir.

Antioksidan aktivite

Bu c¢alismada findik agaci yaprak ekstraktlarinin
antioksidan potansiyellerini belirlemek igin DPPH -,
ABTS-+ ve FRAP yontemleri kullanilmistir (Cizelge
5). Ayrica Folin-Ciocalteu yéntemi ile toplam fenolik
madde (TPC) miktar1 tayin edilmistir. ABTS+* ve
DPPH- test sonuclari SCso (mg mL?) (baslangig
radikal konsantrasyonunu yariya diigiren numune
konsantrasyonu), FRAP sonuclar1 uM TEAC (Trolox
Esdegeri Antioksidan Kapasite) ve TPC sonuclari
gallik asit esdegeri (GAE pug mL) ve katesin esdegeri
(KE, ng mL) olarak ifade edilmistir. SCso degerinin
diigiik olmasi, TEAC degerinin yuksek olmasi1 ve TPC
miktarimin  yiksek olmas1 yiiksek antioksidan
aktivitenin oldugunu géstermektedir (Karacelik ve
ark., 2015; Seker ve ark., 2021).

Cizelge 6. Findik yapragi ekstraktlarinin ve standartlarin toplam fenolik icerigi ve antioksidan aktivitesrx
Table 6. Total phenolic content and antioxidant activity of hazelnut leaf extracts and standards*

Numune ve

Antioksidan aktivite | Antioxidant Activity

standartlar/ TPC TPC . .

i . DPPH - giderme ABTS * giderme FRAP
Samples and  (GAE, pgml) (KB pgmlY) (50, mgml1)  (SCa mgmL?) — (TEAG M)
HFG 105.95+4.59 148.33+6.43 0.00060+1.6E05 0.00045+3.6E06 496.27+1.80
HFE 99.29+1.24 139.00+1.73 0.00033+1.3E06 0.00026+1.4E05 481.18+8.17
TFG 96.67+1.65 135.33+2.31 0.00231+1.0E05 0.00161+2.7E05 416.08+9.88
TFE 163.33+£4.36 228.67+6.11 0.00034+1.7E06 0.00023+3.9E-06 882.75+8.24
SFG 108.33+£3.38 151.67+4.73 0.00088+1.4E05 0.00068+6.0E06 514.12+13.76
SFE 138.57+6.89 194.00+9.64 0.00051+1.1E05 0.00043+5.1E06 615.69+10.79
Troloks NT NT 0.00391+2.7E05 0.00342+1.9E04 #
BHT NT NT 0.00899+1.7E04 0.00053+9.9E-06 NT
Gallik asit # NT NT NT NT
Katesin NT # NT NT NT

x: Test sonugclari, {i¢c deneyin ortalama + standart hatasi (SD) olarak ifade edilmistir.

#: TEAC degerlerinin hesaplanmasinda kalibrasyon egrisi olusturmak i¢in Trolox ve TPC degerlerini elde etmek i¢in gallik asit
ve kuersetin kullanildi. NT: Test edilmedi. TPC: Toplam fenolik icerik. DPPH «: 2,2-difenil-1-pikrilhidrazil. ABTS-*:2,2'-azino-
bis(3-etilbenzotiazolin-6-siilfonik asit). FRAP: Demir (ITI) indirgeme / antioksidan kuvvet. TEAC: Trolox esdeger antioksidan
kapasite. SCs0: %50 radikal gidermeye neden olan antioksidan konsantrasyonu. BHT: Biitillenmis hidroksitoluen. GAE: Gallik

asit esdegeri. KE: kategin esdegeri.

Bitin numuneler c¢alisilan konsantrasyonlarda
oldukca etkili DPPH* ve ABTS** giderme aktivitesi
sergilemistir (Cizelge 5). Numuneler DPPH test
sonuclarina gore, BHT'den yaklasik 2.30-27.24 kat
Troloks’dan ise yaklagik 1.69-11.85 kat daha yuksek
antioksidan aktivite gostermistir. ABTS test
sonuclarina gore, numuneler Troloks’dan yaklasik
2,12-14,87 kat BHT’den 1,18-2,30 kat daha yuksek
radikal giderme aktivitesi gostermistir. Findik agaci
yapraklarimin sulu ekstraktlari1 arasindan HFE ve
TFE sulu ekstraktlari en yiiksek DPPH-+ (SCso:
0.00033+1.3E9¢ mg mI1 ve SCs0: 0.00034+1.7E %6 mg
mL1) ve ABTS** (SCso: 0.00026+1.4E05 mg mL1 ve
0.00023+3.9E% mg mL) radikal giderme aktivitesi,
TFG sulu ekstrakti (SCso: 0.00231+1.0E9 mg mL! ve
SCso:  0.00161+2.7E9 mg mL1) ise en diisik
antioksidan aktivite géstermistir. DPPH* ve ABTS**
radikal giderme test sonucglar1 arasinda yliksek bir
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dogrusal korelasyon katsayis1 (R2:0.9962)
belirlenmigtir. Ayrica, Cizelge 5 ’e gore Giresun
Osmaniye’den toplanan numuneler (HFG, SFG ve
TFG) ile Espiye Kale’den toplanan numunelerin (HFE,
SFE ve TFE) karsilastirllmasinda en yiiksek
aktiviteye Espiye Kale’den toplanan numunelerin
sahip oldugu gorilmiustir.

Findik yaprag sulu ekstraktlarinin demir (III)
indirgeme / antioksidan kuvveti (FRAP) calismas: ilk
defa bu calismada yapilmigtir. Numunelerin demir
(ITT) indirgeme kuvvetleri 882.75+8.24, 615.69+10.79,
514.12+13.76, 496.27+1.80, 481.18+8.17 ve
416.08+9.88 uM TEAC olup Cizelge 5'de gosterilmistir.
FRAP sonuglar karsilastirildiginda demir indirgeme
potansiyeli en yiiksek TFE (882.75+8.24 pnM TEAC)
olup antioksidan aktivitesi en yiliksektir. En distk
FRAP degeri TFG (416.08+9.88 uM TEAC)
numunesinde tespit edilmistir. FRAP degerleriile TPC
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degerlerine kars: cizilen lineer grafikte, iki yontemin
sonuclar1 arasinda iyi bir pozitif korelasyon tespit
edilmistir (R2: 0.9359).

Findik agaci yapraklarinin sulu ekstraktlarindaki
toplam fenolik icerik ve antioksidan aktivitelerinde
énemli farkhliklar gozlenmistir (Cizelge 5). TPC
miktarlar1 GAE cinsinden 96.67+1.65 - 163.33+4.36 pg
mL1 araliginda olup KE cinsinden 135.33+2.31 -
228.67+6.11 pg mLtarahigindadir. TFE ekstrakti diger
ekstraktlar ile karsilastirildiginda en yiuksek toplam
fenolik icerige (163.33+4.36 GAE pg mL1! ve
228.67+6.11 KE pg mL1) sahip oldugu gézlenmistir.
TFG ekstrakti, diger findik agaci1 yapraklarindan elde
edilen ekstraktlardan énemli 6l¢lide daha disiik bir
fenolik icerige (96.67+1.65 GAE ug mL1 ve 135.33+2.31
KE pg mL1) sahiptir. TFE ekstraktinin, antioksidan
aktivite testlerinde yuksek aktivite gostermesi
nispeten toplam fenolik madde miktarimin yuksek
olmasinin sonucu olabilir.

Literatir ile kiyaslama yapmak icin en ylksek
antioksidan aktiviteye sahip HFE ve TFE
ekstraktlarinin 0.0004 mg mL1! konsantrasyondaki
%DPPH+ giderme aktivitesi sirasiyla %60.47 ve
%58.25 ve %ABTS+* giderme aktivitesi sirasiyla
%76.87 ve %85. 62 olarak hesaplanmistir. Bu sonuclar,
C. avellana L. yapraklarinin sulu ekstraktlar: (0,5 mg
mL7de %93.1) (Oliveira ve ark., 2007) ve findik
metanol ekstraktlar: (2 mg mLVde %14.2) (Moure ve
ark., 2001) icin literatiirde aciklanan %DPPH-
giderme aktivite degerlerinden daha yiliksektir.
Oguzkan ve arkadasglari, yiksek konsantrasyonlarda
C. avellana L. tipi1 findigin yesil kabuk ve yaprak
ekstraktlarinin DPPH« giderme aktivitesinin (ECso:
3.42 ng mL! ve ECso: 52.52 pg mL1) standartlara
kiyasla daha diisik antioksidan aktivite gosterdigini
tespit etmistir (Oguzkan ve ark., 2016). Bir baska
calismada, maserasyon, infiizyon ve SLDE-Naviglio
gibi farkli ekstraksiyon prosedurleri kullanarak
hazirlanan C. avellana L. cv. Tonda di Giffoni yaprak
ekstraktlarimin ABTS++ giderme aktivite degerleri
ECs0: 1.15 £ 0.02 - 1.62 + 0.01 mg mL! araliginda olup
DPPH -+ giderme aktivite degerleri ECs0: 100.33 + 2.68
- 195.08 + 3.81 pg mL! araliginda tespit edilmistir
(Cerulli ve ark., 2018). Fenolik bilegiklerin kanser,
kalp hastalig1 ve ¢esitli norodejeneratif hastaliklarin
riskini azalttig1 literatiirde bildirilmistir (Shahidi ve
ark., 2015; Costa ve ark., 2017). Fenolik bilesiklerin bu
ozellikleri sahip olduklar: antioksidan 6zelliklerinden
kaynaklanmaktadir (Riethmuller ve ark., 2016). Hem
findik ¢ekirdeginde hem de yan iiriinlerinden (findik
zar1, sert kabuk, yesil yaprakl 6rtii, agac yaprag: gibi)
elde edilen ekstraktlarin gii¢li antioksidan aktiviteler
sergiledikleri bildirilmistir (Alasalvar ve ark., 2006;
Alasalvar & Shahidi, 2009; Bolling ve ark., 2011;
Alasalvar & Bolling, 2015). C. avelland min yan
trinlerinden elde edilen ekstraktlarin findik
¢ekirdegine gore daha gilgli antioksidan aktivite
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sergiledikleri gériilmiistiir (Alasalvar ve ark., 2006;
Oliveira ve ark., 2007; Shahidi ve ark., 2007; Cerulli ve
ark., 2017; Esposito ve ark., 2017; Cerulli ve ark., 2018;
Bottone ve ark., 2019). Bu calismadan elde edilen
veriler findik ¢ekirdegi ve kabuguna ek olarak findik
agaci1 yapraklarinin da potansiyel olarak miikemmel
ve kolayca bulunabilen bir dogal antioksidan kaynak
olarak distiniilebilecegini ortaya koymustur.

SONUC ve ONERILER

Bu ¢alisma sonuglarina gére C. avellana yapraklarinin
kayda deger bir antioksidan fenolik kaynagi oldugu
one surilebilir. Ayrica findigin farkhi kisimlarindan
elde edilen ekstraktlarin, c¢esitli oksidatif stresle
iligkili hastaliklarin tedavisi i¢in yeni dogal
antioksidan urinler gelistirmek acisindan ayrintili
farmakolojik c¢alismalar i¢in degerlendirilebilecegini
de gostermektedir. Findik yapragindaki antioksidan
etkiye major turler disinda katesin, epikatesin, elajik
asit, taksifolin, gallik asit, kafeik asit ve kuersetin gibi
fenolik bilesiklerin de katkisi oldugu ifade edilebilir.
Ornek ekstraksiyonlarinin infiizyon yontemi ile
yapilmasi ve bu sekilde elde edilen ekstraktlarin

antioksidan etkilerinin incelenmesi, halk
hekimligindeki kullanima uygun oldugu igin
onemlidir. Son olarak tayini yapilan fenolik

bilesiklerin havaya hassas olduklar1 i¢in glove box
icinde, havayla hi¢ temas etmeden elde edilerek
¢Ozeltiye alinmalar1 ve analize gonderilmeleri bu
turlerin  oksidasyona ugramamalari  ac¢isindan
onemlidir.
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ABSTRACT

In this study, aimed to investigate the effect of bacterial fertilizer: A
(Bacillus spp., Trichoderma spp. ), B (Azorhizobium, Azotobacter and
Azospirillum) and C (Azotobacter spp., Bacillus spp. and Pseudomonas
putida) on soil carbon mineralization. On the application of A, B and C
bacterial fertilizers on the sterilized control soil, whose initial carbon
mineralization rates is 1.1%, mineralization rates of 5.12%, 3.54%, and
10.78% were respectively recorded. According to these results, it was
observed that the application of bacterial fertilizer increased the carbon
mineralization rate of the sterilized control soil by 365.45%, 221.82% and
880%, respectively. A carbon mineralization rate of 7.03%, 6.15% and
12.95% was recorded in the non-sterilized soil sample whose initial
carbon mineralization rate is 5.1%, thereby increasing the mineralization
rate by 25.31%, 9.63% and 130.84%. The application of the bacterial
fertilizer to the soil was found to increase the soil carbon mineralization
rate. It is recommended to incorporate bacterial fertilizers with COq-
sequestering materials, such as biochar, to mitigate the fluctuations in
the natural balance due to carbon release.
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Farkli Bakteriyel Giibrelerin Toprak Karbon Mineralizasyonu Uzerine Etkisi

OZET

Bu calismada, farkh icerikteki A (Bacillus spp., Trichoderma spp. ), B
(Azorhizobium, Azotobacter ve Azospirillum) ve C (Azotobacter spp.,
Bacillus spp. ve Pseudomonas putida) bakteriyel giibrelerinin toprak
karbon mineralizasyonu tuzerindeki etkisini arastirmayir amaclandi.
Karbon mineralizasyon orani %1,1 olan steril edilmis kontrol topragina
A, B ve C bakteri giibreleri uygulanmig ve karbon mineralizasyon
oranlar1 sirasiyla %5,12, %3,54 ve %10,78 olarak ol¢ulmustir. Bu
sonuclara goére bakteri glibresi uygulamanin steril edilmig kontrol
topraginin karbon mineralizasyon oranini sirasiyla %365,45, %221,82 ve
%880 oraninda arttig1 gorilmustir. Karbon mineralizasyon orani %5,1
olan steril edilmemis toprak orneginde de A, B ve C bakteri gibre
uygulamasinin karbon mineralizasyon oranlari sirasiyla %7,03, %6,15 ve
%2,95 olarak Olcilmiis olup bakteri giibre uygulamasinin karbon
mineralizasyon oranim sirasiyla %25,31, %9,63 ve %130,84 arttirdig:
belirlenmigtir. Calismanin sonunda bakteriyel giibre uygulamasinin
toprak oOrneklerinde karbon minerallesmesini artirdigi sonucuna
varilmistir. Bu artisin dogal dengeyi bozmasini 6nlemek igin bakteri
gliibreleri uygulanmirken biochar gibi karbon baglayicilarin da
verilmesinin uygun olacag: distinilmustur.
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INTRODUCTION

Biofertilizer contains live microbes that colonizing the
rhizosphere or endosphere of plants, induce growth by
increasing the uptake of essential nutrients by the host
plant. These microorganisms are known to regulate

the natural nutrient cycle and the production of soil
organic matter (Rokhzadi and Toashih, 2011, Ekici et
al., 2022). Despite the many benefits derived from
microbial biotechnology application in agriculture,
there are challenges that need to be addressed and
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opportunities that need to be explored (Prasad et al.,
2019)

Soil microbial biomass, a sensitive indicator of soil
quality, is of immense importance in agriculture.
Organic matter decomposition is enhanced by bacteria
which by extension impact significantly on nutrient
cycle in the ecosystem (Maestre et al., 2015; Carini et
al., 2016; Tedersoo, 2017). Intensive agricultural
practices which involves the utilization of synthetic
fertilizer have been found to impact on the
environment negatively (Barros de Medeiros & Lopes,
2006; Mahdi et al., 2010; Xiang et al., 2012). Plant
growth is strongly influenced by environmental factors
such as temperature, water, and nutrient availability.
By increasing the availability of nutrients for plant
utilization in the soil, plant growth promoting bacteria
(PGPB) enhances plant growth (Prasad et al., 2019).

Intensive soil management practices lead to a decline
in soil microbial carbon fixation (Silva et al., 2010). Soil
microbial activity is impacted by the complexity,
quality, and quantity of available organic matter in the
soil. Hence, soil microbial biomass carbon (SMBC) is
likely to be sensitive to introducting a new plant cover
(Belo et al., 2012). Soil microbiological property is
usually improved through the application of
biofertilizer. Unlike soil that was not treated with
biofertilizer or is left to fallow, soil treated with
biofertilizers was found to exhibit higher SMBC and
lower CO2 loss. Biofertilizer application to soil
improves the microbiological quality of the soil (Ascari
et al., 2019).

Other downsides of using synthetic fertilizers in
agriculture include a decline in soil fertility, water
pollution, eutrophication, biodiversity loss and soil
acidification (Tomer et al., 2016; Kourgialas et al.,
2017; Mahanty et al., 2017).

To preclude the negative impact on the ecosystem
arising due to the utilization of synthetic fertilizer in
agriculture, over the last decades, efforts have been
channeled towards the wutilization of eco-friendly
biofertilizer as a substitute for synthetic fertilizer
biofertilizer (Liu and Lal, 2015; Davarpanah et al.,
2016; Mikhak et al., 2017). One of the advantages of
biofertilizers over synthetic ones is their ability to
minimize leaching (Subbarao et al., 2013; Malusa et
al., 2016), plant growth promoting rhizobacteria
(PGPB) are usually utilized as biofertilizers; these
organisms commonly establish themselves in the
rhizosphere of plants where they execute a variety of
functions that are of benefit to the plant through direct
or indirect plant growth promotion (Zhang et al., 2014).
Direct and indirect plant growth promotion is achieved
through the following: phosphate solubilization, auxin
secretion, nitrogen fixation, pathogen antagonists
through competition and antibiotics secretion (Ahmad
et al., 2012; Mohite, 2013; Yin et al., 2015; Puri et al.,
2016).
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Alcaligenes, Azospirillum, Bacillus cereus, B subtilis.,

B. circulans, Enterobacter, Flavobacterium,
Klebsiella, Pseudomonas gladioli, P. putida, P.
fluorescens, Serratia are some of the bacteria

commonly utilized in plant growth promotion due to
their ability to produce plant growth regulaors such as
abscisic acid, auxins, ethylene, gibberellins and
cytokinins (Arshad & Frankenberger, 1997). Plant
growth promotion by Bacillus amyloliquefaciens, B.
cereus and B. subtilis was the most effective (Francis
et al., 2010).

Increase in crop yield is achieved through soil quality
improvement, thereby mitigating the adverse effect of
climate change (Shrestha et al., 2013). CO2 emissions
in agriculture include total microbial respiration in
plant rhizosphere and soil (Rochette et al., 1999). One
of the principal fluxes in the global carbon cycle is COz
emissions from soil. Atmospheric COz concentration
could be strongly affected by a slight change in the
magnitude of soil COz flux (Schlesinger and Andrews,
2000). To understand the changing global carbon cycle,
knowledge of the factors modulating soil COz2 flux and
carbon sequestration becomes pertinent. Soil COz flux
is affected by agricultural practices that modify soil
conditions. Microbial activity in soil is affected by soil
characteristics, soil organic matter (SOM) and
decomposition, which leads to the evolution of CO32
from Carbon synthesized by plants (Franzluebbers et
al., 1995). Carbon mineralization has been proposed to
serve as a device for detecting changes in soil microbial
ecology resulting from the interactions between
inoculant and indigenous microbial populations of soil.

In-vitro effect of A (Bacillus spp., Trichoderma spp.), B
(Azorhizobium, Azotobacter and Azospirillum) and C
(Azotobacter spp., Bacillus spp. and Pseudomonas
putida) bacterial fertilizers inoculation on carbon
mineralization in the soil as well as interactions
between the bacteria in the fertilizers and the soil
microbial community was investigated.

MATERIAL and METHOD
Sampling Method

Soil samples were collected from uncultivated fields in
Datca-Knidos County (30°43'31” N, 27°3549” E),
Mugla city. The area has an average temperature of
19.0°C and an average annual rainfall of 809mm. The
samples were collected from a depth of 0 — 30 cm of the
rhizospheric soil of Colchicum balansae planch plant.
The soil sample was fragmented into two fragments,
one of which was sterilized at 121 °C for 60 minutes
while the other portion wasn’t sterilized; the samples
were coded according to the bacterial fertilizer
treatment they received (Table 1).

Prior to the commencement of experimentation, the
physicochemical properties of the collected samples
were determined. The soil sample was air-dried and



KSU Tarim ve Doga Derg 26 (2), 245-253, 2023
KSU J. Agric Nat 26 (2), 245-253, 2023

Arastirma Makalesi
Research Article

sieved through a 2 mm sieve. The pH of the soil was
determined using pH meter (Jackson, 1958), the
organic carbon content of the sample was determined
using the Anne method (Schlichting, 1971), Kjeldahl
method was employed in determining the total N
content of the sample (Bremmer, 1965), the available
phosphorus content of the sample was determined

Table 1. Experimental setup key

according to Olsen method (Olsen, 1954). Moreover,
the soil texture was determined according to the
description of Bouyoucos (1951), the method reported
by Allison & Moodie (1965) was adopted in
determining the lime content of the soil, and the field
capacity (Bw) of the soil was determined according to
Demiralay (1993).

Treatment Definition

K Unsterilized soil control

Ks Sterilized soil control

A Unsterilized soil to which bacterial fertilizer A was applied to.

As Sterilized soil to which bacterial fertilizer A was applied to

B Unsterilized soil to which bacterial fertilizer B was applied to

Bs Sterilized soil to which bacterial fertilizer B was applied to

C Unsterilized soil to which bacterial fertilizer C was applied to

Cs Sterilized soil to which bacterial fertilizer C was applied to
Metagenomic Analysis according to the RDP 16S rRNA database, and their
ZymoBIOMICSTM DNA Miniprep kit (Catalog taxonomic annotations were performed. Likewise, the
number: D4300T, D4300 and D4304, Zymo OTUs that were determined as the same genus were

Research/USA) was used to isolate DNA from the soil
sample following the manufacturer’s description. 27F

(5'-AGAGTTTGATCCTGGCTCAG-3), 1492R (5'-
TACGGCTACCTTGTTACGACTT-3), 21F (5"
TTCCGGTTGATCCYGCCGGA-3), 958R (5"
YCCGGCGTTGAMTCCAATT-3), EukF (5
AACCTGGTTGATCCTGCCAGT-3), EukR (5

TGATCCTTCTGCAGGTTCACCTAC-3) forward and
reverse primers were used for amplification of the 16S
rRNA gene of Bacteria, Fungi and Archaea
respectively. NanoDrop spectrophotometer (NanoDrop
Technologies Inc., Wilmington, DE, USA) was used to
determine the purity and concentration of the isolated
DNA.

With the aid of MinION ™ control software,
MinKNOW ™ version 0.46.1.9 (R9.4), a sequencing
protocol of 48 hours was executed. The read data based
on the 1.2.2 rev 1.5 workflows and software Metrichor
™ agent (version 0.16.37960) was obtained. On
completing the sequencing, Guppy v3.1.5 software
(base-calling and de-multiplexing) was used in
converting the sequencing results from fast5 to fastq
format. Porechop v0.2.3 software was used in clearing
the barcode, and adapter sequences and the universal
primers and labels were eliminated by deleting 45
bases from both ends of the sequences. The reads were
filtered at 1300 — 1500 bp length.

The cleaned readings were analyzed with a customized
workflow using the mothur v.1.39.5 platform. The
sequences were purified from chimeric structures by
measuring the distances between them with the
similarity matrix to be aligned relative to each other;
readings showing more than 99% similarity were
clustered and formed operational taxonomic units
(OTUs). The generated OTUs were compared
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associated and statistical results were obtained.
Further analyses, such as alpha diversity, beta
diversity, and basic coordinate analysis, was
performed relative to the organisms with whose OTUs
are matched.

Determination of Bacterial count

With the aid of Petroff-hausser counting chamber, the
total number of bacteria contained in each of the
bacterial fertilizers (A, B, C) were determined. Two mL
of the bacterial fertilizer was aseptically dispensed to
the soil sample, and an uninoculated sample was set
aside to serve as a control.

The bacterial count of the soil sample was determined
by introducing 10 g of the soil sample to a flask
containing 95 mL of 0.1% (w/v) sodium pyrophosphate
solution. The mixture was homogenized for 30 minutes
at 100 rpm on an orbital shaker. Afterwards its was
serially diluted (10-! to 1076). To evaluate aerobic
mesophilic and spore-forming bacteria, an aliquot from
the aforesaid dilution was plated on Tryptone soya
agar (TSA, Oxoid, Basingstoke, Hampshire, England),
and the plate was incubated at 30 °C for 2 days. While
for the fungal count, an aliquot of the dilution was
inoculated on modified Czapek dox agar (Oxoid
Code: CM0097) and incubated for 3 days.

Determination of carbon mineralization in soil

At the bottom of a 750 mL glass jar, 80 g of the air-
dried soil was moistened up to 80% of its own field
capacity. As described by Treuer & Haydel (2011), the
moistened soil was inoculated with 2 mL of bacterial
fertilizer. A 50 mL beaker containing 10 mL of 1M
NaOH was inserted in the middle of the jar containing
the moistened soil. The jar was sealed and incubated
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at 28 "C. Empty vessels were utilized as blank control.
COz2 gas released due to microbial activity in the soil
contained in the jar was held by NaOH.

After every 3 days of incubation, the beaker inserted in
the vessel was taken out, and 2 mL of BaClz was added
to its content till precipitation occurred; 1M HCI was
titrated against the mixture with a few drops of
phenolphthalein serving as an indicator (Alef &
Nannipieri, 1995). In place of the collected beaker,
another one containing 1 M NaOH was inserted, the
jar was tightly sealed, and the incubation continued.

The carbon generated from microbial activity was
expressed in mg per 100 g of dry soil (mg C 100 g ! of
dry soil). The ratio of the carbon that undergoes
mineralization to the total soil carbon was termed the
"Mineralization rate".

Soil carbon mineralization was determined using the
relation:

Carbon mineralization % C (CO2) = ((B - S)x6 P/1)x100
B: the amount of HCI titrated against Blank control, S:
the amount of HCI titrated against Sample, P: weight
of dried soil sample

Statistical Analyses

Experiments for each treatment were run in triplicate,
and the average value is represented. All data obtained
from the experiment was statistically analysed using
SPSS windows, version 15.0. To determine differences

Table 3. Bacterial count enumeration

existing among treatments, One-Way Analysis of
variance and Tukey HSD multiple comparisons test
were conducted.

RESULTS and DISCUSSION

The soil was found to be slightly alkaline, medium light
structured, with less CaCOs, less organic matter, very
low total nitrogen and medium available phosphorus
contents (Table 2).

Table 2. Pysico-chemical properties of the soil sample

Characteristics Quantity
Sand 68.43 %
Silt 20.24 %
Clay 11.33 %
% C 1.37+£0.17
% N 0.04 £ 0.01
C/IN 34.67+2.91
Available P 6.04 + 0.48
CaCOs 0.19+0.10
pH 7.63 + 0.04
18.57 %

Field capacity

The soil sample was found to exhibit aerobic
mesophilic bacterial count of 1.3 x 104 cfu mL1, spore
forming bacterial count of 2 x 104 c¢fu mL! and fungal
count of 4.3 x 104 cfu mL! (Table 3).

Sample Description

Soil 1.3 x 104cfu mL! aerobic mesophilic bacteria, 2 x 104 cfu mL! spore forming bacteria, 4.3 x 104
cfu mL! fungi, yeast and mould count.

Fertilizer A Bacillus pumilus, B. amyloliquefaciens, B. megaterium, B. subtilis, B. Ilicheniformis,
Trichoderma harzianum and T. konigii. Total microbial count: 1.2 x 108 cfu mL1.

Fertilizer B Azorhizobium, Azotobacter and Azospirillum: 3.1 x 108 cfu mL1.

Fertilizer C ~ Azotobacter spp with Bacillus licheniformis (3 x 103 cfu mL-1), B. subtilis (2 x 103 cfu mL1), B.

megatarium (1 x 103 cfu mL1), Pseudomonas putida (8 x 108 cfu mL-1), Total aerobic mesophilic

bacterial count (1.3 x 1010 cfu mL1)

cfu mL1: Colony forming units per millilitre

As a result of metagenome analysis, Cryptococcus
neoformans var grubii H99 was found to be the
dominant eukaryotic organism in the soil sample
analyzed (45%); other prominent organisms are
Aspergillus oryzae RIB40 (4%), Aspergillus fumigatus
AF293 (2%) and Zymoseptoria tritici IPO323 (2%).
Eukaryotic microorganisms have the ability to degrade
polysaccharides that cannot be biologically degraded
into smaller components by the exoenzymes of the
bacterial domain, on the archaea domain,
Halopropundus sp. MHRI and Thermococcus were
found to both be 7%, while in the domain bacteria,
Brevibacterium was observed to be 7%, thereby
making it the most abundant in comparison to other
bacterial genera (Figure 1). On the phylum level,
Actinobacteria>Proteobacteria>Chlorofleksi>
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Acidobacteria>Gemmatimonadetes>Planctomycetes
was found to be approximately 96% dominant in the
soil sample. Actinobacteria is of immense importance
in agriculture and forestry.

In soil, they act more like fungi, decomposing organic
matter, thereby making their nutrients readily
available for plant utilization. On the genus level,
Micromonospora> Blastococcus> Solirubrobacter>
Rubrobacter>Mycobacterium> Microvirga was found
to be approximately 17% thereby becoming the
dominant genus. On the species level, Conexibacter
woesel DSM 14684 (3%), Plantactinospira sp. BC1
(8%), Solibacter usitatus (1%), Mycoplasma dispar
(1%), Baekduia soli (1%) were found to be the dominant
species in the soil.
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Figure 1. Composition and % abundance of a. Eukaryota b. Archaea c. Bacteria in the analyzed soil sample

The daily graph gave more meaningful results in terms
of determining the presence of the interactions
between the indigenous bacteria in the soil and the
bacteria introduced to the soil through the application
of the bacterial fertilizer. The highest carbon
mineralization was observed to have occurred on the
3rd day, with the exception of the unsterilized soil
treated with bacterial fertilizer C (Figure 2). This can
be attributed to the utilization of easily decomposed
carbon sources by microorganisms. The fluctuation in
daily carbon mineralization was striking for the type
of soil organic matter and the capacity of the microbes
to decompose organic matter.

An adaptation phase was observed in the cumulative
curve graph for the first 9 days, followed by a gradual
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increase. The cumulative carbon mineralization was
the lowest in the sterilized control soil and the highest
in unsterilized soil treated with bacterial fertilizer C,
followed by sterilized soil onto which bacterial
fertilizer C was applied. Cumulative mineralized
carbon increased with incubation time, and its
increase gradually slowed down (Figure 3).

In sterilized soil treatment, the highest carbon
mineralization was observed; this might be attributed
to the interaction between the introduced bacteria
contained in the bacterial fertilizer and the resident
microbes of the unsterilized soil.

On applying the bacterial fertilizer A, B and C
separately to the sterilized control soil, whose initial
mineralization rate was 1.1%, mineralization rates of
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5.12%, 3.54% and 10.78% were recorded, this shows
that the application of the bacterial fertilizer to the soil
increased the rate of carbon mineralization of the
sterilized control soil by 365.45%, 221.82% and 880%
respectively. So also, on inoculating the unsterilized
control soil - whose initial carbon mineralization rate
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was 5.61 - with bacterial fertilizers A, B and C, carbon
mineralization rate of 7.03%, 6.15% and 12.95% were
recorded, this signifies that application of the
aforementioned bacterial fertilizers increased the rate
of carbon mineralization of the soil by 25.31%, 9.63%
and 130.84% respectively.
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Figure 2. Daily carbon mineralization of soils, mg C (CO2) 100 g Dry Soil
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Figure 3. Cumulative carbon mineralization of the analyzed soils

Unsterilized soil treated with bacterial fertilizer C
shows the highest carbon mineralization rate of
12.95%, (Figure 4) while the lowest rate (1.1%) was
shown by the sterilized control soil. In ecologically
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balanced soils, the carbon mineralization rate 1is
usually around 10%. Higher value signifies the release
of more carbon into the atmosphere, and this has a
detrimental effect to the ecosystem.



KSU Tarim ve Doga Derg 26 (2), 245-253, 2023
KSU J. Agric Nat 26 (2), 245-253, 2023

Arastirma Makalesi
Research Article

20.00

15.00

10.00

Carbon mineralization rate (%)

Ks

K As

A

Bs =] Cs C

Figure 4. Carbon mineralization rates of the analysed soils (%). Each value represents the mean of three replicates
+ SE. Different letters indicate means that are significantly different from each other (ANOVA: Tukey

test, p < 0.05)

On analyzing the carbon mineralization rate of the
treatments using one way analysis of variance, it was
found that significant differences exist among the two
sets of treatments (i.e., the sterilized soil sample set
and the unsterilized soil sample set) (Table 4).

Table 4. Carbon mineralization in soil samples treated
with the three bacterial fertilizers

Soil Carbon mineralization (C mg 100g™! soil)
K 75.33 +2.25

Ks 21.11 + 3.9423

A 96.87 + 1.07h2

As 73.40 £ 1.21a2c3

B 85.98 = 2.50

Bs 48.20 + 1.75a3¢e3

C 173.28 + 3.67b3

Cs 142.43 + 6.9823c3

Same alphabet signifies the existence of significant
difference between treatments aibici < 0.05, asbace < 0.01,
asbscs < 0.001

While working to determine C mineralization model in
garden soil treated with both inorganic and microbial
fertilizer, Sarkar & Rakshit (2020) reported a
significant increase in cumulative carbon dioxide flows
of 137.25 mg CO2 100 gt soil in the treated soil in
comparison to 46.20 mg COz 100 g soil recorded in the
control soil. They also recorded a daily carbon
mineralization of 0.26 and 1.78 mg C 100 g1 soil in the
control soil and 0.30 and 3.23 mg C 100 g1 soil day!
in the treated soil and concluded that their application
of the fertilizer to the soil increased carbon
mineralization rate. Their findings corroborate that of
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this research. So also, Salehi et al. (2017), while
investigating the effect of organic and inorganic
fertilizer application on soil COz flux, came to the
conclusion that the application of the said fertilizers
significantly increases soil COz flux. This study differs
from other studies because instead of utilizing both
organic and biofertilizer, only biofertilizer was utilized.

Among the three bacterial fertilizers used in the study,
we found a low carbon mineralization rate in soil
treated  with  bacterial fertilizer  containing
rhizobacteria. While the highest increase in carbon
mineralization was recorded in soil treated with the
fertilizer containing Azotobacter spp. and other plant
growth-promoting bacteria in equal proportion.

CONCLUSION and RECOMMENDATIONS

This study confirms that bacterial fertilizer application
enhances soil carbon mineralization rate. Though the
application of bacterial fertilizer to agricultural soil
has a positive effect on crop yield, it has a detrimental
effect ecologically because it increases the emission of
CO:2 into the atmosphere. A viable approach to
compensating for the increased efflux of CO2 from soils
into the atmosphere is carbon sequestration, and one
of the most effective and promising strategies of
achieving carbon sequestration is the utilization of
biochar. Future research should try to mitigate the
issue of CO2 emission into the atmosphere through the
utilization of novel and cost-effective strategies.
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M. capaccinii, Pipistrellus kuhlii, Eptesicus serotinus, Vespertilio Bat

murinus, and Plecotus macrobullaris belonging to the family Chiroptera
Vespertilionidae of the suborder Microchiroptera were determined. Distribution

Rhinolophus hipposideros, Myotis myotis, Pipistrellus kuhlii, Eptesicus Bitlis

serotinus, Vespertilio murinus and Plecotus macrobullaris from the Turkey

species were firstly recorded in Bitlis province.

Dogu Anadolu Bélgesi'nden (Bitlis, Tiirkiye) Yarasa Faunasi Uzerine Yeni Veriler (Mammalia:

Chiroptera)

OZET Biyoloji

Bu calisma Temmuz 2014 ve Eylil 2019 tarihleri arasinda Bitlis il

sinmirlar: igeresinde gerceklestirilmistir. Yarasalar atrap, 6zel yarasa Aragtirma Makalesi

aglari, eldiven ve el feneri yardimi ile magara, in, bos bina, tarihi han ve : ;

hamam, kilise, tiirbe, binalarin cati aralari ve benzeri yerlerde Maljrale T.ar.lhge‘s1

arastirilarak yakalanmigtir. Tirlerle ilgili baz1 biyoekolojik 6zellikleri, Gelis Tan}'n. 05.10.2022
Kabul Tarihi :04.01.2022

habitat ozellikleri, kiirk rengi, 6rnek sayilari ve kayit yerleri verilmistir.
Sonug olarak Microchiroptera alt takiminin Rhinolophidae familyasina
mensup Rhinolophus hipposideros ve Vespertilionidae familyasina

Anahtar Kelimeler

. . .. . . Yarasa
mensup Mpyotis myotis, M. blythii, M. mystacinus, M. capaccinii, Chiroptera
Pipistrellus kuhlii, Eptesicus serotinus, Vespertilio murinus ve Plecotus Yavil

. .. . . . .. .. . ayllig
macrobullaris turleri tespit edilmigtir. Turlerden Rhinolophus Bitlis
hipposideros, Myotis myotis, Pipistrellus kuhlii, Eptesicus serotinus, Tiirkiye

Vespertilio murinus ve Plecotus macrobullaris bu c¢alisma ile Bitlis
ilinden ilk defa kaydedilmigtir.

Atif Sekli: Toyran, K., & Gencer, F (2023). Dogu Anadolu Bélgesinden (Bitlis, Tiirkiye) yarasa faunasi iizerine yeni
veriler (Mammalia: Chiroptera). KSU Tarim ve Doga Derg 26(2), 254-262. https://doi.org/10.18016/
ksutarimdoga.vi.1004775

To Cite : Toyran, K., & Gencer, F (2023). New data on the bat fauna (Mammalia: Chiroptera) from the Eastern Anatolia
(Bitlis, Turkey). KSU Tarum ve Doga Derg 26 (2), 254-262. https://doi.org/10.18016/ksutarimdoga.vi. 1004775

INTRODUCTION species including one species included in the suborder

Chiroptera, which is the only order with real flying
characteristics in the class mammalia, i1s represented
with 1116 species in the world (Wilson & Reeder,
2005). The order Chiroptera is divided into two
suborders: Megachiroptera and Microchiroptera.
There are 186 species of Megachiroptera included in
one family (Pteropodidae) and there are 930 species of
Microchiroptera in 17 families (Albayrak, 2000; Wilson
& Reeder, 2005). In Turkey, there are a total of 39 bat

Megachiroptera of the order Chiroptera and 38 species
included in the suborder Microchiroptera of the order
Chiroptera (Yorulmaz & Arslan, 2020).

The aim of this study was to determine the bat species
distributing in Bitlis province of the Eastern Anatolia
Region and record some bioecological characteristics
about these species.



KSU Tarim ve Doga Derg 26 (2), 254-262, 2023
KSU J. Agric Nat 26 (2), 254-262, 2023

Arastirma Makalesi
Research Article

MATERIAL and METHODS

This study was conducted between 2014 and 2019 in
Bitlis province, and the identified species are shown by
numbering on the map (Figure 1). Field studies were
conducted in the city center, districts and villages
which were included in the field area. A total of 22 bat
samples of 9 species were examined in this study.
Caves, empty buildings, historical inns and hammams,
churches, tombs, roofs of buildings and window frames
were examined to obtain bat samples. The determined

samples were caught with sweep net, special bat net,
flashlight, and gloves. The bats, which were examined
considering the populations of the determined species,
were released into their natural habitat.

Some ecological and biological characteristics of the
species were specified and their photos with record
locations and the number of samples were presented.
The obtained data were compared with the relevant
literature data and the assessments were presented in
tables.
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Figure 1. Map of Bitlis province, study area (Distribution of species 1: Rhinolophus hipposideros, 2: Myotis myotis,
31 M. blythii, 4° M. mystacinus, 5: M. capaccinii, 6: Pipistrellus kuhlii, 7 Eptesicus serotinus, 8:
Vespertilio murinus, 9: Plecotus macrobullaris).

Sekil 1. Calismanin yapildig: Bitlis il haritas: (Tirlerin yayihis1 1: Rhinolophus hipposideros, 2: Myotis myotis, 3:

M. blythii, 4: M. mystacinus, 5: M. capaccinii, 6: Pipistrellus kuhlii, 7 Eptesicus serotinus, 8: Vespertilio

murinus, 9: Plecotus macrobullaris).

RESULTS and DISCUSSION

In Bitlis province, 9 species of 6 genera belonging to
the families Rhinolophidae and Vespertilionidae of the
suborder Microchiroptera of the order Chiroptera were
determined. 6 of these species were firstly recorded in
Bitlis province.

One species of the family Rhinolophidae was found in
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the study area.
Rhinolophus hipposideros (Bechstein, 1800)

1800. Vespertilio hipposideros Bechstein, Thomas
Pennat’s Allgemeine Uebers. Thiere, 2: 629.

Type locality: France

1857. Rhinolophus hipposideros, Blasius, Saugeth.,
Deutschland, 29.
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Ecological characteristics: Rhinolophus hipposideros
was found in Bitlis province solitarily or in pairs in the
buildings such as tombs, churches, monasteries,
hospital buildings and barns (Figure 2, Figure 3).

Fur color: The dorsal part varied from light brown gray
to slightly reddish dark brown gray. The ventral part
was smoky gray from the lower part of jaw to tail. In
the dorsal, the hair’s bottom and middle parts were
yellowish gray and its end part was brown. In the
ventral, hair’s bottom, middle, and end parts were
smoky gray. The nasal tip, ears and wing membrane
were dark brown.

Sample number (4) and locations:  Bitlis,

Headquarters, Yukselis neighborhood, Seyh Hasan
Tomb (2 43, 03.06.2017); Bitlis, Mutki, Mutki State
Hospital (1 @, 15.06.2017); Bitlis, Headquarters,
Cumbhuriyet village (1 9, 24.09.2017).

Figure 2. An abandoned barn in which Rhinolophus
hipposideros was determined.

Sekil 2. Rhinolophus hipposiderosun tespit edildigi

terkedilmig bir ahir.

X A
Figure 3. Sample of Rhinolophus hipposideros.
Sekil 3. Rhinolophus hipposideros 6rnegi.

In the study area, 8 species belonging to the genera
Mpyotis, Pipistrellus, Eptesicus, Vespertilio and
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Plecotus of the family Vespertilionidae were identified.
Myotis myotis (Borkhausen, 1797)

1797. Vespertilio myotis Borkhausen,
Fauna, 1:80.

Type locality: Germany

1897. Myotis myotis Miller, Ann. Mag. Nat. Hist., 20
(6), 383.

Ecological characteristics: Myotis myotis was found
solitarily or in colonies in the historical inns,
hammams, and ceilings of the natural caves in stream
beds in Bitlis province (Figure 4, Figure 5). It was
observed that the individuals determined in the first
week of August exhibiting mating behavior.

Deutsche

Fur color: The dorsal part was slightly pale brownish
gray from neck to tail. The ventral part was yellowish
off white from the lower part of jaw to tail. In the dorsal
part, the hair’s bottom was blackish dark brown and
its middle and end parts were brownish gray. In the
ventral part, the hair’s bottom was black and its
middle and end parts were yellowish white.

Sample number (4) and locations:  Bitlis,
Headquarters, Kamah location (1 &, 03.06.2017; 2 34,
24.09.2017 ); Bitlis, Ahlat, Kinaliko¢ village, Dere
havzas1 (Sogaz) location (1 &, 05.08.2017).

\‘ :

Figure 4. The stream bed where
determined.

Sekil 4. Myotis myotisin tespit edildigi magaranin
bulundugu dere yatag.

Myotis blythii (Tomes, 1857)

1857. Vespertilio blythii Tomes, Proc. Zool. Soc.
London, 53-54.

Type locality: Nasirabad, Rajputana, India

1951. Mpyotis blythii Ellerman and Morrison-Scott,
Checklist of Palaearctic and Indian Mammals 1758-
1946. Brit. Mus. (Nat.Hist.) 144-145.

Ecological characteristics: Myotis blythii was found
solitarily or in colonies in the historical inns,
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hammams, and ceilings of the natural caves in stream
bed in Bitlis province (Figure 6, Figure 7). It was
observed that the individuals determined in the first
week of August exhibited mating behavior.

(33 ~ R

Figure 5. Mpyotis myotis individuals found in the
ceiling of a cave.

Sekil 5. Magara tavaninda tespit edilen Myotis myotis

bireyleri.

Fur color: The dorsal part was slightly yellowish pale
brown. The ventral part was grayish off white. In the
dorsal, the hair’s bottom was ash gray and its middle
and end parts were pale grayish brown. In the ventral
part, the hair’s bottom was pale black and its middle
and end parts were off white.

Sample number (5) and locations: Bitlis, Ahlat,
Kinalikog village, Dere havzasi (Sogaz) location (2 4,
23.06.2015; 2 34, 1 9, 05.08.2017).

e ——

Figure 6. The stream bed where Myotis blythii was
determined.

Sekil 6. Myotis blythirnin tespit edildigi magaranin
bulundugu dere yatagi.
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Figure 7. Sample of Myotis blythii.
Sekil 7. Myotis blythii 6rnegi.

Myotis mystacinus (Kuhl, 1819)

1819. Vespertilio mystacinus Kuhl, Ann. Wetterau
Ges. Naturk., 4 (2), 202-204.

Type locality: Germany

1900. Myotis mystacinus, Mehely monogr. Chiropt.
Hungariae, Budapest, 200-206.

Ecological characteristics: Myotis mystacinus was
found solitarily in a building in Ahlat district of Bitlis
province (Figure 8).

Fur color: The dorsal part was slightly yellowish gray
brown. The ventral part was yellowish off white. In the
dorsal part, the hair’'s bottom was nigricant dark
brown. In the ventral, the hair’s bottom was blackish
brown and hair’s end was smoky gray.

Sample number (1) and locations: Bitlis, Ahlat
headquarters (1 ¢, 03.07.2015).

Myotis capaccinii (Bonaparte, 1837)

1837. Vespertilio cappaccinii Bonaparte, Faun. Ital., 1
(20)

Type locality: Sicily

1901. Mpyotis cappaccinii Thomas, Proc. Zool. Soc.,
London, 37.

Ecological characteristics: Myotis capaccinii was found
in an empty cottage made of briquettes located in the
campus area of Bitlis Eren University (Figure 9).

Fur color: The dorsal part was yellowish light brownish
pale gray. The ventral part was yellowish smoky gray.

Sample number (1) and locations:  Bitlis,
Headquarters, Bitlis Eren University (13, 03.09.2019).

Pipistrellus kuhlii (Kuhl, 1819)

1819. Vespertilio kuhlii Kuhl Ann. Wetterau. Ges.
Naturk., 4 (2), 199-202.

Type locality: Trieste, Italy

1900. Pipistrellus kuhlii Mehelyi, Monogr. Chiropt.
Hungariae, Budapest, 261.

Ecological characteristics: Pipistrellus kuhlii was
found in the walls or roofs or under roofing in some
empty buildings in the settlements of Bitlis province
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(Figure 10, Figure 11).

Fur color: The dorsal part is pale yellowish grayish
brown. The ventral part was yellowish off white. In the
dorsal part, the hair’s bottom was black and its end
was light brown. Hair’s bottom was pale black and the

hair’s end was yellowish white in the ventral part.

Sample number (3) and locations: Bitlis, Ahlat, Ahlat
Vocational High School (14, 16.11.2015); Bitlis,
Tatvan, Karsiya neighborhood (12, 17.05.2017); Bitlis,
Tatvan, Saray neighborhood (13, 05.08.2017).

Figure 8. The dorsal (a) and ventral (b) views of Myotis mystacinus.
Sekil 8. Myotis mystacinustun dorsalden (a) ve ventralden (b) gériiniimii.

Lalii s

Figure 9. M yotfs capaccinii.

Sekil 9. Myotis cappaccinil.

b

Figure 10. The dorsal (a) and ventral (b) views of Pipistrellus kuhlii.
Sekil 10. Pipistrellus kuhliihin dorsalden (a) ve ventralden (b) goriiniimii.
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Figure 11. The garret where Pipistrellus kuhlii was
determined.

Sekil 11. Pipistrellus kuhliihin tespit edildigi cati
arasi.

Eptesicus serotinus (Schreber, 1774)

1774. Eptesicus serotinus Schreber, Die Saugethiere,
1:167.

Type locality: France

Ecological characteristics: Eptesicus serotinus was
found solitarily in the chimney of a building in Tatvan
district of Bitlis province and in a toilet in the
Engineering and Architecture Faculty of Bitlis Eren
University (Figure 12).

Fur color: The dorsal part was dark brown from nasal
tip to tail. The ventral part was dark yellowish brown
from the lower part of jaw to tail. In the dorsal, hair’s
bottom, middle and end parts were dark brown. In the
ventral part, the hair’s bottom was smoky gray and its
end part was yellowish brown. The nasal tip, ears,
wing and tail membrane were blackish dark brown.

Sample number (2) and locations: Bitlis, Tatvan, Saray
neighborhood (13, 27.06.2016); Bitlis, Headquarters,
Bitlis Eren University (14, 12.07.2018).

b

Figure 12. The dorsal (a) and ventral views of (b) Eptesicus serotinus.
Sekil 12. Eptesicus serotinusun dorsal gériiniimii (a), ventral gériiniimii (b).

Vespertilio murinus Linnaeus, 1758

1758. Vespertilio murinus Linnaeus, Syst. Nat. 10th
ed., 1: 32.

Type locality: Upsala, Sweden

Ecological characteristics: Vespertilio murinus was
found solitarily in the wall of a mosque in Ahlat district
of Bitlis province (Figure 13).

Fur color: Ear and nasal tip were pale black. The dorsal
part was light, partly fallow, grizzled pale brown until
tail and the neck was darker. The ventral part was
light, dark and then light brownish light fallow from
the lower part of jaw to tail. The hypogastric abdomen
end was fully off white. In the dorsal part, hair’s
bottom was blackish dark brown, its middle part was
brown, and its end and almost end parts were broken
fallow. In the ventral part, hair’s bottom was nigricant
dark brown and its middle and end parts were light
fallow in the neck and abdomen parts. In the abdomen
end, hair was fully off white.

Sample number (1) and locations: Bitlis, Ahlat, Central
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Grand Mosque (14, 05.08.2016).
Plecotus macrobullaris (Kuzjakin, 1965)

1965. Plecotus macrobullaris Kuzjakin, Opredelitel
mljekopitayushtshikh SSSR. Moskva. 79-116.

Type locality: North Ossetia, Russia

Ecological characteristics: Plecotus macrobullaris was
found solitarily in the wall of a dark room of an
abandoned railroad terminal building located in Rahva
plain of Bitlis province (Figure 14, Figure 15).

Fur color: The dorsal part was grayish light brown. The
ventral part was yellowish white. The dorsal part was
black from hair bottom to its middle part and grayish
light brown from its middle part to its end part. The
ventral part was black from hair’s bottom to the middle
part and yellowish white from hair’s middle part to its
bottom. Ears, wing and tail membrane were light
brown.

Sample number (1) and locations:  Bitlis,
Headquarters, Rahva plain (13, 24.09.2017).
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Figure 13. The dorsal (a) and ventral views of (b) Vespertilio murinus.
Sekil 13. Vespertilio murinusun dorsal goriiniimi (a), ventral gériiniimii (b).

-,3,‘ - = = 2 E ." .\' -' s \}-ﬁ
Figure 14. The old railroad terminal building where Plecotus macrobullaris was determined.

Sekil 14. Plecotus macrobullarisin tespit edildigi eski gar binas.

Figure 15. Sample of Plecotus macrobullaris.
Sekil 15. Plecotus macrobullaris 6rnegi.

Bats, which are nocturnal species, have crucial roles in is known that many bat species carry rabies virus (Un
wildlife. They are reservoir hosts for many diseases. It et al., 2013). Insectivorous bat species keep insect
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populations at a certain level and the species fed with
fruits contribute to pollination and spreading of plants
(Albayrak, 2000; Anonymous, 2018; Yorulmaz et al.,
2018).

Sheltering characteristics vary among bat species and
they use caves, rock cracks, tree holes, roofs of
buildings and abandoned old inns, hammams and
caravansaries as roosts (Vaughan et al., 2000; Toyran,
2013). Myotis myotis and M. blythii, which are among
the identified species, have been found to inhabit
sympatrically in the caves in the valley beds with
streams. Also, it was observed that these species
exhibited mating behavior at the beginning of August.
In addition, lipoidosis was determined in the bodies of
Mpyotis myotis samples identified at the end of
September for winter sleep.

Toyran (2013) stated that the studies performed to
open caves to tourism and the restoration works of old
historical buildings have affected bat species
negatively. The researcher observed a bat density
including about 2500-3000 individuals in EI-Aman Inn
in the field study conducted in 2007. But, it was
recorded that all the bats left the inn when the
restoration works were completed in 2009. During this
study, no bats were found in ElI-Aman Inn. But very
little amount of bat dropping was found in some parts
of the inn. In addition, it was observed that the
buildings such as old churches and monasteries, which
had a high number in the region, in which bats
inhabited, were damaged by treasure hunters.

CONCLUSIONS

There are 6 families belonging to the order Chiroptera
in Turkey. In addition, several studies have reported
that the number of species is 36 and 40 in Turkey
(Benda & Horacek, 1998; Wilson & Reeder 2005).
Yorulmaz & Aslan (2020) assessed the records of the
bat species in Turkey and recorded the number of
species as 39.

The records of Mpyotis blythir, M. mystacinus, M.
capaccinii and Pipistrellus nathusii species were
provided before Bitlis province (Albayrak, 1990;
Albayrak, 1991; Benda & Horacek, 1998; Karatas et
al., 2003; Yorulmaz et al., 2020). In this study, 9

species  from  Bitlis province (Rhinolophus
hipposideros, Mpyotis myotis, M. blythi, M.
mystacinus, M. capaccinii, Pipistrellus kuhlii,

Eptesicus serotinus, Vespertilio murinus and Plecotus
macrobullaris)  were  determined.  Rhinolophus
hipposideros, Myotis myotis, Pipistrellus kuhlii,
Eptesicus serotinus, Vespertilio murinus and Plecotus
macrobullaris species were firstly recorded in Bitlis
province. 10 of the 39 bat species distributing in
Turkey are present in Bitlis province and the newly
recorded 6 species have zoogeographical importance in
terms of their distribution area.
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When the protection of the species identified 1is
examined, it is seen that they are at the least
concerned (LC) status based on IUCN criteria
(Anonymous, 2021). But, Vespertilio murinus, which
has a quite limited distribution in Turkey, has been
recorded in only three locations (Benda & Horacek
1998). For this reason, identification of this species in
Bitlis province is a quite important record. It was
observed that Rhinolophus hipposideros, Mpyotis
myotis, M. blythii and Pipistrellus kuhlii, which were
among the species found in the field studies, were
common in the study area.
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Koronaviriis (Covid-19) Pandemi Siirecinde, Saghk Caliganlarinin Tibbi ve Aromatik Bitki
Kullaniminin Degerlendirilmesi

Fatih SATIL! *, Emine AKTAS?

1Balikesir Universitesi, Fen-Edebiyat Fakiiltesi, Biyoloji Bélimii, Balikesir, Tirkiye, 2Salihli Devlet Hastanesi, Manisa, Tirkiye
thttps:// orcid.org/0000-0002-4938-1161, 2https:/ orcid.org/0000-0003-1624-2285
P<: fsatil@gmail.com

OZET Botanik
Bu calismada, Covid-19 (Kovid-19) pandemisine kars1 saglk caliganlar:
tarafindan, geleneksel olarak kullanilan tibbi ve aromatik bitkilerin Aragtirma Makalesi

degerlendirilmesi amac¢lanmigtir. Arastirma tanmimlayici modelde

tasarlanmig olup 10 Temmuz-31 Aralik 2021 tarihleri arasinda Makale Tarihgesi
gerceklestirilmigtir. Turkiye’deki saghk calisanlar1 arastirma evrenini Gelig Tarihi  :18.04.2022
olusturup basit rastgele 6rnekleme yontemi kullanilmistir. Verilerin Kabul Tarihi :26.07.2022
toplanmasinda, alan uzmanlarinca hazirlanan yari yapilandirilmig

anket formu kullanilmigtir. Demografik bilgiler ve tibbi ve aromatik Anahtar Kelimeler
bitkiler olmak tzere iki kisimdan olusan anket, Google forms tizerinden Aromatik bitki
online olarak uygulanmigtir. Verilerin analizinde SPSS 24 paket Covid-19
programi kullanilmig, yluzdelik ve frekans hesaplamalar: yapilmagtir. Etnobotanik
Aragtirmaya, Tirkiye genelinde 1320 saghk calisami katilmis olup, Pandemi

katilimcilarin %551 kadin, %451 erkektir, meslek gruplarina gore Sifal1 bitki
dagilimi; %181 hemsire, %16’s1 saglik memuru, %12’si hekim, %10u
ATT, %9u paramedik, %9u ebe, %81 tibbi sekreter, %7’si eczaci, %6’s1
psikolog ve %51 diger (sosyal calismaci, miidiir, dis hekimi vs.)
seklindedir. Calisma sonucuna gore; saglk ¢aliganlarinin %77’si Covid-
19 pandemisinde tibbi ve aromatik bitkilerin tamamen ve kismen etkili
olduguna inandigini belirtmis ve bunlarin %634 sifal1 bitkileri
kullanmistir. Kullamilan bitkiler icinde kekik/Origanum sp. (%99),
narenciye/ Citrus sp. (%94) ve sarimsak/Allium sativum (%93) en yiiksek
diizeyde tercih edilmigtir. Tibbi ve aromatik bitkilerin kullanimi
hakkindaki bilgilerin en ¢ok sosyal medya (%99) araciligiyla elde edildigi
gorulmustir. Katilimcilarin %944 bitkileri aktardan temin etmistir.
Bitkiler daha cok demlenerek (%99) ve c¢ig gida (%91) seklinde
tiketilmektedir. Bu stirecte tibbi ve aromatik bitki kullananlarin %63t
Covid-19a yakalanmadigini bildirmistir. Sonug¢ olarak, Covid-19
stirecinde saglik calisanlarmin biiyik ¢cogunlugunun tibbi ve aromatik
bitkilerin etkisine inandigi ve sifali bitkileri kullanmayi tercih ettikleri
ortaya c¢ikarilmigtir. Bu calisma modern tip ilmi almig bireylerin
tamamlayici tibba olan bakisini yansitmasi acisindan 6nemli bir degere
sahiptir.

Evaluation of Using Medicinal and Aromatic Plants by Healthcare Professionals During the
Coronavirus Pandemic (Covid-19) Period

ABSTRACT Botanic

In this study, it was aimed to evaluate the traditional use of medicinal

and aromatic plants by health professionals against the Covid-19 (Kovid- Research Article

19) pandemic. The research was designed in a descriptive model and was Article History

studied between 10 July and 31 December 2021. The population of the Received :18.04.2022
research consisted of healthcare professionals in Turkey. A Simple Accepted : 26.07.2022
random sampling method was used. A semi-structured questionnaire

prepared by the experts was used to collect the data. The questionnaire Keywords

consisted of two parts: demographic information and medicinal and Aromatic plant

aromatic plants. The questionnaire form was applied online via Google Covid-19

forms. SPSS 24 package program was used to analyze data, and Ethnobotany

percentage and frequency calculations were made. 1320 healthcare Medicinal plant

Pandemic
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professionals in Turkey participated in the research. 55% of the
participants are female and 45% are male. Distribution of participants
according to occupational groups; 18% nurse, 16% health officer, 12%
physician, 10% ATT, 9% paramedic, 9% midwife, 8% medical secretaries,
7% pharmacist, 6% are psychologists, and 5% are other (social worker,
manager, dentist, etc.). According to the results of the study, 77% of
healthcare professionals stated that they believed that medicinal and
aromatic plants were fully or partially effective in the Covid-19 pandemic,
and 63% of them used medicinal plants. Among the plants used,
thyme/Origanum sp. (99%), citrus/Citrus sp. (94%) and garlic/Allium
sativum (93%) were preferred at the highest level. It was observed that
most of the information about the use of medicinal and aromatic plants
was obtained through social media (99%). In addition, 94% of the
participants received the plants from herbalists. Plants are mostly
consumed as infused (99%) and raw food (91%). During this period, 63%
of those who used medicinal and aromatic plants reported that they did
not get Covid-19. As a result, it has been determined that most healthcare
professionals believe in the effect of medicinal and aromatic plants and
prefer to use medicinal plants during the Covid-19 period. This study is
essential in reflecting the view of individuals who have received modern

medical science toward traditional and complementary medicine.

Atif Sekli: Satil, F. & Aktas, E. (2023). Koronaviriis Pandemi (Covid-19) Siirecinde, Saghk Caligsanlarinin Tibbi ve
Aromatik Bitki Kullammimin Degerlendirilmesi. KSU Tarim ve Doga Derg 2602), 263-270.
httpsi//doi.org/10.18016/ksutarimdoga.vi.000000

To Cite: Satil, F. & Aktas, E. (2023). Evaluation of Using Medicinal and Aromatic Plants by Healthcare Professionals
During the Coronavirus Pandemic (Covid-19) Period. KSU J. Agric Nat 26(2), 263-270. https:/
doi.org/10.18016/ksutarimdoga.vi.000000.

GIRIS Turk Etnobotanigi ile ilgili yapilmig 765 yayin

Tibbi ve aromatik bitkiler, hastaliklarin énlenmesi ve
iyilestirilmesiyle birlikte sagligin korunmasinda
geleneksel ila¢ olarak hem halk arasinda hem de
modern tipta kullamlmaktadir (Demirci Kayiran &
Kirici, 2019). Ayrica; besin takviyeleri ve bitkisel cay
gibi tedavi amach, tat ve g¢esni olarak beslenmede de
faydalanilmaktadir (Temel ve ark., 2018).

Anadolu'nun zengin bitki cesitliligiyle birlikte tarih
boyunca birgok medeniyete ev sahipligi yapmig olmasi,
bu cografyanin geleneksel tibbi bitki kullanim kaltiara
acisindan oldukc¢a zengin olmasina neden olmustur.
Yizyillardir Anadolu halki tarafindan koruyucu,

destekleyicive tamamlayici tedavi amaciyla gifali
bitkiler tercih edilmektedir.
Turkiyenin zengin bitki c¢esitliliginin igerisinde

yuzlerce bitki turi geleneksel halk hekimliginde
kullanila gelmigtir. FAO'nun 2015 verilerine goére
Tirkiye’de halk tarafindan kullanilan tibbi ve
aromatik bitki sayis1 ise 500 civarindadir (Temel ve
ark., 2018).

Turkiyede dogal olarak yetisen ve halk arasinda gida
ve tibb1 amaglarla kullanilan bu bitkilerin, mikrobiyal
kaynakli  hastaliklardan  korunmada ve bu
hastaliklarin tedavisinde basgarili oldugunu gosteren
bir¢ok etnobotanik calisma bulunmaktadir (Sargin ve
ark., 2013; Paksoy ve ark., 2016; Satil & Selvi, 2020;
Uzar & Uzar, 2020). Sadikoglu ve Alpmar (2004)
tarafindan, Cumhuriyet dénemine (1928-1997) ait
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incelenmigtir. Bu yayinlardan 466’sinin bitkilerin tibbi
kullanimlar ile ilgili oldugu belirlenmisgtir.

Tibbi bitkiler bircok aktif fitokimyasal bilegikler
icermesi nedeniyle bir ¢ok hastalikta oldugu gibi viral
kaynakli hastaliklarda da konak¢inin bagisiklik
sistemini destekleyerek antiviral etki géstermektedir
(Sekeroglu & Gezici, 2020). Bu amagcla gerek diinyada
gerekse Turkiye’de toplumun degisik kesimlerince
tibbi bitkileri tanima ve kullanma diizeylerine yonelik
calismalar ortaya konmustur (Cémert & Ding¢ 2014;
Teke ve ark., 2020).

Covid-19 (Kovid-19) icin tedavi seceneklerinin
olmamasi, diinya capinda endiseye yol agmis ve bu
hastaligin bulagsmasini 6nlemek ic¢in bir¢ok alternatif
secenek aranmaya baglanmigtir. Benzer gsekilde,
onleyici tedbirlere daha fazla odaklanmak da dahil
olmak tzere enfeksiyonun ilerlemesini hafifletmek
i¢in insanlar dogal ve bitkisel tirtinlere yonelmiglerdir
(Alyami ve ark., 2020). Bu durum, koronaviriis
pandemisi siirecinde halkin gifali bitkilere karsi olan
ilgisi daha da artmistir. Bu konuda dinyada farkh
gruplarin Covid-19’a karsi kullanilan bitkilere yonelik
yapilmig bazi calismalar bulunmaktadir (Alyami ve
ark., 2020; El Alami ve ark., 2020; Khanal ve ark.,
2020; Charan ve ark., 2021;). Tiirkiyede ise daha ¢ok
geleneksel tedavide gifall bitkilerin kullaniminin
tespitine yénelik calismalar yapilmistir (Cémert &
Ding, 2014; Teke ve ark., 2020).
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Bu calisma ile Turkiye genelindeki saglik
personellerinin tibbi aromatik bitkiler kullanimindaki
egilimleri belirlenmeye calisilmigtir. Ayrica, pandemi
stirecinde Tirkiyede saghik personeli tarafindan
Covid-19a karst bagisiklik sistemini giliclendiren
bitkileri tanima ve kullanim diizeyleri ile etkilerine
yonelik goriigleri ortaya konmustur.

MATERYAL ve METOD

Bu arastirma tanimlayici modelde tasarlanmig olup,
10 Temmuz- 30 Aralik 2021 tarihleri arasinda
calisilmigtir.

Cowvid-19 mucadelesinde diger mesleklere gore en fazla
maruz kalan meslek grubu saghk c¢aliganlaridir.
Ayrica kimyasal ilaclar1 ve kullanimini diger meslek
gruplarina goére en fazla bilen ve uygulayan meslek
grubu da saghk c¢alisanlar1 olmasi nedeniyle bu
calisma saglik personeli tizerinde gerceklestirilmistir.

Turkiye’de bulunan 1.142.469 saghk calisam
arastirma evrenini olusturmustur (Anonim, 2021).
Aragstirmanin 6rneklemini ise arastirmanin yapildigi
tarihler (10 Temmuz - 30 Aralik 2021) arasinda, online
olarak internet tUzerinden paylasilan, ankete
katilmay1 kabul eden ve “basit rastgele 6rnekleme
yontemi” ile segilen 1320 saghk ¢alisani olugturmustur
(Karasar, 2003). Rastgele 6rnekleme yontemi evrende
bulunan her birimin/bireyin Ornege seg¢ilme sansi
birbirine esittir (Ozdamar, 2001). Bu bsliimde ayrica,
veri toplama araci/verilerin analizi, etik ve ¢alismada
yer alan katilimcilar ile ilgili bilgilere yer verilmigtir.

Veri Toplama Araci ve Verilerin Analizleri
Google forms tizerinden hazirlanmig olan 15 soruluk

yar1 yapilandirilmig anket formu katilimcilara online
olarak uygulanmistir. Verilerin toplanmasinda
kullanilan anket iki bélimden olusmaktadir. Ilk
b6limde demografik bilgiler, ikinci bolimde ise
katilimcilarin tibbi ve aromatik bitkilere ait tutum ve
davraniglarin1  belirlemeye yonelik sorular yer
almaktadir. Anket formu online olarak internet
uzerinden paylasilmig olup, anketi doldurarak katilim
saglayan 1320 saghk c¢aligan1 tizerinden aragtirma
yuriatilmustir.

Verilerin analizinde; SPSS 24 paket programi
kullanilmis olup frekans ve yuizdelik hesaplamalar:
yapilmistir. Frekans ve ylizdelik tablolari, verinin bir
biitiin olarak okuyucuya sunulmasini saglar ve
anlamlandirilmasini  kolaylastirr (Biiytikéztiirk ve
ark., 2013).

Aragtirma Etigi

Aragtirma, Balikesir Universitesi Tip Fakiltesi,
Klinik Arastirmalar Etik kurulunun 05 Temmuz 2021
tarihli ve 84498454/050.03./46493 sayili onay1 ile
calisilmigtir. Katilimcilar i¢in gonullilik esasina
uygun olarak, anket formunun baslangic kisminda
arastirmaya katilma onami alinmistir. Arastirmaya
katilmay1 onaylayanlar ¢calismaya dahil edilmigtir.

BULGULAR ve TARTISMA
Katilimeilarin Demografik Ozellikleri

Calismaya toplam 1320 kisi katilmistir. Katilimcilarin
%551 kadin, %451 erkek, %37’si lisans, %27si 6n
lisans, %26’s1 lisanststi ve %10’u lise mezunu, %244
21- 30 yas arasi, %27’s1 31-40, %311 41-50 ve %181 50
ve lizeri yag araligindadir (Cizelge 1).

Cizelge 1.Katilimcilarin yas, 6grenim ve cinsiyet durumuna gore dagilimlar:
Table 1. Distribution of age, education and gender of the participants

Yas F %  Ogrenim Durumu F % Cinsiyet F %
(Age) (Education Status) (Gender)

21-30 312 24 Lisansiisti 348 26 Kadin 730 55
31-40 353 27 Lisans 487 37 Erkek 590 45
41-50 414 31  Onlisans 361 27

50- 241 18 Lise 124 10

Toplam 1320 100 Toplam 1320 100 Toplam 1320 100

Katilimcilarin Bolgelere Gore Dagilimlar:

Bolgelere gore katilimci dagilimi; Ege bolgesi 278
(%21), I¢ Anadolu 253 (%19), Marmara 241 (%18),
Akdeniz 188 (%14), Karadeniz 160 (%12), Dogu
Anadolu 112 (%8) ve Giiney Dogu Anadolu bélgesi 100
(%8) katilimcidir (Sekil 1).

Katilimcilarin Mesleki Dagilimlari

Katilimcilarin; %181 hemsire, %16’s1 saglik memuru,
%12’s1 hekim, %10u ATT, %9u paramedik, %9u ebe,
%81 tibbi sekreter, %7’si eczaci, %6’s1 psikolog, %51
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diger (sosyal calismaci, miidiir, dis hekimi vs.)
seklindedir (Sekil 2).

1320 katilimcinin, 1016’s1 gifali bitkilerin etkili
olduguna kismen ve tamamen inandigini belirterek
ankete devam etmig, 304 katilime ise etkili olduguna
inanmayip devam etmemistir. Bu durumda, Covid-19
pandemi surecinde tibbi ve aromatik bitkilerin etkili
olduguna tamamen inananlarin sayist %44, kismen
inananlarin sayis1 %33 ve inanmayanlarin sayisi ise
%23’tiir (Sekil 3).
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Sekil 1. Katilimcilarin Turkiye geneli bolgelere gore dagilimlar:
Figure 1. Distribution of the participants by regions of Turkey
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Sekil 2. Katilimcilarin meslek gruplarina gore dagilimlar:
Figure 2. Distribution of the participants by occupational groups
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Sekil 3. Tibbi ve aromatik bitkilerin etkinligine inanma durumu
Figure 3.Belief in the effectiveness of medicinal and aromatic plants

Tibbi ve aromatik bitkilerin etkili olduguna kismen ve
tamamen inanan 1016 katilimcinin 642’si (%63) bu
bitkileri kullanmis olup ankete devam etmis ve 374’
(%37) ise kullanmamis olup ankete devam etmemistir
(Sekil 4).
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Genel olarak; ankete katilan saghk c¢alisanlarimin
%77’s1 tibbi ve aromatik bitkilerin tamamen ve kismen
etkili olduguna inanmis ve bunlarin %634 sifali
bitkileri kullanmistir. Katilimcilarin %23 ise sifah
bitkilerin etkisine inanmadiklarimi séylemiglerdir.
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Khanal et al. (2020) tarafindan Nepalin Tanahun
bélgesinde yapilan benzer bir calismada da ankete

katilanlarin %73'intn bazi hastaliklarin tedavisinde
sifali bitkileri kullandiklarini séylemigtir.

%37 HAYIR

%63 EVET

m63%

m37%

Sekil 4. Covid-19 pandemi siirecinde tibbi ve aromatik bitki kullanim durumu
Figure 4. The use of medicinal and aromatic plants during the Covid-19 pandemic

Kullanilan Dbitkiler ve Dbitkilerin kullaniminda
yararlanilan kaynaklar sorusu birden fazla cevap
igsaretlenebilen sorulardir. Kullanim degeri en yliksek
olan bitki kekik/Origanum sp. (%99) olup

narenciye/ Citrus sp. (%94) ve sarimsak/Allium
sativum (%93) bunu izlemektedir. En diisiik kullanim
degeri ise diger grupta yer alan miirver (Sambucus
nigra L.) ve elma sirkesi (%4) olmustur (Cizelge 2).

Cizelge 2. Katilimcilar tarafindan kullandiklar: ifade edilen bitkiler

Table 2. Plants stated to be used by participants

Kategoriler (Categories) (N=642) F %
1.Kekik (Origanum sp.) 639 99
2.Narenciye (Citrus sp.) 603 94
3.Sarimsak (Allium sativum L.) 596 93
4. Adacay1 (Salvia sp.) 422 66
5. Zeytin /zeytin yaprag1 (Olea europaea L.) 210 33
6. Corekotu (Nigella sativa L.) 125 19
7. Meyan (Glycyrrhiza glabra L.) 68 11
8. Udihindi (Aquilaria agallocha Roxb.) 54 8
9. Diger (Miirver/Sambucus nigra L., elma sirkesi) 24 4

El Alami et al. (2020) da Fas’ta yaptig1 bir calismada,
Google Forms tizerinden yaptiklar: anket calismasinda
100 kigsiye Covid1l9 salgimi sirasinda kullanilan sifal
bitkileri sormuslardir. Calismada, Covid-19 salgim
sirasinda kullanilan 11 familyaya ait toplam 23 tibbi
bitki tiri belirlenmigtir. En ¢ok kullanilan bitkiler ve
kullanim sikhiklari: Allium sativum (%80.9), Oleae
uropaea (%72.7), Allium cepa (%66.7), Zingiber
officinale (%66), Thymus maroccanus (%59.2),
Okaliptiis globiilleri (%56.5), Foeniculum vulgare
(%54,3), Curcuma xanthorrhiza (%50), Phoenix
dactylifera (%50), Rosmarinus officinalis (%47.9),
Thymus satureioides (%41.9), Mentha pulegium
(%41.3) ve Pimpinella anisum (%40) tir.

Calisma sonuglar ile farklh tilkelerde yapilan benzer
calismalarin bazi verileri Cizelge 3’te karsilsatirilmal
olarak verilmigtir.

Cizelge 3 incelendiginde, 6zellikle Suusi Arabistan ve
Fas’ta Covid-19 pandemisinde sarimsak ve soganin en
yaygin kullanilan bitkiler oldugu dikkati ¢cekmektedir.
Hem Tiurkiyede hem de Fasta zeytin yetigsmesi
nedeniyle her iki iilkede de pandemi siirecinde yaygin
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olarak zeytin bitkisini kullanimi gérulmektedir.

Tibbi ve aromatik bitkilerin kullanimi1 hakkinda
yararlanilan kaynaklar ise en fazla sosyal medya
(%86) iken en az yararlanmlan kaynak ise aile
biiyiiklerinden (%7) olmustur (Cizelge 4).

Alyami et al. (2020), Suudi Arabistan Kralligimda
yapmis olduklar: anket calismasinda da katilimeilarin
372’sinin (%39.4) koronaviriis siirecinde kullandiklar
bitkisel tirtinleri sosyal medya ve internet lizerinden
6grendigini bildirmigtir.

Tibbi ve aromatik bitkilerin temin edilmesi ve
kullanim sekli sorusu da Dbirden fazla cevap
igsaretlenebilen sorulardandir. Bitkilerin temin edilme
durumu; en fazla aktardan (%94) ve kendim topladim
(%75) iken en az ise diger grup (%17) ve
komgsumdam/arkadagimdan  (%25) olarak tespit
edilmistir (Cizelge 5).

Bitkilerin en fazla demleme (%99) ve gida (%91)
seklinde kullanildig1 en az kullanim geklinin ise yag
(%14) seklinde kullanim oldugu belirlenmistir (Cizelge
6).
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Cizelge 3. Farkli tulkelerde Covid-19 tedavisi igin kullanilan gifali bitkiler tzerine yapilan calismalarin

kargilagtirilmasi

Table 3. Comparison of studies on medicinal plants used in the treatment of Covid-19 in different countries

Ulke ad

Ankete katilan Tibbi bitki kullanan En yaygin kullanilan uygulama/bitki tiirleri

kisi sayis1 kisi sayis1
Tiirkiye (Bu ¢alisma) Sarimsak (A. sativum)
1320 642 Zeytin (O. europaea)
Sogan (4. cepa)
Suudi Arabistan Zencefil (Zingiber officinale)
Alyami et al. (2020), 5258 783 Sogan (A. cepa)
Sarimsak (A. sativum)
Fas Sarimsak (A. sativum)
El Alami et al. (2020) 100 - Zeytin (O. europaea)
Sogan (A. cepa)
Hindistan Ayurvedic Kadha
Charan et al. (2021) 495 128 Giloy (Tinospora cordifolia (Thunb.) Miers)

Tulsi (Ocimum sanctum L.)

4. Bitkilerin kullaniminda yararlanilan
kaynaklar
Table 4. Resources used in the use of plants

Cizelge

Kategoriler (Categories) (N=642) F %
1.Sosyal medyadan 550 86
2.Aktardan 201 31
3.Sifali bitkiler kitabindan 126 20
4.Eczaneden 97 15
5.Aile buyiklerinden 46 7

Cizelge 5. Bitkilerin temin edilme gekli

Table 5. The way the plants are procured
Kategoriler (Categories) (N=642) F %
1.Aktardan 601 94
2.Kendim topladim 482 75
3.Eczaneden 207 32
4. Komsumdan arkadasimdan 162 25
5.Diger (market, pazar ve online siparis) 110 17

Cizelge 6. Bitkilerin kullanim sekli

Table 6.How to use plants
Kategoriler (Categories) (N=642) F %
1.Demleyerek 636 99
2.Gada olarak (¢ig ya da pisirilerek) 584 91
3.Kaynatarak 422 66
4.Buhar ve koku 265 41
5.Bitkisel/Aromatik Yag olarak 87 14

El Alami et al. (2020) tarafindan Fas'ta Covid-19 ile
ilgili yapilan benzer bir galigsmada kullanilan bitkilerin
familya bazinda kullanim sgekilleri belirlenmigtir.
Buna gére Lamiaceae ve Asteraceae tiirlerinin toprak
tsti kistmlariin infiizyon veya kaynatma, Apiaceae
tirlerinin  tohumlarinin infiizyon, Cupressaceae
tirlerinin gen¢ dallarimin kurutulmasiyla elde edilen
tozlarin ve Liliaceae tiirlerinin soganminin agizdan
alinarak kullanildigini bildirmigtir.

Kullanilan bitkilerin etki sekli sorusu tek cevaplidir.
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Tibbi ve aromatik bitki kullanan 642 katilimcidan;
%631 hastaliga yakalanmadim, %20’si hafif atlattim,
%131 hi¢ etkisini gérmedim ve %44 hastaligr agir
gecirdim demistir (Cizelge 7).

Bitkilerle birlikte ilag ya da destekleyici kullanim
durumu sorusu ise birden fazla cevaplidir. Tibbi ve
aromatik Dbitkilerin yaninda destekleyici tedavi
kullanmayan 40314 hastaliga yakalanmayanlardir.
Geriye kalan 239 katilimcimin ytizdelik degerleri ise;
%92’s1 destekleyici olarak ilag, %96’s1 vitamin, %1004
takviye edici gidalar ve %74 mineraller kullanmistir
(Cizelge 8).

Cizelge 7. Kullanilan bitkilerin etki sekli
Table 7.The effect of the herbs used

Kategoriler (Categories) (N=642) F %
1.Hastaliga yakalanmadim 403 63
2.Halfif atlattim 128 20
3.Hig etkisini gérmedim 85 13
4.Hastalig1 agir gecirdim 26 4

Cizelge 8. Bitkilerle birlikte kimyasal ilag ya da destekleyici
kullanim durumu
Table 8. Use of chemical drugs or supplements with plants

Kategoriler (Categories) (N=642) F %
1.Ilac 220 92
2.Vitamin 230 96
3.Takviye edici gida 239 100
4. Mineraller 176 74
5.Kullanmadim 403 63

Covid-19 tedavisinde alternatif tip ve ilag kullanimin
belirlemek amagh yapilan benzer ¢alismada Charan et
al. (2021), Hindistan’daki bir izolasyon merkezinden
495 katilimciya telefon {izerinden bir anket
uygulamistir. Sonucta katilimeilarin 367'sinin (%74.1)
tamamlayic1 ya da alternatif tip truni kullanmadigi,
128 kisinin (%25.8) 161 cesit alternatif tip iiriinii veya
ev ilaclar1 kullandig1 goriilmiis. Alyami et al. (2020)
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tarafindan Suudi Arabistan Kralligi'nda yapilan bagka
bir ¢alismada ise katilimcilarin yaklasik %14.9'u
pandemi doneminde kendilerini hastaliktan korumak
icin  bitkisel Uriinler veya besin takviyeleri
kullandigini bildirmigtir.

SONUC ve ONERILER

Bu c¢alisma, Turkiye’de Covid-19 pandemi siirecinde
saghk caliganlarinin tibbi ve aromatik bitkilere ait
tutum ve davraniglarina yonelik yapilan ilk ¢alisma
ozelligini tagimaktadir. Bu nedenle ¢calisma modern tip
ilmi almig bireylerin tamamlayici tibba olan bakiginm
yansitmasi agisindan 6nemli bir degere sahiptir.

Calismada online anket yoluyla Turkiye genelinde
1320 saghk ¢alisanina ulagilmistir. Bunlar igerisinde
en yiksek katilimi hemsgireler (%18) saglamistir.
Ankete katilim orani; Ege, Akdeniz ve Marmara
bélgelerinde yiiksek ¢cikmigtir.Dogu Anadolu ve Giiney
Dogu Anadolu bélgesinde ise katilim oram distktur.
Katilime1 oranlar: iller bazinda degerlendirildiginde;
Izmir, Istanbul ve Ankara illerinde katilim orani en
yiiksek (%8) iken Bayburt, Kirikkale, Agr1 ve Kars
illerinde ise en diisiik (%0.2) oldugu gériilmiistiir.

Katilimcilara yar1 yapilandirilmig anket formu online
olarak uygulanmigtir. Yar: yapilandirilmis anketler,
arastirmaciya 6zel bir konuda derinlemesine soru
sorma imkani sunar ve katilimcilardan alinan
cevaplarin ayrintilandirilmasini saglar (Cepni, 2011).

Genel olarak; ankete katilan saglhk calisanlarinin
%77’s1 t1bbi ve aromatik bitkilerin tamamen ve kismen
etkili olduguna inanmis ve bunlarin %631 sifali
bitkileri kullanmigtir. Katilimcilarin %23 ise sifal
bitkilerin etkisine inanmadiklarinmi séylemiglerdir.

Sonug olarak, bu ¢alismada saglik ¢alisanlarinin tibbi
ve aromatik bilgilerin etkinligine inandiklari ve Covid-
19 pandemi silirecinde bu bitkilerden yararlandiklar
gorulmistir. Bununla birlikte ankete katilan saghik
personelleri bu stiregte sifali bitkilerin yani sira
destekleyici tedavi uyguladiklarini da belirtmiglerdir.

Katilimcilar tibbi ve aromatik bitkilerin kullanimi
hakkinda bilgileri daha ¢ok sosyal medya aracilig: ile
edinmiglerdir. Her ne kadar tibbi ve aromatik bitkiler
geleneksel tipta yaygin olarak kullanilsa da bitkilerin
kullaniminda uzman tavsiyesi mutlaka alinmalidir.
Ayrica dogru bitkiyi dogru dozda ve dogru yontemle
alinmas1 da o bitkinin gifali  6zelliklerinden
yararlanmak i¢in uyulmasi gereken en Onemli
kurallardan oldugu da unutulmamalidir.

TESEKKUR
Istatistik _ calismalarda  desteklerini  gérdigiimuz
Bartin Universitesi, Egitim Fakiltesi, Egitim

Bilimleri Bsliimii Dr. Ogretim Uyesi Mustafa FIDAN’a
tesekkiir ederiz.
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Aragtirmacilarin Katki Orani Beyan Ozeti

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

catigsmasi olmadigini beyan ederler.
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OZET Bahge Bitkileri

Bu arastirma; Trakya’da, 41° 01'11.41" K ve 27°39'49.14" D enlem ve

boylamlarinda Michele Palieri tizim cesidi baginda yurutilmustir. Aragtirma Makalesi
Omcalara farkli yaprak alma - u¢ alma uygulamalar: farkli fenolojik

gelisme agamalarinda uygulanmis ve bunlarin yaprak 6zelliklerine etkisi Makale Tarihgesi
arastirilmistir. Deneme 2018-2019 ve 2019-2020 gelisme periyotlarinda Gelig Tarihi  : 07.02.2022
yiiritilmiistir. Denemede 3 degisik gelisme déneminde (Tane Tutumu, Kabul Tarihi :24.08.2022
Iri Koruk, Ben Diisme) ve 4 farkli uygulama (Kontrol, U¢ Alma, Yaprak

Alma ve Yaprak Alma+Uc¢ Alma) yapilmistir. Yaprak alani ézelliklerini Anahtar Kelimeler
belirlemek i¢in; fenolojik gelisme asamalari, ortalama ana yaprak ve Yaprak Alma

koltuk yaprak alami (cm?), omca basina ana yaprak ve koltuk yaprak Uc Alma

alani (cm2 omca’l), omca basina toplam yaprak alan (cm2 omca'l), dekara Sofralik Uziim

verim (kg da'l), bir kilogram iiziime diisen gercek yaprak alani (cm?2 kg1 Toplam Yaprak Alani

dogrudan giines goren yaprak alani (m2 da'!) ve bir kilogram iiziime
diisen gilines géren yaprak alanmi (cm2 kg') hesaplamalar1 yapilmistir.
Sonug olarak; Tekirdag ilinde Michele Palieri sofralik iiziim ¢esidinde Iri
Koruk déneminde gerceklestirilen Yaprak Alma ve Yaprak Alma+Ug
Alma uygulamalarinin yaprak alanlarini artirdigi belirlenmigtir.

Giines Goren Yaprak Alani

The Effect of Leaf Removal and Topping at Different Stages on the Grape Leaf Characteristics

ABSTRACT Horticulture
This research was conducted in Thrace, at the latitude and longitude of
41° 01' 11.41" N and 27° 39' 49.14" E, in the vineyard. Different leaf Research Article
removal and topping were applied to vines at different phenological : :
development stages, and their effects on leaf characteristics were Artlc.le Hlstory.
investigated on cv. Michele Palieri. The trial was conducted for two years Received ) 07.02.2022
in the 2018-2019 and 2019-2020 development periods. In the experiment, Accepted +24.08.2022
there were three different phenological stages (Berry Set, Bunch Closure, Keywords
Veraison) and four different applications (Control, Topping, Leaf Leaf Removal
Removal, Leaf Removal+Topping). To determine the leaf area Topping
characteristics, phenological stages, average main leaf and lateral shoot Table Gra
. . . pe
leaf area (cm?2), main leaf and lateral shoot leaf area per vine (cm?vine'), Total Leaf Area

total leaf area per vine (cm? vine'l), yield per decare (kg dal), leaf area
per one-kilogram grape (cm? kg1, leaf area exposed to the sunlight (m?2
da’l) and sun-exposed leaf area per kilogram grape (cm2 kg'l) were made.
As a result, in the province of Tekirdag, it was determined that the Leaf
Removal and Leaf Removal+Topping applications carried out in the
Bunch Closure period of the table grape cv. Michele Palieri increased the
leaf area.

Sun-Exposed Leaf Area

Ataf Sekli: Korkutal, I., Bahar, E., & Zinni, A. (2023) Degisik Gelisme Dénemlerinde Yapilan Yaprak Alma ve Ug Alma
Uygulamalarimn Asma Yaprak Alam Ozelliklerine Etkisi. KSU Tarum ve Doga Derg 26 (2), 271-281.
https://doi.org/10.18016/ksutarimdoga.1069640

To Cite : Korkutal, I., Bahar, E., & Zinni, A (2023). The Effect of Leaf Removal and Topping at Different Stages on the
Grape Leaf Characteristics. KSUJ. Agric Nat 26(2), 271-281. https://doi.org/10.18016/ksutarimdoga.1069640

GIRIS Omcadan kaliteli irin elde edebilmek amaciyla

Ta¢ yonetimi bagcilikta ¢ok 6nemli bir yere sahiptir. stirglin, salkim ve yapraklarin tag¢ i¢indeki homojen
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dagilim ve yogunluklarimi saglamak ta¢ yonetimini
olusturmaktadir (Kliewer, 1980). Tac¢ sistemindeki
yapraklarin sayisi, dizilis sekli ve hacimleri; salkim
mikroklimas1 agisindan farkhilik g6stermektedir
(Smart ve ark., 1985). Omcadaki ana yaprak ve koltuk
yapraklarinin fizyolojik yaglarinda goriilen
farkhliklar, toplam fotosentez miktarini
degistirebilmektedir. Gen¢  yapraklar  yuksek
fotosentez kapasitesine sahiptir, ancak bu yapraklarin
tac icindeki konumu da 6nemlidir (Schultz, 1993;
1995). Kalite odakli tiziim tretiminin kanopi
mikroklimasindan etkilendigi unutulmamalidir (Nagy
ve ark., 2021). Gelisen teknoloji ile uydu temelli
goriintiiler ve insansiz hava araclar1 (Da Silva ve ark.,
2021) kullanilarak kanopi geometrik yapisi; yapraklar
omca iizerinde iken (non-destructive) (Lopes & Pinto,
2005) yaprak alamimi belirleme gibi yontemler
kullanilmaktadir.

Uc¢ alma ve yaprak alma o6nemli kanopi yo6netimi
uygulamalarindan olup, biyosentezi tesvik ederek
salkim bolgesi mikroklimasini 1iyilestirebilmektedir
(Bubola ve ark., 2019; Stefanovic ve ark., 2021).
Yaprak alma salkim bélgesindeki yapraklarin
uzaklastirilmas: (Cirkovic ve ark., 2022), uc alma ise
stirgiin ucunun alinmasidir (Dayer ve ark., 2021). Ote
yandan kolay uygulanabilirligi ve makineli olarak da
yapilabilmesi bu 6nemi artirmaktadir. Yaprak ve ug
alma nihai olarak olgunlagsmaya etki eden, yapilma
zamani ve derinligine bagh olarak etkisi degisen
uygulamalardir (Intrieri ve ark., 2008; Palliotti ve
ark., 2014; Anic ve ark., 2021). Bazal yapraklarin
alinmas1 iiziim kalitesini artirmaktadir (Ferlito ve
ark., 2020). Salkim bélgesinde tane tutumundan sonra
yogun yaprak alma ile havalanmanin ¢ok arttigr Yue
ve ark. (2019) ve Bakhsh ve ark. (2021) tarafindan
belirtilmigtir. Yaprak alma ile salkim bélgesine gelen
151k ve sicaklhigin arttigi ve bu sekilde kanopideki
yaprak yogunlugunun 6niine gecildigi (Stefanovic ve
ark., 2021), ayrica oransal nem diisiirillerek ve
hastalik ve =zararhlarla miicadelenin etkinlik
kazandig1 belirtilmistir (Guidoni ve ark., 2008; Prior
ve ark., 2010; Hickey & Wolf, 2019; Anic ve ark., 2021).
Yaprak alaninin buytkligi, omcanin i1s1k tutma
kapasitesini belirler ve yluksek bitkilerde biiytime i¢in
gereklidir. Bitkinin yaprak alam biiytimesi ve kitlesel
biylimesi arasindaki iligki, bitki bunyesindeki
karbonhidratlarin; yeni yaprak alani, yaprak kitlesi,
kok kiitlesi, g¢ogalma ve solunum arasinda nasil
bsliindiigiine baghdir (Risco ve ark.,, 2014;
Weraduwage ve ark., 2015). Yaprak alanlarinin
belirlenmesi  kanopi  yogunlugunun &lgiilmesini
saglayarak, sonugta uzim kalitesinin geleneksel
bagcilik uygulamalarindan nasil etkilendigini ortaya
koymaktadir. Cesit, yaprak alam1 gelisimini
belirlerken; yaprak alani da tretilen kuru madde
miktarini belirlemektedir (Grantz & Williams, 1993;
Candar ve ark., 2021). Tane tutumu dénemi ve hemen
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sonrasinda  yapilan yaprak almanin  verim
bilegenlerini etkilemedigi Bubola ve ark. (2019) ve
Anic ve ark. (2021) tarafindan belirtilmistir. Ben
disme doneminden once, Riesling tizim c¢esidinde
salkim bolgesinden silirglin ucuna kadar ¢ok siddetli
yaprak alma yapildiginda; olgunlasma yaklagik 2
hafta gecikmistir (Stoll ve ark., 2009). Omca basina
yiksek verim; digiik yaprak alani/verim orani ile
iligkilidir. Ornegin bu oran tek kanopilerde (0.8 m2 kg
1) ve boliinmiis kanopilerde (0.5 m2 kg'!) olabilir. Bu
durumlarda gerekirse olgunlagsmay:1 gelistirmek ve
omca bagina disiik verim almak i¢in salkim seyreltme
veya erken donemde u¢ alma yapilarak yaprak
alani/verim orani artirilabilir (Kliewer & Dokoozlian,
2005; Palliotti ve ark., 2014). Diger faktérler omca
geligimini kisitlamadiginda; toplam yaprak alam ve
dogrudan giines goren yaprak alani ylzdesi omcanin
Uzimu olgunlastirma kabiliyetini belirlemektedir
(Kliewer & Dokoozlian, 2005). Ote yandan Gomez del
Campo ve ark. (2002) tarafindan da vurgulandig: gibi
yaprak alami olusturma kapasitesi genetik kontrol
altindadir. U¢ alma ile koltuk slrgini gelisimi
rekabete girdiginden; sonugta olgunlagmay:
geciktirebilir. Ben diismeden bir hafta sonra gec
dénemde yapilan ug alma ile seker
konsantrasyonunun énemli oranda dustigu Filipetti
ve ark. (2011) tarafindan belirlenmistir. Derin ug ve
yaprak almanin Feteasca Regala lizim c¢esidinde
taneye seker akigim geciktirdigi belirlenmistir. Ote
yandan ben diusme baslangicinda yapilan siddetli ug
almanin koltuk surginleriyle rekabeti artirarak
hasatta gecikmeye yol actig1 gérilmustir. Ancak derin
yaprak alma ile ortalama tane agirligr azaldigindan;
tane kabugundaki aromatik bilegenlerin birikimi
artmistir (Bucur, 2021).

Bu arastirma; degisik gelisme dénemlerinde yapilan
yaprak alma ve u¢ alma uygulamalarinin yaprak

ozellikleri ve verim Uzerine etkilerini incelemek
amaciyla gercgeklestirilmigtir.

MATERYAL ve METOD

Materyal

Bu c¢alisma Trakya’da 2018-2019 ve 2019-2020
vejetasyon periyotlarinda iki yil stireyle,

41°01'11.41"K enlem ve 27°39'49.14"D boylamlari
arasindaki bagda yuritualmustir. Bitkisel materyal
olarak 10 yasindaki, 110R anacina asilamig olan
Michele Palieri tizim c¢esidi sec¢ilmistir Yerden
yiksekligi 170 cm olan omcalara biiyiik T terbiye sekli
(T genisligi 160 cm) uygulanmigtir. Omcalarin dikim
aralik ve mesafeleri 2.5 x 1.5 m’dir. Omcalar 30-40
stirglin ve 20-30 salkim sayisina dengelenmistir. Bagin
rutin bakim iglemleri tim deneme omcalarina aym
sekilde yapilmigtir. Sonbaharda taban gubrelemesi,
vejetasyon periyodunda damla sulama ile temel
giibreler ve goriulen besin noksanhigi semptomlarina
gore yaprak gibreleri periyodik olarak uygulanmistir.
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Yaprak dokimiinin ardindan ve baharda bordo
bulamaci, vejetasyon periyodu i¢inde 61 kol, mildiydo,
killeme ve salkim guvesi ilaclari kullanilmigtir.
Bagda sulama yapilmamistir, dogal yagisa birakilmisg
ancak giibreler damla sulama sistemi ile verilmigtir.

Metod

Bag Denemede; Tane Tutumu (T), Iri Koruk (I) ve Ben
Diisme (B) olmak {izere ii¢ ayr1 dénemde uygulama
yapilmigtir. Her donemde sadece bir uygulama
yapilmistir. Bu gelisme donemlerinde omcalara;
Kontrol, U¢c Alma (UA) uygulamas1 son salkimdan 8
yaprak sonratkoltuk siirgiinii sayis1 3 adet olarak;
Yaprak Alma (YA) ilk 4 yaprak alinarak; Yaprak
Alma+Ug¢ Alma (YA+UA) ise her iki uygulamanin
kombinasyonu olarak yapilmigtir. Calisma Tesaduf
Bloklar: Deneme Deseninde planlanarak
yuratilmustir. Her blokta 3 omca ve 2 tekerrir
olusturulmustur.

Istatistik Analizler

Elde edilen veriler MSTAT-C (Microcomputer
Statistical Package - Michigan State University, USA)
ve JUMP (SAS, USA) istatistik paket programlar ile
degerlendirmis ve istatistiki farklar1 ortaya koymak
icin de LSD testi (Fisher’s Least Significant Difference,
UK) uygulanmistir. Yapilan analizde Dénem Ana
Etkisi, Uygulama Ana Etkisi, Yil Ana Etkisi ve
Uygulama Ana Etkisi x Donem Ana Etkisi
interaksiyonlar: degerlendirilmistir.

Aragtirmada Incelenen Kriterler

Yaprak Alma ve U¢ Alma uygulamalarinin etkilerini
belirlemek amaciyla baghica fenolojik gelisme
asamalarinin (Tane Tutumu, Iri Koruk, Ben Diigme)
tarihleri kaydedilmistir (Lorenz ve ark., 1995). Yaprak
alan1 ozelliklerini belirlemek i¢in; ortalama ana
yaprak ve koltuk yaprak alani (cm2); hasattan sonra
iki surginden alinan ana yapraklarin ortalama
yaprak alani scanner ile tarandiktan sonra elde edilen
fotograflar Flaeche programi ile hesaplanmistir (Kraft,
1995). Omca basina ana yaprak ve koltuk yaprak alam
(cm2 asma'1); hasattan sonra érnek alinan omcalardaki
tium surgun sayilar1 belirlenmis ve oranlanarak
hesaplanmigtir.

Omca basina toplam yaprak alani (cm? asma’’) = Asma
basina ana yaprak alani (cm? asma’) + Asma basina
koltuk yaprak alani (cm? asma-1) (1

ile belirlenmistir (Irimia & Tardea, 2006; Sanchez-de-
Miguel ve ark., 2010). Dekara verim (kg da'l), hasat
déneminde olgunlasan salkimlarin tartilmasiyla elde
edilmigtir.

Bir kilogram iiziime diisen gercek yaprak alani (m? kg-
1) = Omca basina toplam yaprak alani (m? asma-') /
Asma basina verim (kg asma-) (2)

hesaplanmistir (Sanchez-de-Miguel ve ark., 2010).
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Dogrudan giines goren yaprak alami (m? da
)=(1000m?SA) X [(H X 2+TG]/ X (1-TBA)  (3)

formiiliinden SA= Swra arasi mesafesi (m), H=
Yiikseklik (m), 2= Iki yiizey, TG= Ta¢ genisligi (m),
TBA= Tag bosluk alani (%10) ifade etmektedir.

Bir kilogram tiziime diisen giines géren yaprak alani
(m? kg'!) = Dogrudan giines géren yaprak alani (m? da’
1) / Dekara verim (kg da!) (4)

esitliginden  bulunmustur 1980;
Carbonneau, 1983).

(Carbonneau,

BULGULAR ve TARTISMA

Michele Palieri iiziim cesidinde ii¢c ayr1 dénemde (Tane
Tutumu, Iri Koruk ve Ben Diigme) farkli Yaprak ve Ug
Alma uygulamalarinin yaprak alanlar1 tzerine
etkilerinin incelendigi bu ¢calismada iki deneme yilina
ait asagidaki bulgular elde edilmistir.

Fenolojik geligme tarihleri

Denemede 2018-2019 yillar1 vejetasyon déneminde
gerceklesen bazi fenolojik gelisim asamalarinin
tarihleri 1 Mayis'tan itibaren kaydedilmigtir.
Bunlardan Tane Tutumu (EL 27 asamas1) 06.06.2018
ve 15.06.2019 tarihlerinde kaydedilmis ve iki yil
arasinda 9 gunlik bir fark oldugu gorilmustir.
Benzer sekilde Iri Koruk dénemi (EL 31 asamasi)
26.06.2018 ile 05.07.2019 tarihlerinde gerceklesmig ve
aralarinda 8 glnlik bir fark olusmus; EL 35
déneminin ise (Ben Diisme) 25.07.2018 ile 03.08.2019
tarihlerinde gerceklestigi ve 2019 yilinda Ben
Diigsmenin 2018 yilindan 9 giin daha ge¢ gerceklestigi
belirlenmigtir. Uygulamalarin olgunluk ve hasat
(Eylil ay1 ilk haftas) zamanina bir etkisi
goriillmemigtir.

Ortalama Ana Yaprak Alani (cm2)

Tki y1l (2018-2019) verileri incelendiginde ortalama
ana yaprak alam tzerine DT istatistiki olarak p<0.05
seviyesinde o6nemli bulunmustur. UT, YT ana
etkilerinin ve UT x DT interaksiyonunun istatistiki
olarak oOnemli etkide bulunmadigr goéralmiistir
(Cizelge 1).

DT incelendiginde 1 (278.23 cm?) ve T (270.27 cm2)
donemlerinin  birinci 6nem grubunda oldugu
gorilmustir. Ote yandan B déneminin (255.98 cm?2)
son oOnem grubunda oldugu bulunmustur. UT
degerlendirildiginde  istatistiki olarak  G6nemsiz
bulunmusg ancak degerlerin 262.31 cm? ile 272.58 cm?
arasinda oldugu kaydedilmistir. Cigeklenme 6ncesi ve
tane tutumunda farkli sekillerde yaprak alinan
Sangiovese ¢esidinde ana yaprak alani degisimlerinin
istatistiki olarak 6nemli bulunmadig bulgusu (Intrieri
ve ark., 2008) ile arastirma sonucu benzerdir. YT
onemsiz bulunmus, bu bulgunun yilin ana yaprak
alanim1 degistirmedigini belirten Candar (2018) ile
paralel oldugu gorilmiistir.
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Cizelge 1. Ortalama ana yaprak alani tizerine farkli uygulamalar ve dénemlerinin etkileri
Table 1. Different applications and application periods effect on mean main leaf area

D Vil Uygulamalar Ana Etkiler
K UA YA YA+UA DT YT
2018 286.2+12.7 252.2+11.1 260.6+18.9 264.5+19.3
T 2019 257.5+28.0 280.8+23.1 273.8+33.3 287.0+18.4 270.3+5.32
Ort. 271.9+7.9 266.7+1.9 267.2+7.4 275.8+1.4
2018 270.4+7.0 268.5+£27.1 288.4+20.4 288.1+24.9
I 2019 291.4+43.6 252.7+12.5 271.5+76.1 294.9+66.7 278.2+21.82 (226(?12;&27 (226(?13;E410
Ort. 280.9+11.5 260.6+9.2 279.9+28.6 291.5+8.5
2018  240.1+15.1 273.0+£8.5 238.7+28.9 266.8+21.4
B 2019 251.3+42.1 247.2+34.8 302.4+49.4 228.1+23.2 256.0+£13.8P
Ort. 245.7+6.7 260.1+4.7 270.6+18.3 247.5+19.2
UT 266.2+17.5 262.3+6.7 272.6£17.7 271.6+21.7

Aym siitunda farkh harfleri tasiyan gruplarin ortalamalar1 arasindaki farkliliklar istatistiksel olarak onemlidir (UT:
Uygulama Ana Etkisi, DT: Dénem Ana Etkisi, YT: Y1l Ana Etkisi).

DT p<0.05=9.870

Ortalama Koltuk Yaprak Alan1 (cm?2)

Ortalama koltuk yaprak alanina etkisi bakimindan YT
istatistiki olarak (p<0,05) 6nemli; ancak UT, DT ve UT
x DT interaksiyonunun 1ise Onemsiz oldugu
goriilmistiir (Sekil 1). YT incelendiginde farkh
donemlerde yapilan yaprak ve u¢ alma uygulamalar:
sonucunda 2018 yilinin 138.53 cm? degeriyle 6n plana
ciktigr gorilmiustir. UT incelendiginde rakamlarin
birbirine ¢ok yakin ve 129.85 cm?2-131.44 cm? arasinda
oldugu tespit edilmistir. DT bakimindan; B (132.87
cm?), I (130.08 cm2) ve T dénemi (128.76 cm?2) olarak
siralandig1 bulunmustur.

Aragtirma bulgulari, Feng ve ark. (2015) yaprak alma
ile koltuk surgiinleri buyimesi arttigindan; yaprak
alanlar1 arasinda istatistiki olarak bir fark olugsmadig:
bulgusuyla benzerdir. Benzer sekilde bulgular Candar
(2018) ile aymi dogrultudadir. Ciceklenme oncesi ve

tane tutumunda farklh sgekillerde yaprak alinan
Sangiovese  c¢esidinde  koltuk  yaprak  alam
degisimlerinin istatistiki olarak oOnemli oldugu

(Intrieri ve ark., 2008) bulgusu ile arastirma sonucu
celismektedir. Bu farkin yaprak almalarin yapilma
zamani1 ve yaprak alma seklinden kaynaklanmisg
olacag: dustinulmuistiir.

Omca Bagina Ana Yaprak Alani (m2 omca™)

Omca bagmma ana yaprak alam1 agisindan
incelendiginde YT ve DT istatistiki olarak (p<0.05)
onemli bulunmustur. Ancak UT ve UT x DT
interaksiyonunun istatistiki olarak 6nemli olmadigi
gorillmiistiir (Cizelge 2).

YT incelendiginde farkli donemlerde yapilan yaprak ve
uc¢ alma uygulamalar: sonucunda 2018 yili (6.94 m?
omca'l), 2019 yilindan (6.22 m2 omcal) daha yiiksek
omca basina ana yaprak alani degerine sahip
olmustur. Yapmis oldugu uygulamalarla ana yaprak
alanlarinin yillar arasinda degistigini belirten Candar
(2018) ile benzer sonu¢ alinmistir. DT agisindan I
dénemi (7.24 m? omca) birinci 6énem grubunda, B
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(6.31 m2 omca) ve T (6.21 m2 omca'!) dénemlerinin ise
son 6nem grubunda oldugu ortaya c¢ikmigtir. UT
degerlerinin YA+UA (6,97 m? omca) ile YA (6.15 m?
omca’!) arasinda oldugu tespit edilmistir. Iri koruk
déneminde el ve makineli yaprak alan Bubola ve ark.
(2019 n1in, en yiiksek ana yaprak alaminmin Kontrol
uygulamasindan elde ettikleri bulgusu ile deneme
sonuclari benzerlik géstermektedir.

Omca Bagina Koltuk Yaprak Alani (m2 omca™l)
Omca basina koltuk yaprak alam incelendiginde YT

istatistiki  olarak  p<0.05 seviyesinde Gnemli
bulunmustur. Ancak DT, UT ve UT x DT
interaksiyonlarmnin ise istatistiki olarak o6nemli

olmadig1 gorilmiistiir (Sekil 2). YT incelendiginde
farkli donemlerde yapilan yaprak ve wu¢ alma
uygulamalar: sonucunda 2018 yilimin 2019 yilindan
daha fazla yaprak alanina sahip oldugu belirlenmisgtir.
Bu bulgu Candar (2108) ile ayn1 yéndedir. Dénem Ana
Etkisi incelendiginde I dénemi (3.40 m? omcal), B
dénemi (3.29 m2 omca?) ve T (2.98 m2 omca™!) dénemi
seklinde siralandigi gorilmiistiir. UT'ne gore 3.36 m?2
omcal (YA+UA) ile 2.97 m? omca! (YA) rakamsal
degerleri arasinda oldugu tespit edilmistir. Bubola ve
ark., (2019), Iri Koruk déneminde yaptiklar: mekanik
ve el ile yaprak almanin koltuk yaprak alanina
etkisinin istatistiki olarak 6nemli olmadig1 bulgusu ile
ayn1 yonde sonuca varilmigtir.

Omca Bagina Toplam Yaprak Alani (m2 omca™?)

Omca basgina toplam yaprak alani bakimindan YT ve
DT istatistiki olarak p<0.05 seviyesinde 6nemli; UT
ana etkisi ve UT x DT interaksiyonlarinin 6nemli
olmadig1 gorillmiistiir (Cizelge 3).

YT incelendiginde farkli donemlerde yapilan yaprak ve
u¢ alma uygulamalari sonucunda omca basina toplam
yaprak alami 2018 yilinda (10.57 m? omca-1); 2019
yilindan (9.05 m2 omcal) yiiksek oldugu belirlenmistir.
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Sekil 1. Ortalama koltuk yaprak alani tizerine farkl uygulamalar ve donemlerinin etkileri
Figurel. Different applications and application periods effect on mean lateral shoot leaf area
UT: Uygulama Ana Etkisi, DT: Dénem Ana Etkisi, YT: Y1l Ana Etkisi. YT p<0.05=10.075

Cizelge 2. Omca bagina ana yaprak alani tizerine farkli uygulamalar ve dénemlerinin etkileri
Table 2. Different applications and application periods effect on main leaf area per vine

D Vil Uygulamalar Ana Etkiler
K UA YA YA+UA DT YT
2018 7.04+1.3 7.26+0.4 5.45+1.0 6.45+1.1
T 2019 5.31+1.0 6.11x1.0 5.27+0.3 6.82+1.1 6.21+0.5P
Ort. 6.18+0.1 6.69+0.4 5.36+0.5 6.64+0.1
2018 7.67+1.2 7.28+1.6 7.24+0.1 8.29+0.8 A B
i 2019 7.38+1.2 5.79+1.5 6.85+1.6 7.38+2.3 7.24+0.82 ?2'3‘;;)1'3 ?2'(2)?5)1'4
Ort. 7.53+0.3 6.54+1.1 7.05+0.5 7.84+0.6
2018 6.20+1.4 7.56£0.5 5.22+0.7 7.71+1.6
B 2019 5.86+1.9 5.86+1.6 6.92+1.0 5.15+1.2 6.31+0.6P
Ort. 6.03+0.4 6.71+0.3 6.07+0.4 6.43+0.9
UT 6.58+0.7 6.64+0.7 6.15+0.6 6.97+1.0

Ayni stitunda farkh kiigik ve ayni satirda biliylik harfleri tagiyan gruplarin ortalamalar: arasindaki farkliliklar istatistiksel
olarak énemlidir (UT: Uygulama Ana Etkisi, DT: Dénem Ana Etkisi, YT: Y1l Ana Etkisi). YT p<0.05=0.549, DT p<0.05=0.672

s Kontrol mm UA e YA YA+UA =@=-DT
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Sekil 2. Omca basina koltuk yaprak alani lizerine farkli uygulamalar ve donemlerinin etkileri
Figure 2. Different applications and application periods effect on lateral shoot leaf area per vine
UT: Uygulama Ana Etkisi, DT: Donem Ana Etkisi, YT: Y1l Ana Etkisi. YT p<0.05=0.419
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Cizelge 3. Omca basina toplam yaprak alam tizerine farkli uygulamalar ve dénemlerinin etkileri
Table 3. Different applications and application periods effect on total leaf area per vine

D Vil Uygulamalar Ana Etkiler
K UA YA YA+UA DT YT
2018 10.28+1.6 11.28t0.6 8.33t1.8  9.80+1.8
T 2019 7.72+1.7  8.71£1.3  7.57+0.4  9.89+1.5  9.19+0.7
Ort. 9.00£0.1 10.00£0.6  7.95:0.8  9.85:0.2
2018 11.70£2.5 10.94+2.1 10.59:0.4 12.33+1.5
i 2019 10.4641.7 8.45:2.2 10.26+2.2 10.36+2.7 10.63+1.1a (120(.):5[;:)‘:1.9A ?2'8‘?5)1'9]3
Ort. 11.08£0.6 9.70£1.5  10.43:0.8 11.35:0.9
2018 10.10£2.3 11.62+0.6  8.00:0.6  11.87+2.1
B 2019 8.65:2.8 8.77+1.9 10.06£0.7  7.76+1.7  9.60+0.8ab
Ort. 9.38£0.7 10.20:0.4 9.03+0.3  9.82+1.1
UT 9.82+1.0 9.96+0.9  9.14+0.9  10.34+1.2

Ayni1 stitunda farkl kiigik ve ayni satirda biiyiik harfleri tagsiyan gruplarin ortalamalar: arasindaki farkliliklar istatistiksel
olarak énemlidir (UT: Uygulama Ana Etkisi, DT: Dénem Ana Etkisi, YT: Y1l Ana Etkisi). YT p<0.05=0.889, DT p<0.05=1.08

Yilin omca basina toplam yaprak alaninmi degistirdigi
bulgusu Candar (2018) ile aym1 yénde olmustur. DT
incelendiginde I dénemi (10.63 m2 omca) birinci 6nem
grubunda, B (9.60 m2? omca!) dénemi ikinci énem
grubunda ve T (9.19 m2 omca’l) déneminin ise son
6nem grubunda oldugu kaydedilmistir. Sauvignon-
Blanc tizim g¢esidinde taneler bezelye iriliginde
yapilan yaprak alma uygulamasi sonucunda yaprak
alaninda 6nemli bir artis saptanmistir (Wiirz ve ark.,
2018). Arastirma bulgularinin; yaprak alma
uygulamasinin kanopideki toplam yaprak alanini
kontrole nazaran %6 oraninda azalttigns ve bu
azalmanin %26 oraninda oldugunu belirten Anic ve
ark. (2021) bulgusuyla paralel oldugu bulunmustur.
Grenache tizim ¢esidinde Tane tutumunu takiben son
salkimdan sonraki bogumdan yapilan kesme ile derin
(bir kez) ve Tane tutumu+Ben diisme déneminde (iki
kez) aynmi seviyeden yapilan u¢ almanin tek
uygulamada %26-%58, c¢ift uygulamada %77-%92
omca basina toplam yaprak alanini azalttig1 bulgusu;
u¢ alma ile omca basgina toplam yaprak alaninda
azalma oldugu ancak bunun istatistiki olarak 6nemli
olmadig belirlenmistir (De Toda & Balda, 2013). Bu
farkin ug¢ alma derinliginden kaynaklandig1 sonucuna
varilmigtir.

Dekara Verim (kg da'l)

Dekara verime uygulama dénemleri ve uygulamalarin
etkileri bakimindan sadece Yil Ana Etkisinin
istatistiki olarak o6nemli oldugu; diger ana etki ve
interaksiyonlarinin 6nemli olmadigi ortaya konmusgtur
(Sekil 3). Bunun yillar arasindaki iklim faktérlerinden
(sicaklik, yagis, nem, vb.) kaynaklanmis olabilecegi
distunulmustir. YT agisindan incelendiginde; farkli
donemlerde yapilan yaprak ve u¢ alma uygulamalar
sonucunda 2018 yilinda 4616.06 kg da'! verim ve 2019
yilinda 1ise 2586.70 kg da! verim alindig:
belirlenmigtir. Bunun sebebinin 2019 yilinda daha az
yagis (2018 yili 675 mm yagis ve 2019 yili 335 mm
yagis) ve daha yogun hastaliklar (Uncinula necator,
Plasmopara viticola, Botrytis sp.) gorilmesi ve
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ilaclamalarin  ge¢  kalmasindan  kaynaklanmig
olabilecegi diisiiniilmiistiir (Korkutal ve ark., 2021).

Tirker & Dardeniz (2014), koltuk almanin Cardinal ve
Amasya Beyazi ¢esitlerinde verim artig1 yaratmadigi;
Yalova Incisi, Yalova Cekirdeksizi, Ata Saris1 ve Kozak
Beyaz1 gesitlerinde verimi azalttigi; Korkutal ve ark.
(2018) da Merlot cegidinde uc¢ almanin verimi
azalttigini ifade etmiglerdir. Ayrica yaprak alani ile
verim arasinda pozitif bir iligki oldugu Di Lorenzo &
Pisciotta (2019) tarafindan belirtilmistir.
Aragtiricilarin  bulgulariyla sonucglar c¢elismektedir.
Bunun cesit ve konum farkindan kaynaklandig:
diigiinilmiistir. Ayrica Wirz ve ark.,, (2018)
Sauvignon-Blanc ¢esidinde taneler sagcma ve bezelye
iriliginde iken yaprak alma ile verim artig1 goruldiga
bulgusu ile arastirma bulgular: ¢elismektedir. Bunun
da yaprak alma zamanlari farkindan
kaynaklanabilecegi digtinulmiistiir. Sonuclar; Tane
Tutumu dénemi ve hemen sonrasinda yapilan yaprak
almanin verim bilesenlerini etkilemedigi (Bubola ve
ark., 2019; Anic ve ark., 2021) bulgusuyla benzerdir.
Stefanovic ve ark., (2021) Tane Tutumundan hemen
sonra (erken) yaprak aldiklarinda verimin Ben Diisme
baslangicinda (gec) gerceklestirilen yaprak almaya
oranla %9 distrdagini  bildirmiglerdir. Bu
arastirmada ise %14 oraninda verim dusukligu
oldugu hesaplanmistir. Bu bulgunun arastiricilarin
sonuglar ile ayni yonde oldugu kaydedilmistir.

Bir Kilogram Uziime Diisen Gergek Yaprak Alani (m?
kg?)

Bir kilogram iiziime diisen gercek yaprak alanina Yil
Ana Etkisi istatistiki olarak p<0.05 seviyesinde énemli
etkide; UT, DT wve UT x DT interaksiyonlarinin
etkisinin énemli olmadig goriilmiistiir (Sekil 4).

YT incelendiginde farkli donemlerde yapilan yaprak ve
u¢ alma uygulamalar: sonucunda bir kilogram tziime
diisen gercek yaprak alani 2019 yilinda 1.04 m2 kg! ve
2018 yilinda 0.64 m2 kg! olmustur. UT bakimindan
Kontrol (0.89 m? kg!)iin rakamsal olarak yiiksek
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deger aldig1 gorillmiistiir. U¢ Alma (0.81 m?2 kg)
rakamsal olarak bir kilogram tziume disen gercek
yaprak alanim diistirmiistiir. Dénemler incelendiginde
sirasiyla T'0.91 m2 kg1, 10.85 m2 kg1 ve B dénemi 0.74
m?2 kg1 degerine sahip olmustur. Kliewer & Dokoozlian
(2005) tek yiizeyli-kanopiye sahip sistemlerde yaprak
alani/verim oraninin 0.8-1.2 m?2 kg! oldugunu; yatay
bélinmius kanopilerde ise bu orani 0.5-0.8 m?2 kgt
olarak belirlemiglerdir. Bluyik T terbiye sistemine
sahip bu bagda tim uygulama zamanlar1 ve
uygulamalar i¢in elde edilmis olan degerler Kliewer &
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Dokoozlian (2005) tarafindan belirlenen arahiga
uygundur ve istatistiki olarak aralarinda bir fark
belirlenememistir. Ayrica De Toda & Balda (2013)
Grenache tiziim gesidinde Tane Tutumundan sonra
son salkimin {izerindeki bogumdan derin (tek
uygulama) ve Tane Tutumu+Ben Diisme déneminde
iki derin u¢ alma yapmiglar ve yaprak alani / verim
orani sirasiyla 0.50-0.80 m?2 kg?! ve 0.15 m? kgt
olmugtur. Bu verilerin arastirma verilerinden oldukga
distik oldugu, bunun da tekrarlamali uygulamadan
kaynaklandig1 digtintlmiigtur.
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Sekil 3. Dekara verim tizerine farkli uygulamalar ve donemlerinin etkileri
Figure 3. Different applications and application periods eftect on yield per decare
UT: Uygulama Ana Etkisi, DT: Dénem Ana Etkisi, YT: Yil Ana Etkisi. YT p<0.05=2.030
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Sekil 4. Bir kilogram tiztime digen gergek yaprak alani tizerine farkli uygulamalar ve dénemlerinin etkileri
Figure 4. Different applications and application periods effect on leaf area per kilogram grape
UT: Uygulama Ana Etkisi, DT: Donem Ana Etkisi, YT: Y1l Ana Etkisi. YT p<0.05=0.137
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Dogrudan Giines Géren Yaprak Alani (m2 da')

Dogrudan giines goéren yaprak alanina yapilan tim
uygulama ve ana etkilerin istatistiki olarak 6nemli
olmadig1 saptanmistir (Sekil 5). Bilindigi iizere
dogrudan glines goéren yaprak alani asmanin
fotosentez kapasitesini belirlemektedir (Carbonneau,
1980). Diger faktorler omca geligimini
kisitlamadiginda; toplam yaprak alani ve dogrudan
glines goren yaprak alami yiizdesi omcanin tUzimu
olgunlastirma kabiliyetini belirledigi Kliewer &
Dokoozlian (2005) tarafindan belirtilmistir. Istatistiki
olarak 6énemli olmamakla beraber YA uygulamasinin
dogrudan glines goren yaprak alanina pozitif etkide
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bulundugu goérilmustir. Uygulama doénemlerinin
etkileri ve yillar arasinda istatistiki olarak bir fark
olusmamistir. Yillar arasinda bir farkin olugsmadig:
bulgusu Candar (2018) ile benzerdir.

Bir Kilogram Uziime Diigsen Giines Goren Yaprak
Alan1 (m? kg?)

Bir kilogram tizime diigen giines goren yaprak alani
incelendiginde YT ve DT istatistiki olarak p<0.05
seviyesinde 6nemli bulunmustur. Ancak UT ve UT x
DT interaksiyonlarinin istatistiki olarak 6nemli
olmadig1 goriilmiistiir (Cizelge 4).
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] l ‘ ll i968771
2018 2019 Yil Ort.
B UT 2018 2019

Sekil 5. Dogrudan glines goren yaprak alani tizerine farkli uygulamalar ve donemlerinin etkileri
Figure 6. Different applications and application periods effect on leaf area exposed to the sunlight
(UT: Uygulama Ana Etkisi, DT: Dénem Ana Etkisi, YT: Y1l Ana Etkisi) O.D. (Onemli Degil)

Cizelge 4. Bir kilogram tziime diigen gilines goren yaprak alani tizerine farkli uygulamalar ve dénemlerinin etkileri
Table 4. Different applications and application periods effect on sun-exposed leaf area per one kilogram grape

D Vil Uygulamalar Ana Etkiler
K UA YA YA+UA DT YT

2018 0.38+1.2 0.34+0.2 0.39+0.4 0.32+0.9

T 2019 0.93+0.3 0.53+0.8 0.91+0.2 0.66+0.7 0.55+0.42
Ort. 0.66+0.5 0.44+0.3 0.65+0.1 0.49+0.4
2018 0.26+0.5 0.40£0.8 0.34+0.6 0.30+1.2

i 2019 0.65+0.6 0.71+0.7 0.51+1.0 0.54+1.6  0.46+0.4" O'é%i%;’B O'g%il%;A
Ort. 0.46+0.2 0.56+0.3 0.43+0.2 0.42+0.2 1
2018 0.32+1.3 0.31+0.6 0.43+1.3 0.27+0.9

B 2019 0.53+0.3 0.53+0.4 0.54+0.5 0.58+0.3 0.43+0.4b
Ort. 0.43+0.3 0.42+0.1 0.49+0.4 0.43+0.4

UT 0.51+0.4 0.47+0.2 0.52+0.3 0.45+0.4

Aym siitunda farkh kiiglik ve ayn1 satirda blytik harfleri tagiyan gruplarin ortalamalar1 arasindaki farkliliklar istatistiksel olarak 6nemlidir
(UT: Uygulama Ana Etkisi, DT: Dénem Ana Etkisi, YT Y1l Ana Etkisi). YT p<0.05=0.065; DT p<0.05=0.080

YT incelendiginde farkli donemlerde yapilan yaprak ve
u¢ alma uygulamalar1 sonucunda 2019 yilinin bir
kilogram tizlime diigen giines goéren yaprak alani, 2018
yilindan daha yiiksek oldugu ve iki farkli 6nem grubu
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olusturdugu belirlenmigtir. DT acgisindan T dénemi
(0.55 m2 kg') birinci 6nem grubunda, I (0.46 m2 kg)
ve B (0.43 m2 kg!) dénemleri ise son énem grubunda
oldugu ortaya ¢ikmigtir. Arastirma bulgular1 Korkutal
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ve ark. (2018), farkl yaprak alma uygulamalarinin bir
kilogram tziime diisen glines géren yaprak alanim
etkilemedigi bulgusu ile benzerlik i¢indedir.

SONUC ve ONERILER

Bu calismada; Michele Palieri tizim ¢esidinde, farkl
Yaprak Alma ve Ug Alma uygulamalari yapilmistir.
Vejetasyon periyodu boyunca Tane Tutumu, Iri Koruk

ve Ben Disme doénemlerinde bu uygulamalar
gerceklestirilerek; yaprak alani {zerine etkileri
incelenmistir.

Yapilan yaprak alma ve u¢ alma uygulamalarinin
yaprak ozelliklerine etkileri istatistiki olarak 6nemli
bulunmamistir. Ancak YA uygulamasi; ortalama ana
yaprak alani, koltuk yaprak alani, dogrudan gilines
goren yaprak alanmi ve bir kilogram lzime diisen
dogrudan glines goéren yaprak alami kriterlerini
artirma yoninde etkide bulunmustur. Ote yandan
YA+UA uygulamasi; omca basina ana yaprak alani,
omca bagina koltuk yaprak alani, omca bagina toplam
yaprak alani ve verim kriterlerini diger uygulamalara
kiyasla yukseltmigtir.

Uygulama donemlerinin yaprak 6zelliklerine etkileri
acisindan Iri Koruk dénemi; ortalama ana yaprak
alani, omca bagina ana yaprak alani ve omca basina
toplam yaprak alanini en c¢ok artiran dénem olarak
belirlenmigtir. Tane Tutumu doéneminde yapilan
uygulamalar ise; ortalama ana yaprak alanmi ve bir
kilogram tiziime diisen dogrudan giines goren yaprak
alani kriterlerini etkilemistir.

Verim acgisindan uygulamalarin ve uygulama
donemlerinin etkisi olmadig1 belirlenmigtir. Ancak
yillar arasinda o6nemli fark gorilmis, bunun da
hastalik ve yillik yagis miktar: ile iligkili oldugu
distintlmugtir.

Sonug olarak; Tekirdag ilinde, yiiksek kollu T terbiye
sekli verilmis olan Michele Palieri iiziim cesidinde Iri
Koruk déneminde YA ve YA+UA uygulamalarinin
yaprak 6zelliklerini iyilestirdigi sonucuna ulagilmigtir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

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

catismasi olmadigini beyan ederler.
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OZET Tarla Bitkileri

Bu calisma, farkli ekim zamaninin seker misir1 (Zea mays saccharata

sturd) cesitlerinde tane verimi ve kalite 6zelliklerine etkisini belirlemek Aragtirma Makalesi
amaciyla, 2010-2012 yillar1 arasinda Diyarbakir’da yurutilmustir.

Denemeler tesadif bloklarinda bolunmius parseller deneme desenine Makale Tarihgesi

gore 3 tekerriirli olarak kurulmustur. Denemelerde, ana parselleri ekim Gelig Tarithi  :28.12.2021

zamani, alt parselleri ise ¢esitler olusturmustur. Calisma 8 farkh ekim Kabul Tarihi : 14.08.2022
zamani (1 Nisan, 15 Nisan,1 Mayis, 15 Mayis, 1 Haziran, 15 Haziran, 1
Temmuz, 15 Temmuz) ve 5 seker misir1 ¢esidi (Merit, Jiibile, Lumina,
Vega ve Sakarya Kompozit) kullamlarak yirttalmiistir. Uc yillik

sonuclara gore en yiiksek taze tane verimi (963.9kg da'!) Vega cesidinin

Anahtar Kelimeler
Seker misir
Ekim zamani

15 Nisan ve 1 Mayis ekimlerinden elde edilmistir. Suda ¢6ziinir kuru Cesit
madde yoninden degerlendirildiginde Vega ¢esidinin seker orani yliksek, Tane verimi
Sakarya Kompozit ¢esidinin ise diisiik oldugu belirlenmistir. Tuketici Kalite

talepleri bakimindan énemli bir parametre olan *b(sarilik) degerinin en
yuksek oldugu cesit Lumina'dir. Diyarbakir kogullarinda taze tane
uretimi ve bazi kalite kriterleri dikkate alindiginda seker misira
yetigtiriciligi icin en uygun ekim zamanin 15 Nisan-01 Mayis en uygun
¢esidin ise Vega ¢esidi oldugu belirlenmigtir.

The Effect of Sowing Times on Some Yield and Quality Characteristics of Sweet Corn (Zea Mays
Sacchararata Sturt.) Varieties

ABSTRACT Field Crops

This study was carried out to determine the effect of different sowing

times on grain yield and quality characteristics of sweet corn (Zea mays Research Article
saccharata sturt) cultivars in Diyarbakir between the years of 2010-2012. : :

The experiement laid out in a randomized complete block design of split- Artlc.le History -

plot restriction with three replications. The planting dates, (April 1- April Received ) 28.12.2021
15 — May 1- May 15- June 1- June 15 - July 1-July 15) were designed in Accepted - 14.08.2022
the main plots and sweet corn cultivars (Merit, Jiibile, Lumina, Vega and Keywords

Sakarya Composite) were included in subplots.According to the three
year results, the highest fresh grain yield (963.9kg da-1) was obtained
from April 15 and May 1 sowing of Vega variety. When evaluated in terms

Sweet Corn
Sowing time

i . Variet
of water-soluble dry matter, it was determined that the sugar content of Grain ?iel d
Vega variety is high, while the Sakarya Composite variety is low. The Quality

variety with the highest *b (yellowness) value, which is an important
parameter in terms of consumer demands, is Lumina. Considering the
fresh grain production and some quality criteria in Diyarbakir conditions,
it was determined that the most suitable planting time for sugar corn
cultivation was April 15 May 01, and the most suitable variety was Vega
variety

Ataf Sekli: Kiling,S., Atakul,S., Kahraman, S., Aktas,H., Erdemci, I., & Giil, 1.(2023) Ekim Zamanlarinin Seker Misir
(Zea Mays Sacchararata Sturt.) Cesitlerinde Bazi Verim ve Kalite Ozelliklerine Etkisi. KSU Tarim ve Doga
Derg 26 (2), 282-292. https://doi.org/10.18016/ksutarimdoga.vi. 1049530

To Cite : Kiling,S., Atakul,S., Kahraman, S., Aktas,H., Erdemci, I., & Giil, I 2023). The Effect of Sowing Times on

Some Yield and Quality Characteristics of Sweet Corn (Zea Mays Sacchararata Sturt.) Varieties. KSU J. Agric

Nat 26(2), 282-292. https://doi.org/10.18016/ksutarimdoga.vi.1049530
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GIRIS

Onemli C4 bitkilerinden olan misir genis adaptasyon
ozelligi sayesinde farkli cografyalarda genis oOl¢ude
ekilen en ¢ok ekilen bitkilerden birisidir. At disi, cin,
kavuzlu, mumlu, sert, seker ve unlu misir olmak tizere
toplam 7 grupta incelenen misir gruplar1 arasinda en
yaygin yetistiriciligi yapilanlar1 sert ve at disi masir
gruplaridir. Bunlar1 seker misir ve cin misir takip
etmektedir. Misir, diinyada piring ve bugdaydan sonra
en o6nemli tahil tGruntdiar. Turkiye’de en yuksek
uretim miktarina sahip olan tahillarin baginda bugday
ve misir gelmektedir. ABD, Cin ve Brezilya misir
iretimi konusunda bagta gelen iilkelerdendir. Fransa,
Macaristan, Tayland ve ABD tath msir bazh
triinlerin baslica ihracatcilaridir. Japonya, Ingiltere,
Almanya, Bel¢ika, Cin, Rusya Federasyonu ve Ispanya
gibi iilkeler ise 6nde gelen ithalatcilardir (Mehta ve
ark., 2017). Tath misir talebi, 6zellikle kentlesme,
artan tuketim ve organize gida isleme endiistrilerinin
varlig1 nedeniyle son birkag yilda muazzam bir sekilde
artis gostermistir (Lertrat & Pulam, 2007).

Diger misir turlerine bitki gelismesi ve kogan yapisi
bakimindan benzerlik gésteren seker misir siit olum
doneminde endosperminde yiiksek oranda seker
bulundurmaktadir. Misir gruplari icerisinde en iri
embriyo seker misirda bulundugu i¢in yag ve protein
oran1 yuksektir. Hasad: siit olum zamaninda yapilan
seker misirin besin degeri oldukc¢a yuksek olup
(Oktem&Oktem., 2006; Kiling ve ark., 2021), 6nemli
oranda lif, mineral ve vitamin icermektedir (Khanduri
ve ark., 2011; Metha ve ark., 2017).

Tatli misir, endospermde gekerlerin nisastaya
dontisimini engelleyen genlerin varligi dolayisiyla
yiiksek seker (Okumura ve ark., 2014) ve diisiik
nisasta icerigi (Souza ve ark., 2013) ile karakterizedir.

Seker oranimi etkiledigi belirtilen iki gen su ve sh2
olarak adlandirilmaktadir. Genellikle sit olum
dénemindeki su tipi cesitlerin suda ¢6zinen kuru
madde (SCKM) icerikleri 11-12 °Brix civarmdadir
(Beckingham, 2007). Siit olum déneminden sonra su
tipi misirlarda seker hizla fitoglikojen ve nisastaya
donustigl icin bu ¢esitlerin yerini seker daha yluksek
seker oranina sahip se ve sh2 tipi cesitler almistir
(Kleinhenz, 2001). Se ve sh2 tipi seker misirlar: su tipi
seker misirlarina gore % 25-50 ile % 50-100 oraninda
fazla seker icermektedir (Orzolek ve ark., 2000) Se ve
sh2 tipli masirlarda siit olum déneminde yapilan
hasattan sonra seker nigsastaya daha yavas
doniismektedir (Kleinhenz, 2001). Sh2 tiplerinin
tanelerinin yapisi kiigiik ve burusuktur. Turkiye'de su
genine sahip Jubilee, Merit gibi cesitler ile populasyon
ya da kompozit cesitler yetistirilmektedir (Cesurer &
Ulger, 1997; Sencar ve ark.,1999; Oktem & Oktem,
2006). Seker iceriginin tahmininde suda ¢éziiniir kuru
madde miktarinin refraktometre ile kolay 6lgtilebildigi
icin bu yéntem kullanilmistir (Esiyok ve ark., 2004).
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Seker misirimin pazarlanmasinda tiketici tercihleri
onemli bir faktordir. Seker misirda tanenin seker
icerigi ve rengi gibi kalite 6zellikleri 6nemlidir. Seker
misir1  tiiketicilerinin tanenin rengine ve seker
miktarina o6nem verdikleri, genellikle sar1 renkli
cesitleri tercih ettikleri belirtilmektedir(Lerner &
Dana, 2007).

Seker misirda cesit ve ekim zamam ile ilgili bir¢ok
arastirma yapilmistir. Bu arastirmalarda seker
misirinin verim parametrelerinin cesitlere (Alan ve
ark., 2011; Atakul, 2011) ve ekim zamanina (Waligora,
1997; Esiyok & Bozokalfa, 2005; Idikut ve ark., 2005;
Kara, 2011; Kula & Karadogan, 2017) gore degistigi
belirtilmistir.

Ekim zamanm misir yetistiriciligi acisindan buylik
6nem arz etmektedir. Ilkbaharda erken ekim
déneminde soguk stresi ve déllenme déneminin yiksek
sicakliklara denk gelmesi ekim zamanim etkileyen
onemli faktorlerdir. Ureticilere yapilacak tavsiyelerde
iklimsel kogullarin 6nemi vurgulanmalidir.

Seker misir Uretimini arttirmak i¢cin bolgelere uygun
yiksek verimli ¢esitlerin adaptasyon kabiliyetleri ve
ekim zamanlarinin belirlenmesi 6nem arz etmektedir.

Bu nedenle boélge kogullarina uygun ekim
zamanlarinin ve c¢esitlerin belirlenmesi, cesitlerin
farkli ekim zamanlarinda ekilerek verim ve kalite
performanslarinin ~ kiyaslanmasi  seker  misir
tiretimininde verimliligin arttirilmasi i¢in bliytiik 6nem
arz etmektedir.

Bu calisma Diyarbakir kosullarina en uygun seker
misir ekim zamanim tespit etmek, kalite ve tane
verimi yonu ile tretici ve tiiketici isteklerine cevap
veren ¢esitleri belirlemek amaciyla yuriatilmustir.

MATERYAL ve METOD

Arastirma, GAP Uluslararas1 Tarimsal Arastirma ve
Egitim Merkezine ait deneme arazisinde 2010-2012
yillar1 arasinda yturatilmustir.

Aragtirmanmin  yurutildigi  GAP  Uluslararasi
Tarimsal Arastirma ve Egitim Merkezi Mudurluga
deneme arazisi diiz ve dize yakin egimde olup, organik
madde orami duguktir. Denemenin yurutiuldigi
alandan alinan toprak oérneklerinin bazi fiziksel ve
kimyasal analizleri GAP Uluslararas1 Tarimsal
Arastirma ve Egitim Merkezi Toprak Analizi
Laboratuvarinda yapilmis ve sonuglari Cizelge 1'de
verilmigtir.

Denemenin yiritildigi Diyarbakir ilinde yazlari
sicak ve kurak kiglari1 ise nispeten soguk ve yagish
gecmektedir. Son yillarda genel olarak Tirkiye'de
gorildigi gibi bolgemizde de yagislarda diizensizlik
yasanmaktadir. Denemenin yuritaldigi 2010-2012
yillarina ait bazi iklim verileri Cizelge 2’de verilmistir.
Cizelge 2 incelendiginde Temmuz ve Agustos
aylarinda sicaklik degerlerinin yiiksek, nisbi nemin
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disik oldugu ve Nisan ayindaki gece ile giindiiz gorilmektedir.
arasindaki sicaklik farkinin da ylksek oldugu
Cizelgel.Aragtirma Alan1 Topraklarinin Baz Fiziksel ve Kimyasal Ozellikleri
Table 1.Some physical and chemical properties of the research area soils
Derinlik Biinye Ph Kire¢ (Lime) | Toplam Tuz | Sinifi Yararlh Yararh Organik
Depth(cm) | Capacity (CaCO03)(%) | Total Salt®) | Class | Useful Useful Madde
P20s(kg/da) | K2O(kg/da) | Organic
Matter(%)
0-20 Killi-tinh | 7.6 9.5 0.092 Tuzsuz | 1.43 124.17 0.78

Cizelge 2. Denemenin Yirutildugi Diyarbakir Ilinin 2010-2011-2012 Misir Yetistirme Sezonuna Ait ve Uzun
Yillara Iliskin Onemli Meteorolojik Parametreler
Table 2. Monthly climate data during the growth period of sweet corn in 2010-2011-2012 and long years in

Diyarbakir
Meteorolojik Yillar Nisan Mayis Haziran Temmuz Agustos Eylul Ekim
Parametreler Years April May June July August September October
Meteorologial
Parameters
Ortalam(aolviinimum 2010 6.4 11.8 16.7 22.7 22.3 17.7 3.9
Stcaklik(*C) 2011 8.1 15.1 15.9 22.1 21.8 16.8 7.1
Average Minimum
Temperature 2012 7.1 11.7 17.9 22.7 21.9 16.9 12.2
U.Yillar 7.1 11.3 16.4 21.6 20.9 15.9 9.8
ﬁrtl?l?ma 2010 22.0 28.1 35.8 40.3 40.3 35.5 27.1
aKsimum
Sicaklik( °C) 2011 18.4 24.5 33.5 39.5 38.5 32.9 31.0
Average Maximum 2012 22.6 27.1 35.7 38.6 38.6 34.4 24.0
Temperature
U.Yillar 20.2 26.5 33.7 38.4 38.1 33.2 25.2
Ayhik Ortalama 2010 22.4 31.6 11.2 0.0 0.0 0.4 62.4
Eéw]]l ) 2011 209.0 80.1 13.6 0.6 0.0 9.2 63.0
onthly verage
Rainfall 2012 26.2 41.0 7.0 1.6 0.0 1.8 11.8
U.Yillar 68.7 41.3 7.9 0.5 0.4 4.1 34.7
Ortal(?;la Nispi 2010 60.4 49.3 29.1 19.6 175 27.4 56.0
Nem(% . 2011 75.7 67.6 38.0 22.5 21.7 30.2 41.6
Average  Relative
Humidity 2012 585 58.0 27.8 20.2 20.8 23.1 55.2
U.Yillar 63.0 56.0 31.0 27.0 28.0 32.0 48.0

Kaynaklar: Diyarbakir meteoroloji miidurligu https://www.mgm.gov.tr

Arastirmada materyal olarak Jubilee, Sakarya
Kompozit, Vega, Merit, Lumina misir cesitleri
kullanilmis olup 8 farkh ekim tarihi (01 Nisan, 15
Nisan, 01 Mayis, 15 Mayis, 01 Haziran, 15 Haziran, 01
Temmuz ve 15 Temmuz) uygulanmisgtir.

Tesaduf bloklarinda bélinmius parseller deneme
desenine gore kurulan deneme 3 tekrarlamali olarak
diizenlenmistir. Ana faktor olarak ekim zamanlari, alt
faktor olarak ise gesitler ele alinmigtir. Denemede, sira
arasi 70 cm, sira tizeri 20 cm, parsel alaniise 5 m x 2.8
m =14 m? olacak sekilde 4 sira olarak kurulmustur.

Giibre olarak dekara toplam 30 kg saf azot (N) ve 10
kg saf fosfor (P205) uygulanmistir. Ekim 6ncesi 10 kg
dal N ve 10 kg da’! P20s kompoze giibre formunda (20-
20-0) uygulanmistir. Geriye kalan N ise amonyum
nitrat formunda bogaz doldurma ile uygulanmigtir.
Ortadaki iki sira siit olum déneminde hasat edilmistir.
Hasat zaman1 "bagparmak tirnagi testi" yontemi
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kullanilarak saptanmistir (Cetinkol, 1989).
Aragtirmada;

Taze tane verimi (kg da'l), Tiim parsellerden hasat
edilen taze kocanlar tanelinmis, elde edilen triun
tartilarak veriler hektar cinsinden hesaplanmisgtir.

Taze Kocanda tane sayist (adet kocan'), Her
parselden hasat edilen bitkilerden tesadifi olarak
secilen 10 koganda, her kocanda 4 siradaki tane sayisi
sayillarak ortalamalari alinip kogan sira sayisi ile
carpilarak bulunmustur

Taze kocanda tane agirhg (g kocan'), Her parselde
tesadufl olarak alinan 10 kocanda taneler somekten
aywrilarak tartilmis, ortalamasi alinarak
hesaplanmigtir.

Suda ¢oéziinen kuru madde miktari(SCKM) (°Brix),
Taze koganlardan alinan tanelerin suyu tilbent
yardimiyla elle sikilmig ve buradan alinan 15 ml 6rnek
santrifiijde 10.000 devirde 20 dk tutularak elde edilen
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berrak stizuntude, el refraktometre tizerine akitilarak
toplam seker tahmininin ifadesi olan °Brix(suda
¢6ziinen kuru madde miktar1 degeri) cinsinden
olgtilerek belirlenmistir (Esiyok ve ark., 2004).

Renk tayini (L,a*,b*) : Misir koganlarinin parlaklik ve
renk degerleri (L, a*, b*) Minolta spektrofotometre
(model: CM-3220d, minolda ) aleti kullamlarak
Olculmiustir. L degeri parlaklik, a* degeri sarilik ve b*
degeri ise kirmizi rengini ifade eder.

Aragtirmada incelenen o6zellikler Tarim ve Orman

Bakanligi, Tarimsal Degerleri Ol¢gme Denemeleri
Teknik Talimati (Anonim, 2009) ve CIMMYT-IBPGR
(Anonim, 1991) dikkate alinarak yapilmistir.

Calismada veriler bilgisayarda JMP 5.1 istatistik
paket programi kullanilarak degerlendirilmigtir. Elde
edilen veriler yillar birlestirilerek varyans analizi
(ANOVA)'ne tabi tutulmus, ekim zamanlar ile cesit
ortalamalar1 arasindaki farklar LSD testi ile
belirlenmisgtir.

BULGULAR ve TARTISMA
Taze Tane Verimi (kg da1)

Dekara taze tane verimi bakimindan ¢ yillik
birlestirilmis ortalamalarin varyans analizinde ekim
zamani, ¢esit ve ekim zamani * gesit interaksiyonu
0.01 diizeyinde 6nemli bulunmustur (Cizelge 3).

Cizelge 3. Taze tane verimi ortalama degerleri ve Lsd testine gore olugan gruplar
Table 3. Average values of fresh grain yield and groups formed according to Lsd test

Ekim Zamanlar1
Sowing Time

Cesitler (Varieties)

Sakarya

Kompozit Ortalama
Vega Sakarya Average
Vega Compozit

Merit Lumina Jubilee

Merit Lumina Jubilee
01 Nisan 654.9+57.71f1 645.2+38.10 f+j 718.9+£59.48 e-g
15 Nisan 864.1+£70.49 ¢ 894.7+62.13 ab  896.7+67.53 ab
01 Mayis 597.9+35.26h-k  643.3+58.51f") 769.1+£50.22 c-e
15 Mayis 606.1£67.67h-k  479.0£74.331'n 491.3£78.38 Im
01 Haziran 377.3£55.54no  327.7+59.28 o 390.6+63.30m-0
15 Haziran 619.2+77.32 g-k  543.0+89.80j-1 551.5+64.59 1-1

545.5+117.72 j-1
601.3+141.2h-k

01 Temmuz
15 Temmuz

544.5+79.54 j-1
690.3+98.26 e-h

665.3+70.03 e-h
833.6+£142.2 b-d

671.2421.36 b-d
857.3+30.15 a
715.6+30.81 b
535.2+31.31 e
415.2427.81 f
564.3+32.96 de
578.0+40.59 c-e
678.6+£56.31 bc

680.0+£35.07 e-h
667.0£55.90 e-h
624.8+48.57 f-k
476.7£50.77 1-n
3568.9£26.01 o
487.5+45.61 1'n
477.4+75.46 1'n
528.1464.21 kl

656.8+505.8 f1
963.9+465.4 a
942.7+79.67 a
623.1+80.38gk
621.6+538.1 g'k
620.6+89.27 g-k
657.1+106.07f1
739.8+161.9d-f

Ortalama 619.3+27.76 ¢ 584.9+34.26 ¢ 664.6+£32.79 b 728.2+34.35 a 537.5+21.45d
V. K (%) 0.71

Ekim Z. Lsd 111.7%*

Cesit Lsd 49.2%*

E.Z>* C. Lsd 106.1%*

**(.01 seviyesinde;* 0.05 seviyesinde 6nemlidir

Cizelge 3 incelendiginde ekim zamanlarina ait
ortalama degerlerin 415.2 kg da! (1 Haziran) ile 857.3
kg da! (15 Nisan) arasinda; cesitlere ait ortalama
degerlerin 537.5 kg da! (Sakarya Kompozit.) ile 728.2
kg da! (Vega) arasinda degisim gosterdigi
gorilmektedir. Ekim zamani * ¢esit interaksiyonlarina
ait ortalama degerler 327.7 kg da! (1 Haziran *
Lumina ) ile 963.9 kg da! (15 Nisan * Vega) arasinda
degisim gostermigtir.

15 Nisan ekim zamani taze tane verimi bakimindan en
yiksek gurubu olustururken, 1 Haziran ekimi en
diisik grubu olusturmustur. Vega ¢esidi en yiiksek
Sakarya Kompozit ¢esidi ise en dusiik gurupta yer
almigtir. Taze tane verimi yoninden cesit x ekim
zamani interaksiyonunun énemli oldugu belirlenmis,
Vega * 15 Nisan ve Vega * 1 Mayis interaksiyonu en
yiksek gurubu olustururken, Lumina * 1 Haziran ile
Sakarya Kompozit * 1 Haziran interaksiyonu en
diisiik gurubu olusturmustur. Cesit x ekim zamamn
interaksiyonun o6nemli olmasi1 cesitlerin taze tane
veriminin ekim  zamanlarina dayali  olarak
degisebilecegini gostermektedir.
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Taze tane veriminde zamanlar ve cesitler arasinda
farkliliklarin oldugu tespit edilmistir. Verimler
tzerinde sicaklik artiglarn ve atmosferik nem
dugtkluginden kaynakli ¢evresel iklim kosullarinin
etkisinin oldugu diistintilmektedir.

Bu aragtirma bulgulari; seker misir yetistiriciligi i¢in
en uygun ekim zamaninin Nisan ayimnin ortalarindan
Mayis ayinin ilk hafta sonuna kadar oldugunu bildiren
Sar1 ve ark. (1997), Jordanov (2008), Khan ve ark.
(2011), Tezel ve ark. (2021)nin calismalariyla
desteklenmektedir.

Taze Kocanda Tane Agirlig1 (g kogan™)

Kocanda tane agirhgn bakimindan ¢ yillik
birlestirilmis ortalamalarin varyans analizinde ekim
zamani, gesit ve ekim zamani x gesit interaksiyonu
0.01 diizeyinde 6nemli farkliliklar
bulunmustur(Cizelge 4).

Cizelge 4 incelendiginde ekim zamanlarinin ortalama
degerlerinin 100.4 g kocan' (1 Haziran) ile 163.5 g
kocan! (15 Nisan) arasinda; cesitlere ait ortalama
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degerlerin 118.3 g kocan'! (Sakarya Kompozit) ile 145.7
g kocan! (Vega) arasinda degisim gosterdigi
gorilmektedir. Ekim zamani * gesit interaksiyonlarina

ait ortalama degerler 90.24 g kocan! (1 Haziran *
Jiibilee) ile 176.6 g kogan'! (15 Nisan * Vega) arasinda
degigim goéstermigtir.

Cizelge 4.Kocanda tane agirlig1 ortalama degerleri ve Lsd testine gore olusan gruplar
Table 4. Average values of grain weight per ear and groups formed according to Lsd test

Ekim Zamanlar1

Sowing Time Cesitler (Varieties)

Sakarya
Kompozit Ortalama
Merit Lumina Jubilee Vega Sakarya Average
Merit Lumina Jubilee Vega Compozit
01 Nisan 118.7+9.31 j-n 112.546.58 m-o  121.4+10.881n 127.3+8.83g-m 113.9+6.451-0 118.8 £3.74 ¢
15 Nisan 166.9+4.30 ab 174.0+£11.06 a 164.4+5.38 a-c 176.6+2.56 a 135.8+5.99 e11 163.5£3.54 a
01 May1s 146.8+4.17 d-f 129.0£11.02 g-1  146.2+5.02 ef 162.6+6.08 a-d 130.2+3.16 g-k 142.9+£3.34 b
15 Mayis 136.7+7.92 e1 100.2+8.84 0-q 112.8+12.85m-0 141.5+7.26 e-g 107.7£7.23 np  119.8+4.58 ¢
01 Haziran 98.13+12.71 0-q 91.22+17.44pq  90.24+13.01 g 130.0+7.35g°k 92.71+4.18 pq 100.4 £5.58 d
15 Haziran 131.4+£11.92 'k 139.2+11.67 e-g 119.6+8.26 j-n 137.3+11.26 e-h  116.3+£7.61 k-n 128.8 £4.63 bc

01 Temmuz
15 Temmuz

122.0+£10.11h-n
137.449.23 e-h

121.4+18.051n
133.4420.79 £

140.1+£12.05 e-g
151.5+11.43 b-e

150.6+16.06 c-e
139.8420.73 e-g

118.5+8.20 jn
131.7+11.37 £k

130.5 £6.10 be
138.8 +6.71b

Ortalama 132.2+3.84 b 125.145.54 ¢ 130.8+4.36 bc 145.7+4.30 a 118.3+2.88 d
V. K (%) 12.93

Ekim Z. Lsd  14.11**

Cesit Lsd 5.70%*

EZX C.Lsd 15,79%*

*%0.01 seviyesinde;* 0.05 seviyesinde 6nemlidir

Kocanda tane agirligi bakimindan 15 Nisan ekim
zamani en yuksek gurubu olugstururken, 1 Haziran
ekimi en dusiik grubu olusturmustur. Vega cesidi en
yiksek gurubu olustururken Sakarya Kompozit ¢cesidi
en disuk gurubu olusturmustur. Vega * 15 Nisan ve
Lumina * 15 Nisan interaksiyonu ko¢canda tane agirligi
bakimindan en yiiksek gurubu olustururken, Jubilee *
1 Haziran interaksiyonu en dusik gurubu
olusturmustur.

Bu arastirma bulgulari; kocanda tane agirliginin 89-
167 g araliginda oldugunu en yiiksek degerin Merit
cesidinden elde edildigini gostermistir. Atakul (2011),
Eser ve Soylu (2020) tane agirhig1 degeri 234.3-192.6 g
araliginda oldugunu, Agackesen ve Oktem (2020)
Merit ¢esidinin farkli zamanlarda hasat edilmesi taze
dane agirlig1 tizerine etkisinin istatistiksel olarak
onemli oldugunu, Cesurer (1995) en yiiksek koganda
tane agirhginin Merit ¢esidinden elde edildigini
bildiren g¢alismalar1 ile farklilhik gostermistir. Farkh
sonuglarin ¢esit farklihigi, farkli gevre sartlar1 ve
sicaklik degisimlerinden kaynaklandigi
dustinilmektedir.

Taze Kocanda Tane Sayis1 (adet kogan')

Kocanda tane sayis1 bakimindan t¢ yillik birlegtirilmisg
ortalamalarin varyans analizinde ekim zamani, gesit
ve ekim zamani * ¢esit interaksiyonu 0.01 diizeyinde
6nemli bulunmustur.

Cizelge 5 incelendiginde ekim zamanlar1 ortalama
degerlerinin 359.8 adet kocan! (1 Haziran) ve 607.3
adet kocan! (15 Nisan) arasinda; cesitlerin ortalama
degerlerinin 418.0 adet kogan'! (Sakarya Kompozit) ve
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543.9 adet kocan! (Vega) arasinda degisim gosterdigi
gorilmektedir. Ekim zamamn * gesit interaksiyonlara
ait ortalama degerler 333,7 adet kocan! (1 Haziran *
Sakarya Kompozit) ile 685.6 adet kocan® (15 Nisan *
Lumina) arasinda degisim gostermistir.

Kocanda tane sayis1 bakimindan 15 Nisan ekim
zamanl en yuksek gurubu olustururken, 1 Haziran
ekimi en dugiik grubu olugturmustur. Vega ile Lumina
cesitleri kocanda tane sayisi degeri bakimindan en
yiksek gurupta yer alirken Sakarya Kompozit ¢esidi
en dusik gurupta yer almistir. Lumina * 15 Nisan
interaksiyonu en yliksek gurubu olustururken
Sakarya Kompozit * 1 Haziran, Jubilee * 1 Haziran
interaksiyonu en disik gurubu olusturmustur.

Ozellikle Haziran ayinda yapilan ekimlerin
ciceklenme doneminde yiiksek sicakliklara denk
geldigi, tane sayisinda onemli derecede diistslere
neden oldugu gorilmektedir.

Bu arastirma bulgular:;; Anil ve Sezer (2003), Fujino
(1980) kocanlarda tane sayisi yéniinden farklhilik
oldugunu, Kara (2011) ekim zamanlarinin tane sayisi
izerinde etkisi oldugunu, Alan ve ark. (2011) ekim
zamanlarimin seker misirda koganda tane sayisini
onemli seviyede etkiledigini, Akgiin ve ark. (2017)
ekimlerin erken ya da Haziran ayinda yapilmasi
durumunda sicaklik faktérinin kog¢andaki tane
sayisinin azalmasinda etkili olabilecegini belirtikleri
¢alismalariyla benzerlik géstermistir.

Suda Co6ziinen Kuru Madde Miktar: (SCKM)

SCKM  bakimindan i¢  yillik
ortalamalarin varyans analizinde,

birlegtirilmis
cesit, ekim
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zamani*gesit interaksiyonu 0.01 diizeyinde Onemli bulunmustur.
bulunurken, ekim zamani 0.05 diizeyinde 6nemli
Cizelge 5. Koganda tane sayisi ortalama degerleri ve Lsd testine gore olugan gruplar
Table 6. Average values of number of grains per ear and groups formed according to Lsd test.
Cesitler (Varieties)
Ekim Sakarya
Zamanlar Kompozit Ortalama
Sowing Time Merit Lumina Jubilee Vega Sakarya Average
Merit Lumina Jubilee Vega Compozit
01 Nisan 625.3+18.52 be 595.3+24.05 b-e  554.9+12.20 d-h  580.9+29.78 c-f  482.6+24.25j-p 567.8+12.06 b
15 Nisan 619.0+8.78 be 685.6+£29.41 a 605.3+18.34 b-d 635.3+ 10.21ab  491.2+15.06j-0 607.3+12.32 a
01 May1s 560.7+10.00 d-g 563.3+42.70d-g 573.0+15.32c-g 617.3£22.26 bc  442.2+11.350-s 551.3+13.35b
15 May1s 553.6+37.30 d-h  475.2+44.74 k-p 467.5+52.091-q 547.7+28.49e1  414.7+32.02 q-s 491.7+18.74 ¢

01 Haziran 335.5+39.72 t-v
449.2+32.07 nr
433.0+37.65 p-s

480.1+33.07 k-p

334.5+£53.94 uv
548.6+27.92 e1
504.7+63.33h-m
557.0+61.47d-h

15 Haziran
01 Temmuz
15 Temmuz

333.8449.41 v
449.4+26.55 n-r
522.4+33.23 gk
534.0+23.80 f-j

333.7£25.32 v
390.3£25.59 s-u
390.9+£24.77 st
398.8+27.54 rs

359.8+18.74 d
466.0+14.90 c
474.1+£19.83 c
493.3+19.87 ¢

461.4+21.16m-q
492.3+35.42 j-0
519.8+43.87 g-1
496.4+52.97 11

Ortalama 507.0+14.75 b 533.0+£19.37 a 505.0 +£14.17 b 543.9+13.08 a 418.0+£9.94 ¢
V. (%) 11.39

Ekim Z. Lsd  35.25%*

Cesit Lsd 19.30%*

E.Z>* C. Lsd 53.40**

**(0.01 seviyesinde; * 0.05 seviyesinde 6nemlidir

Cizelge 6 incelendiginde ekim zamanlarina ait
ortalama degerlerin 20.33 °Brix (1 Temmuz) ile 23.23
°Brix (15 Mayis, 1 Temmuz) arasinda; cesitlere ait
ortalama degerlerin 16.02 °Brix (Vega) ile 24.58 °Brix
(Sakarya Kompozit) arasinda degisim gosterdigi
gorilmektedir. Ekim zamani x gesit
interaksiyonlarina ait ortalama degerlerin 14.82 °Brix
(15 Temmuz ekimi * Vega) ile 26.42 °Brix (15 Haziran
ekimi * Merit) arasinda degisim gosterdigi
gorilmektedir.

1 Mayis ile 1 Temmuz ekim zamanlar: en yliksek suda
¢bzinen kuru madde miktar: gurubunu olustururken
1 Nisan ekimi en distik grubu olusturmustur. Sakarya
Kompozit, Merit, Jubilee gesitleri suda ¢6ziinen kuru
madde miktarn bakimindan en yiksek grubu
olustururken Vega en dusik grubu olusturmustur.
Merit * 15 Haziran interaksiyonu en yliksek suda
¢bzinen kuru madde miktar1 grubunu olustururken
Vega * 15 Temmuz ile Vega * 1 Mayis interaksiyonu
en dugik grubu olusturmustur.

Seker igerikleri arttirilmigs ve sekerin nisastaya
doniisiim hizi disirilmis ¢ok sayida seker misir
cesidi vardir. El refraktometre ile yapilan °Brix (suda
¢oziinen kuru madde miktar1) 6lgiimii seker miktar:
hakkinda genel bilgi vermektedir. Brix degeri ile seker
orani arasinda ters korelasyon oldugu, Brix degeri
arttik¢a seker oraninin diigtigi bilinmektedir. Tath
misirda danedeki nigasta miktar1 arttikga kuru
maddenin yiikseldigi bildirilmektedir (Flora & Wiley,
1974). Esiyok ve Bozokalfa (2005) suda ¢éziinen kuru
madde miktari iizerine yetistirme déneminin etkisinin
onemli oldugunu, Bozokalfa ve ark. (2004) en yiiksek
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suda ¢ozlinen kuru madde miktari degerinin Merit F1
cesidinden elde edildigini, Atakul (2011) Brix
degerinin %18.6-25.3 araliginda oldugunu, Soare ve
ark. (2019), °Brix degerinde ekim zamani ve cesit
arasinda o6nemli farklilhk oldugunu, ilk ekim
zamaninda %14.3'ten %26.5'e ve ikinci ekim
zamaninda %14.3'ten %28.5'e yikseldigini, Eser ve
Soylu (2020) en yiiksek °Brix (suda coziinen kuru
madde miktar1) degerinin Merit cesidinden en diigiik
degerin ise Vega cesidinden elde edildigini bildiren
¢aligmalar bu aragtirma bulgularin1 desteklemektedir.
Ekim zamanlarinda suda ¢6ziinen kuru madde miktar:
farklilik gostermesi sicaklik faktorine bagh olabilecegi
dustntlmektedir.

Tane Renk Ozellikleri (L, a*,b*)
L( Lightness) Degerleri

L (Lightness) ozelligi bakimindan ¢ yilhk
birlestirilmis ortalamalarin varyans analizinde ekim
zamani 0.05 diizeyinde 6nemli bulunurken, ¢esit, ekim
zamani * ¢esit interaksiyonu 6nemli bulunmamasgtir.

Cizelge 7 incelendiginde ekim zamanlarina ait
ortalama degerlerin 69.69 (15 Nisan ) ile 78.61 (1
Mayis) arasinda degisim gosterdigi goriilmektedir. 1
Mayis ekimi en yiiksek L (Lightness) degerine sahip
gurubu olustururken 15 Nisan ekimi en dusik L
(Lightness) degerine sahip gurubu olusturmustur.

L (Lightness) degeri bakimindan cesitler arasinda
onemli bir fark gorilmemigtir. Rengin parlakhik
degerini belirleyen Lightness degeri tiiketici talebi
yontiinden 6nemli bir kalite kriteridir.
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Cizelge 6. Suda ¢6ziinen kuru madde miktari ortalama degerleri ve Lsd gore olugsan gruplar

Table 6. Average values of water soluble dry matter content and groups formed according to Lsd

Cesitler (Varieties)
Ekim Merit Lumina Jubilee Vega Sakarya Ortalama
Zamanlari Merit Lumina Jubilee Vega Kompozit Average
Sowing Time Sakarya
Compozit

01 Nisan 19.77£1.19 m 20.61+1.06 Im 22.31+0.60 1-1 16.06+0.54 no 22.90+1.32 g-k 20.33+0.55 ¢
15 Nisan 22.93+0.89 g-k 22.08+1.19 ;-1 23.42+1.52 1] 15.80+0.61no 24.53+1.32 b-g 21.75+0.67 b
01 Mayis 24.72+0.94 a-g 21.01+0.87 Im 24.91+1.12 a-f 15.61+0.60 o 21.06+1.22 Im 21.46+0.65 be
15 May1s 25.42+0.65 a-d 23.37+1.16 f 23.58+1.66 e-j 17.4 £0.38 n 26.30+0.48 ab 23.23+0.63 a
01 Haziran 24.79+0.86 a-g 22.50+0.53 h-1 24.06+£1.30 c1 16.35+0.42 no 25.68+0.40 a-c 22.68+0.59 ab
15 Haziran 26.42+0.49 a 21.03+0.85k-m  23.64+1.10 d-j 16.04+0.29 no 24.48+1.20 b-g 22.32+0.66 ab
01 Temmuz 25.68+0.43 a-c 23.24+0.60 f-j 25.32+0.56 a-e 16.04£0.45 no 25.86+0.64 a-c 23.23+0.60 a
15 Temmuz 24.93+0.63 a-f 22.40+0.22 h-1 24.20+£1.19 c-h 14.82+0.39 o 25.82+0.74 a-c 22.43+0.70 ab
Ortalama 24.330.35 a 22.03 +0.34 b 23.93+0.41 a 16.02+0.17 ¢ 24.58 £0.38 a
V.K (%) 8.86
Ekim Z. Lsd 1.18*
Cesit Lsd 0.66**
E.Z>* C.Lsd 1.82%*

**0.01 seviyesinde ; * 0.05 seviyesinde onemlidir

Cizelge 7. L (lightness) degeri ortalama degerleri ve Lsd gore olusan gruplar

Table 7. Average values of L (lightness) and groups formed according to Lsd

Cesitler (Varieties)
Ekim Sakarya
Zamanlari Kompozit Ortalama
Sowing Time Merit Lumina Jubilee Vega Sakarya Average
Merit Lumina Jubilee Vega Compozit

01 Nisan 69.82+3.57 72.02+1.07 74.04+0.69 73.33+£0.75 73.39+£1.80 72.52+ 0.85b
15 Nisan 71.28+1.82 69.76+2.43 70.25+1.55 70.96+1.62 66.23+3.05 69.69 £0.97d
01 Mayis 78.59+3.49 79.32+2.60 77.63+3.12 77.78+2.44 79.72+2.26 78.61 £1.20a
15 Mayis 68.21+2.30 70.83+3.06 71.55+1.84 73.18+1.43 69.76+1.31 70.70 £1.00cd
01 Haziran 72.32+1.25 73.09+£1.07 72.69+1.66 72.15+0.70 67.73+1.82 71.59+0.65 bc
15 Haziran 71.80+1.26 73.09+1.09 73.29+0.88 72.94+1.10 72.52+0.89 72.72+0.46 b
01 Temmuz 74.02+1.02 75.35+0.96 72.78+0.50 72.15+1.06 71.71+1.10 73.20+0.45 b
15 Temmuz 72.18+1.39 70.49+1.71 71.86+1.32 72.33+1.16 72.34+0.87 71.844+0.57bc
Ortalama 72.28+0.85 73.00+0.73 73.01+0.60 73.10+0.52 71.68+0.75
V. K (%) 6.03
Ekim Z. Lsd  1.70*
Cesit Lsd 0D
EZx C.Lsd 0D

**(0.01 seviyesinde; * 0.05 seviyesinde 6nemlidir

Bu arastirma bulgular;; Yetistirme dénemleri ve a* Ozelligi

cesitler arasinda etkilesimin olmadigimi bildiren
Tuncay ve ark.( 2005), L (Lightness) degeri
bakimindan gesit ve gesit x ekim zamamn etkilesiminin
onemli olmadigini, ekim zamanlar: arasinda 6nemli
farkliligin oldugunu ve 1 Mayis ekiminin en yliksek
degeri gosterdigini belirten Atakul (2011) ile benzerlik
gosterirken Esiyok ve ark. (2004), L degerinin cesitler
arasindaki 6nemli farkliligin oldugunu, Kigclkyagc
(2010) cesitlere ait L degerlerinin 66.47 ile 77.19
arasinda degistigini ve L degerleri bakimindan gesitler
arasindaki farkin 0.01 diizeyinde énemli bulundugunu
bildirdikleri ¢aligsmalariyla farklilik gostermistir. Bu
farkliligin ¢alismanin yuritildigi boélgede sicaklik
degerlerinin  yiiksek, yagis ve nemin dusik
olmasindan kaynaklandig: diistiniilmektedir.
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a* bakimindan t¢ yillik birlestirilmis ortalamalarin
varyans analizinde ekim zamam bakimindan 0.01
diizeyinde 6nemli, ekim zamani * ¢egit interaksiyonu
0.05 duzeyinde onemli fark bulunurken, cesit
bakimindan 6nemli bir farkhlik bulunmamisgtir.

Cizelge 8 incelendiginde ekim zamanlarina iligkin
ortalama degerlerin 10.27 (1 Mayis) ve 13.79 (1
Haziran) arasinda; ekim zamam X cesit
interaksiyonuna ait ortalama degerlerin 8.36 (1 May1s
* Merit) ile 16.16 (1 Haziran * Vega) arasinda degistigi
gorilmektedir.

1 Haziran ekimleri en yuksek a* degeri gurubunu

olustururken, 1 Mayis ve 15 Temmuz ekimleri en
distk a* degeri gurubunu olusturmustur. 1 Haziran *
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Vega interaksiyonlar1 en yuksek a*degeri gurubunu
olustururken 1 Nisan * Merit, 1 Mayis * Merit ve 15
Temmuz * Merit interaksiyonlar: en dusiik a* degeri
gurubunu olusturmustur.

a* degeri tanelerin kirmizilik 6zelliginin degeri olup,
tiketici talebi yoniinden arzu edilmeyen bir 6zelliktir.
Bu nedenle a* degerinin disiik olmasi istenir.

Elde edilen sonuglar ekim zamanlar: ile ekim zamani
*  ¢esit interaksiyonlarmmin  6nemli  oldugunu
gostermekle beraber 1 Haziran ekiminden ylksek

b* 6zelligi

b* degeri bakimindan ¢ yillik Dbirlestirilmis
ortalamalarin varyans analizinde ekim zamani ve
cesit bakimindan 0.01 dizeyinde oOnemli fark
bulunurken, ekim zamanmi * c¢egit interaksiyonu
bakimindan o6nemli bir farklihk bulunmamigtir.
Cizelge 9 incelendiginde ekim zamanlarina iligkin
ortalama degerlerin 53.97 (1 Haziran) ve 45.44 (1
Mayis) arasinda, cesitlere ait ortalama degerlerin
51.07 (Lumina) ile 46.21 (Merit) arasinda degisim

degerler elde ettigini

belirten

sonuglari ile uyum igerisindedir.

Atakul (2011)un

Cizelge 8. a* degeri ortalama degerleri ve Lsd gore olusan gruplar
Table 8. Average values of a* and groups formed according to Lsd

gosterdigi gortilmektedir.

Cesitler (Varieties)

Ekim Sakarya
Zamanlar1 Kompozit Ortalama
Sowing Time Merit Lumina Jubilee Vega Sakarya Average
Merit Lumina Jubilee Vega Compozit
01 Nisan 8.66+0.73 o 12.22+0.68 d-h 10.57+0.84 1'n 12.52+0.58 d-g 10.63+£0.62 1-n 10.92+ 0.36de
15 Nisan 9.63+1.02 1-0 12.02+0.90 d-1 11.94+0.85 d-1 14.24+0.51 be 12.28+0.81 d-h 12.02+0.42 b
01 Mayis 8.36+0.86 o 11.52+0.71 en1 11.01+0.67 g-1 10.57+0.94 1-n 9.93+0.68 j-o0 10.27+ 0.37e
15 Mayis 9.17+0.75 no 11.44+1.16 f 10.84+0.64h-m 12.83+0.97 c-f 11.73+0.81 e1 11.20+ 0.42cd
01 Haziran 11.55+0.42 ej 13.16+0.95 b-e 13.41+1.03 b-d 16.16+0.68 a 14.69+0.39 ab 13.79+0.38 a
15 Haziran 9.83+0.70 k-0 11.44+0.94 e-k 13.42+1.32 b-d 12.95+0.94 c-f 11.53+0.98 f1 11.83+ 0.47bc
01 Temmuz 9.40+1.18 m-o 11.12+0.77 g-1 10.93+0.77h-m 12.28+0.67 d-h 11.71+£0.78 e11 11.09+0.39d
15 Temmuz  8.41+0.70 o 10.63+0.76 1-n 9.08+1.23 no 11.94+0.62 d-1 11.47 +£1.15f 10.30+ 0.44e
Ortalama 9.37+£0.30 11.74+0.31 11.41+0.36 12.94+0.31 11.75+0.31
V. K.(%) 14.87
Ekim Z. Lsd  0.71%*
Cesit Lsd 0D
EZ>* C.Lsd 1.58*%
** 0.01 seviyesinde; * 0.05 seviyesinde onemlidir
Table 9. Aaverage values of b* and groups formed according to Lsd
Cizelge 9. b*  degeri ortalama degerleri ve Lsd gore olusan gruplar
Cesitler (Varieties)
Ekim Sakarya
Zamanlar: Kompozit Ortalama
Sowing Time  Merit Lumina Jubilee Vega Sakarya Average
Merit Lumina Jubilee Vega Compozit
01 Nisan 45.56+1.89 54.19+1.91 49.30+0.70 51.25+1.71 48.10+1.42 49.67+0.80 b
15 Nisan 46.13+1.61 50.37+1.86 49.20+1.40 50.82+1.13 47.98+2.19 48.89+0.76 b-d
01 May1s 42.68+1.56 49.60+1.23 48.85+1.19 43.26+1.20 42.82+1.80 45.44+0.76 e
15 Mayis 45.44+1.21 49.52+2.15 49.97+0.95 47.99+0.82 46.63+0.43 47.91+0.59 cd
01 Haziran 50.94+2.15 54.67+2.96 54.19+2.69 56.33+£3.01 53.73+1.64 53.97+1.11 a
15 Haziran 45.90+1.48 50.80+1.09 54.13+1.71 50.16+1.21 46.76+1.82 49.55+0.78 be
01 Temmuz 46.45+1.72 50.52+1.34 50.40+1.57 49.44+0.68 50.64+2.13 49.49+0.71 b-d
15 Temmuz 46.59+1.89 48.95+1.75 47.88+2.12 47.62+1.08 48.31+1.71 47.87+0.75 d
Ortalama 46.21+0.63 d 51.07+0.67 a 50.49+0.62 ab 49.60+0.66 b 48.12+0.68 ¢
V. K. (%) 8.4
Ekim Z. Lsd 2.84%*
Cesit Lsd 1.38**
EZ* C.Lsd OD

** (0.01 seviyesinde; * 0.05 seviyesinde énemlidir

1 Haziran ekimleri en yiiksek b* (sarilik) degeri
gurubunu olugstururken 1 Mayis ekimleri en diisik b*
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(sarilik) degeri gurubunu olusturmustur.

Lumina cesidi b* (sarilik) degeri bakimindan en
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yiiksek gurubu olustururken, Merit cesidi b* (sarilik )
bakimindan en disiik gurubu olusturmustur.

Seker misirda b* (sarilik) degeri tiiketici istekleri
yoniunden tercih edilen bir 6zelliktir. Lumina, Jibile,
Vega cesitleri Sakarya Kompozit ve Merit gesitlerine
gore daha sar1 renkte oldugu tespit edilmigtir.

Atakul (2011), b* degeri bakimindan Lumina
cesidinden yiiksek, Merit c¢esidinden ise disiik
degerler elde ettigini belirttigi c¢aligmas1 ile bu
arastirma bulgular1 benzerlik géstermigtir.

SONUC ve ONERILER

Incelenen ozelliklerden; taze tane verimi, koganda
tane sayisi, tane agirlhigi ve suda ¢6ziinen kuru madde
miktar1 bakimindan ekim zamanlari, gesitler ve ekim
zamani * cesit interaksiyonlar1 arasinda o6nemli
farkhilhiklar bulunurken, b* (sarilik) degeri
bakimindan ekim zamanlar1 ve gesitler arasinda; a*
(kirmizilik) degeri bakimindan ekim zamanlar1 ve
ekim zamani * ¢esit interaksiyonlar1 arasinda;
L(parlaklik) degeri bakimindan ise sadece ekim
zamanlar1 arasinda o6nemli derecede farkliliklar
oldugu saptanmigtir.

Misir yetistiriciliginde nispi nem, maksimum ve
minimum  sicaklik ¢ok oOnemlidir. Diyarbakir
kosullarinda Nisan ve Mayis ay1 hari¢ nisbi nem ¢ok
diistik olmasi, Temmuz ve Agustos aylarinda sicaklik
degerlerinin yiiksek olmasi1 verimi 6nemli derecede
etkilemektedir.

Cesitler incelendiginde verim ve kalite yoniinden Vega
¢esidinin Ustin performans gosterdigi belirlenmisgtir.
Diyarbakir kosullarinda taze tane iiretimi amaciyla
yetistirilebilecek en uygun c¢esidin Vega oldugu
belirlenmigtir. Diyarbakir kogullarinda seker maisir
yetistiriciliginde en uygun olan ekim zamaninin 15
Nisan ile 1 Mayis tarihleri arasindaki stire¢ oldugu
belirlenmigtir. Kalite yoniinden 15 Mayis ve 1 Haziran
ekim zamanlarinda daha yiksek degerler elde
edilmigtir. Ekim zamanlari incelendiginde tane verimi
ile kalite arasinda zit iligki oldugu gérulmektedir.

Seker misirda doéllenmenin tane verimi Uzerindeki
etkisi  dikkate alinarak ylksek sicakliklara
dayamklilik gibi konular g6z ontinde
bulundurulmalidir. Islah c¢alismalarinda verim ve
kalite lzerinde yiiksek sicakhigin etkileri dikkate
alinarak ¢aligilmasi gerektigi diigtintilmektedir.
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Aragtirmacilarin Katki Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlari: aralarinda herhangi bir ¢ikar
catismasi bulunmamaktadir.
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ABSTRACT

In this study; the responses of 12 safflower genotypes to anther culture
were determined in MS medium containing increasing doses of BAP (0,
0.5, 1, and 2 mg L'?) and NAA (0, 0.1, and 0.5 mg L'1). Donor plants were
grown under field conditions and the main capitulas were collected in
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early or late uninucleate stage. A pre-treatment was applied to their Received 1 07.03.2022
capitules at +4 °C for 3-4 days. Only cvs. Balci and Linas produced Accepted 124.08.2022
regenerable callus among these genotypes. Although regenerable callus

rate was higher in Balci than Linas, shoot regeneration was achieved only Keywords

in Linas with 0.5 or 1 mg Lt of BAP + 0.1 mg L1 of NAA combinations. Safflower

In total, 8 shoots of Linas were moved to ¥4 MS medium consisting of 0.1 Anther culture

mg L't of NAA, but rooting of them could not be performed. In sum, among BA

the 12 safflower genotypes, cvs. Balci and Linas have higher anther NAA

culture regeneration potential; however, it is necessary to focus on shoot Genotype

development and rooting on these cultivars in further experiments.

Farkli Aspir Genotiplerinin Anter Kiiltiriine Tepkisi

OZET
Bu calismada; 12 aspir genotipinin artan dozlarda BAP (0, 0.5, 1 ve 2 mg

Tarimsal Biyoteknoloji

L1) ve NAA (0, 0.1 ve 0.5 mg L'1) iceren MS ortaminda anter kiiltiiriine Sozsunio slelos
kars1 tepkileri belirlenmigtir. Donér Dbitkiler tarla kosullarinda . .
TS . . Y Makale Tarihgesi
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muamelesi uygulanmigtir. Aspir genotiplerinden sadece Balci ve Linas
cesitleri rejenere olabilir kallus tUretmigtir. Balc1 ¢esidi daha yliksek
oranda kallus olusturmasina ragmen sadece Linas c¢esidinde 0.5 veya 1

Anahtar Kelimeler

mg L1 BAP + 0.1 mg L! NAA kombinasyonlarindan strgiun g e e
- 2. s Y . . Anter kultura

rejenerasyonu gerceklesmigtir. Toplamda Linas c¢esidine ait 8 stirgiin 0.1 BA

mg L' NAA iceren % MS ortamina aktarilmig, ancak koklenme NAA

saglanamamistir. Sonug olarak; 12 aspir genotipi arasinda Balci ve Linas Genotip

¢esitlerinin anter kiltiiri rejenerasyon potansiyelinin daha yiliksek
oldugu belirlenmigtir. Bununla birlikte, bu ¢esitler tizerinde gelecekte

sirgiin gelistirme ve koklendirme c¢alismalarina odaklanilmasi
gerekmektedir.
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INTRODUCTION alternative dietary vegetable oils that can be used for

Safflower (Carthamus tinctorius L.) is used for
different purposes from the stem to the seeds
(Menegaes & Nunes, 2020). The rate of oil in newly
registered safflower cultivars ranges from 35 to 50%
(Rahamatalla et al., 2001) and approximately 90% of
the oil consists of oleic and linoleic acids (Liu et al.,
2016). Because safflower oil contains an average of
70% linoleic acid (omega 6) and is very rich in
tocopherol (Matthaus et al., 2015), it is one of the

cardiovascular health. On the other hand, safflower
cultivars containing of high oleic acid have been
developed in recent years and thus, it has been
contributed to the production of environmentally
friendly biodiesel, just like canola.

It is necessary to develop new varieties that are more
resistant to drought and cold, have high seed and oil
yield, and have high linoleic and oleic acid content in
oil to cultivate safflower in larger areas. Safflower is a
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highly self-pollinated, but low level of cross-pollination
occurs depending on variety, which indicates anther
dehiscence after style elongation, and insect density
(Pandey & Kumari, 2008).

Due to the pollination biology of safflower, very long
periods are needed for pure-line selection after
hybridizations. The application of haploidization
techniques such as anther culture, which enables the
selection of pure lines in a short time provides the
shortening of the breeding period. However, due to
regeneration and rooting problems, there have been
two researches with Indian originated genotypes on
anther culture in safflower so far (Prasad et al., 1990;
Prasad et al., 1991). In these studies, it has been
reported that the haploid regeneration rate varied
according to the genotype, growth conditions of the
donor plant, type of nutrient media, cold pre-treatment
and the combinations of auxin and cytokinin in the
medium.

Optimization of haploid regeneration protocols of
safflower inbred lines that tolerate different stress

conditions is very important for the production of new
safflower cultivar in a short time in the future.
Although this method is a precise, efficient and
innovative method for safflower breeding, but haploid
plant production differs according to genotypes. In this
study, the responses of twelve safflower genotypes,
especially selected for winter hardiness, to anther
culture were investigated.

MATERIALS and METHODS

In this study, a total of 12 safflower genotypes, eight
inbred lines and four commercial cultivars, were used.
The names, flower color and spininess of these
genotypes are indicated in Table 1. Callus and shoot
formation were induced with 6-Benzylaminopurine
[(BAP), (Sigma-Aldrich Product Number: B3408)] and
1-Naphthaleneacetic acid [(NAA), (Sigma-Aldrich
Product Number: N0640) and also NAA was used for
rooting of shoots. Surface sterilization of capitules was
performed with mercuric chloride (PubChem CID:
24085).

Table 1. Flower colors and spininess of safflower genotypes used in anther culture study
Cizelge 1. Anter kiiltiirti ¢alismasinda kullanilan aspir genotiplerinin ¢igek renkleri ve dikenliligi

Numbers Genotype names Flower colors Spininess

1 Balar* Yellow Spiny

2 Dinger* Red Spineless

3 58-11 Orange/ Red Spineless

4 25 Yellow Very few spines
5 37-5(3) Orange Spineless

6 38-4 Red Spineless

7 Linas* Red Spiny

8 55-14 Orange/ Red Spiny

9 Olas* Orange Spiny

10 43-11 Orange/ Red Fewer spines
11 24 Yellow Fewer spines
12 22 Red Densely spines

*Commercial cultivars

The experimental design was performed in completely
randomized plots involving three factors with four
replications. The primary factor was safflower
genotypes, the second factor was BAP (0, 0.5, 1, and 2
mg L'1) doses, and the third factor was NAA (0, 0.1, and
0.5 mg L) doses.

The application of anther culture in safflower
genotypes was performed as described by Prasad et al.
(1991). Immature capitules with white flowers, which
indicates the early uninucleate stage of anther, were
gathered from plants sowed in the field between 8 am
and 9 am. First, the capitules were wrapped in
aluminum foil and kept to cold treatment at +4°C for
3-4 days. Then, capitules with removed bract leaves
were sterilized with 0.1% mercuric chloride (HgCls) for
6 minutes and rinsed 5 times with sterile water.
Following sterilization, flowers were transferred into
sterile water to prevent drying. Anthers separated
from flowers under a stereo microscope were
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transferred to MS media (Murashige & Skoog, 1962)
consisting of varied doses of BAP and NAA.

At least 15 anthers for each hormone combination were
cultured on 60 x 15 mm disposable petri dishes with
full strength MS media consisting of 3% sugar for
callus induction. Cultures were initially kept in the
dark at 25°C with 50-60% humidity for 10 days in
Panasonic Climate Chambers (MLR-352H-PE) and
then continued at the same culture condition with 16/8
day and night illumination. The rates of regenerable
callus formation (RRCF) were determined 3-4 weeks
after the beginning of culture. The calli were
transferred to full strength MS medium involving 2%
sugar in the same hormone combinations for shoot
induction. Shoot formation was observed 3-4 weeks
following the calli were incubated in the shooting
medium. Then, developed shoots were moved to MS
medium consisting of 0.5 mg L1 of kinetin for shoot
elongation during two weeks. Rooting was carried out
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in a half-strength MS medium involving 0.1 mg L of
NAA with 1% sucrose.

The data were analyzed by using the JMP 14 statistical
program. Arcsin Vx transformation was applied to the
% values that did not indicate the normal distribution
and the mean values were compared according to the
LSD and t-tests.

RESULTS and DISCUSSION
Regenerable callus formation

The high rate swelling in anthers of some safflower
inbred lines such as 22, 24, 25, and 43-11 was observed
compared to other genotypes in the first two weeks
after the anther incubation, but compact and green
calli were induced only in cvs. Balci and Linas in the
following two weeks (Figure 1a and Figure 1b). On the
other hand, the calli of cv. Balc1 indicated overgrowth
(Figure 1c), it did not produce shoots as in cv. Linas
(Figure 1d and Figure 1e). The shoots of cv. Linas were
elongated with 0.5 mg L of kinetin, but some of them
had lost their vitality (Figure 1f).

The regenerable calli were induced in only cvs. Balcl
and Linas among 12 safflower genotypes and also cv.
Bala: indicated a higher RRCF than Linas (Table 2).
These findings confirmed Lantos et al. (2022) who
stated in vitro androgenesis is under genetic control in
common crop plants. Prasad et al. (1991) and
Thengane et al. (1994) also reported that anther
response varied depending on safflower and sunflower
genotypes, respectively.

High doses of BAP and NAA adversely affected the rate
of regenerable callus (Table 2). The highest RRCF was
obtained from 0.1 mg L't of NAA + 0.5 mg L'l of BAP in
cv. Balci and 0.5 mg L' of NAA + 1 mg L't of BAP in cv.
Linas (Table 3). All combinations of NAA with 2 mg L
1 of BAP did not produce regenerable callus in cv.
Linas. Prasad et al. (1991) determined that the highest
callus formation rates were obtained from
combinations of 0.5, 1, 2, and 3 mg L of BA and 0.5
mg L1 of NAA in safflower, and the rate of callus
formation was adversely affected by increasing NAA
doses. On the other hand, some genus like
Dendranthema (Khandakar et al., 2014), Helianthus
(Voronova, 2016) and 7agetes (Kumar et al., 2018)
belonging to the Asteraceae family indicated better
responses to anther culture at 2:0.1,2:1and 2: 0.5
mg L1, BAP : NAA), respectively.

Shoot regeneration

Although compact and green callus formation occurred
at high rates in both cultivars, only 1 plant was
obtained from the application of 1 mg L'* of BAP + 0.1
mg L1 of NAA in cv. Linas (Figure 1f). Unlike this
finding, Prasad et al. (1991) obtained the highest shoot
regeneration from anthers of safflower genotypes in a
combination of 2 mg L'! of BAP and 0.5 mg L't of NAA.
This plantlet was rooted with 0.1 mg L1 of NAA
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(Figure 1g), but it died because there was no root
formation for a long time. Rootings initiated to 3-4
weeks after the death of shoot, but it did not turn green
again (Figure 1h).

Table 2. Variance analysis and differences between
mean values regarding the rate of
regenerable callus formation by culturing
anthers of some safflower genotypes at
different BAP and NAA doses. (Mean =+
standard error).

Cizelge 2. Bazi aspir genotiplerinde anterlerin farkl

BAP ve NAA konsantrasyonlarinda kiiltiire

alinmasiyla olusan rejenere olabilir kallus

oranina ait varyans analizi ve ortalama

degerler arasindaki farklar. (Ortalama +

standart hata).

Ratios of shoot-formingcallus (%)

Factors

Safflower genotypes

Bala 3.7+0.92
Linas 1.940.8b
BAP doses (mg L)

0 0.0+0.0¢
0.5 4.8+1.62
1 4.04+1.42b
2 2.24+1.0b
NAA doses (mg L1)

0 0.5+0.3P
0.1 5.5+1.4a
0.5 2.24+1.0P
Analysis of variance

Genotypes (A) *
BAP doses (B) i
NAA doses (C) i

A X B *%

A X C *%

B X C *%
AxBxC **

* %% Significant level of 5% and 1%, respectively. §: Letters
indicate different groups at the 5% level.

As a result of the callus and regeneration studies
carried out on safflower genotypes, it was decided to
continue the optimization of shooting and rooting with
cv. Linas, which was sowed a second time in the late
summer growing season. In this study, the highest
RRCF was achieved at a combination of 0.5 mg Lt of
BAP and 0.1 mg L't of NAA with 20%, and seven shoots
were derived from this combination. These shoots were
moved to a medium consisting of 0.1 mg L1 of NAA for
rooting, but it did not occur. Belide et al. (2011)
reported that safflower is sensitive to hyperhydration
and difficult to genetically transform due to poor root
formation in vitro.
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Figure 1. Shoot regeneration from anthers of safflower genotypes. 1a: Callus induction from anthers, 1b: Green
and growing calli in cvs. Balc1 and Linas, 1c: Callus that grew excessively but did not induce shoots in
cv.Balci, 1d and 1le: Vigorous and green calluses inducing shoots in cv. Linas, 1f: Shoots transferred for
growth and elongation, 1g: Transferring of elongated shoots to rooting medium and 1h: Root development
after shoot death.

Sekil 1. Aspir genotiplerinin anterlerinden stirgiin rejenerasyonu. la’ Anterlerden kallus olusumu, 1b° Balci ve
Linas c¢esitlerinde yegil ve biiytiyen kalluslar, 1c¢: Balcl ¢esidinde asir1 bliyliyen ancak siirgiin vermeyen
kallus, 1d ve le’ Linas ¢esidinde stirgiin olusturan gii¢lii ve yegil kalluslar, 1f* Biiyiime ve uzama igin
transfer edilen sitirgtinler 1g° Uzatilmis siirgiinlerin kéklenme ortamina aktarilmasi ve 1h- Sirgiin
oliimiinden sonra kék gelisimi.
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Table 3. The effect of varied BAP and NAA doses on the rate of regenerable callus formation in anthers of some
safflower genotypes (%). (Mean + standard error).
Cizelge 3. Farkli BAP ve NAA dozlarinin bazi aspir genotiplerinin anterlerinde rejenere olabilir kallus olusum
oranina etkisi (%) (Ortalama + standart hata).

Safflower genotypes BAP doses NAA doses
(mg L1 (mg L'1)
0 0.1 0.5

Bala 0 0.0£0.0¢* 0.0£0.0¢ 0.0£0.0¢
0.5 0.0+0.0¢ 13.3+0.02 6.7+3.8bc
1 0.0+0.0¢ 11.1£2.2ab 0.0+0.0¢
2 2.3+2.2¢ 11.1£2.2ab 0.0+0.0¢

Linas 0 0.0+0.0¢ 0.0£0.0¢ 0.0£0.0¢
0.5 2.2+2.2¢ 6.7+6.7bc 0.0£0.0¢
1 0.0+0.0¢ 2.2+2.2¢ 11.1+4.52b
2 0.0+0.0¢ 0.0£0.0¢ 0.0£0.0¢

* Letters indicate different groups at the 1% level for genotype X BAP x NAA interaction.

Table 4. Mean values of regenerable callus formation as a result of culturing anthers of cv. Linas in media
containing different BA and NAA (%). (Mean + standard error).
Cizelge 4. Linas ¢esidine ait anterlerin farkli BA ve NAA iceren besi ortamlarinda kiiltiire alinmasi sonucu olusan
rejenere olabilir kallus oranlarina iliskin ortalama degerler (%). (Ortalama + standart hata).

1
BAP doses (mg L) NAA doses mg LL

0.1 0.5 Means

0.5 20.0£3.0af 1.3+1.3b 10.7+4.92

1 0.0+0.0v 2.7+1.6> 1.4+1.3b

2 6.7+4.2b 0.0+0.0b 3.4+£3.2b

Means 8.8+2.72 1.3+0.7b

Analysis of variance

BAP doses (A) *

NAA doses (B) o

AxB *%
*, %% Significant level of 5% and 1%, respectively. {: Letters indicate different groups at the 5% level.
CONCLUSION (Project code: 202023029). In addition, this study was
In this study, the responses of 12 safflower genotypes prepared by using of the master thesis of Dudu Busra
to anther culture were determined. Among these Duru.

genotypes, only cvs. Balc1 and Linas produced highly
regenerable callus. Although callus induction was
observed in the other genotypes, these calli did not The contribution of the authors is equal.
develop into compact and green calli, which have a
higher potential to induce shoots. Among the
genotypes producing regenerable callus, a few shoots Author has declared no conflict of interest.

were achieved only in cv. Linas. The elongation of these

shoots was very important for rooting. However, the REFERENCES

prolonged in vitro culture time to elongate of shoots Belide, S,, Hac, L., Singh, S.P., Green, A.G., & Wood,
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ABSTRACT Moleculer Biology

DNA barcoding is an important molecular approach in the determination

of species diversity, evaluation of phylogenetic relationships and Research Article
identification of taxonomically problematic species because of insufficient

diagnostic characters. It has great importance to determine the barcoding Article History

regions that will give the best result in the evaluation of phylogenetic Received $29.03.2022
relationships in species like Trifolium that spread over wide geographical Accepted 1 14.08.2022
regions in the world and show high variation accordingly. For this aim,

matK (maturase K) and rbcL (ribulose bisphosphate carboxylase gene) Keywords

regions belonging to cpDNA(chloroplast DNA) was used to determine the DNA barcoding

barcoding ability and evaluate the taxonomy of the genus 7rifolium. 63 Trifolium

taxa from matK region and 47 taxa from rbcL region were determined matK

and used in this study. It was observed that transitional substitutions for rbcLs

matK and rbcL regions are higher than transversional substitutions with cpDNA

the rate of 51.52 % and 70.69 %, respectively. It can be stated that both
of barcoding regions are valuable to reveal the phylogenetic relationships,
in addition to their grouping ability the species as taxonomically.
However, especially the using of matK sequence informations that have
high variable sites (158) and grouping ability clearly for all taxa is
strongly recommended.

cpDNA Sekanslar1 Temelinde Trifolium L. Tiirlerinin Filogenetik Iligkileri

OZET Molekiiler Biyoloji

DNA barkodlama; tiir ¢esitliliginin tayininde, filogenetik iligkilerin :
degerlendirilmesinde ve yetersiz ayirt edici karakterlerden dolay: Aragtirma Makalesi
taksonomik agidan problemli tirlerin kimliklendirilmesinde énemli bir Makale Tarihcesi
molekiiler yaklagimdir. Genis cografik bolgelere yayilan ve buna bagh Gealisa’l?aria}fil 9(3:559.03.2022

yiksek varyasyon gosteren 7rifolium gibi tiirlerde, filogenetik iligkilerin
degerlendirilmesinde en iyi sonucu verecek barkodlama boélgelerini tayin
etmek biiyiik bir éneme sahiptir. Bu amagcla, cpDNA’ya (chloroplast

Kabul Tarihi :14.08.2022

DNA) ait matK (maturase K) ve rbcL (ribulose bisphosphate carboxylase ADI&??:TE: ;1121;1;1‘
gen) bolgeleri 7Trifolium cinsinin taksonomisini degerlendirmek ve Trifolium
barkodlama yetenegini tayin etmek i¢in kullanildi. Bu ¢alisgmada matK matK

bolgesinden 63 taxa ve rbcL bolgesinden 47 taxa belirlendi ve kullanalda. rbel

Transisyonel degisimlerin, matK ve rbcL bélgeleri i¢in transversiyonel cpDNA

degisimlerden sirasiyla % 51.52 ve % 70.69 ile daha yiiksek oldugu
gozlemlendi. Heriki barkodlama boélgesinin taksonomik olarak turleri
gruplama yeteneklerinin yanisira, filogenetik iligkileri ortaya ¢ikarmak
adina degerli oldugu ifade edilebilir. Bununla birlikte, 6zellikle biitin
taksonlar i¢in acgik bir sekilde gruplama yetenegine ve yiiksek oranda
degisken bolgelere sahip (158) matK sekans bilgilerinin kullanimi
tavsiye edilir.

Ataf Sekli: Yilmaz, A. & Yeltekin, Y. (2023) cpDNA Sekanslar1 Temelinde 7rifolium L. Tirlerinin Filogenetik Tligkileri.
KSU Tarim ve Doga Derg 26 (2), 299-306. https://doi.org/10.18016/ksutarimdoga.vi.1095219
To Cite : Yilmaz, A. & Yeltekin, Y. (2023). Phylogenetic Relationships Of The 7Trifolium L. Species Based On cpDNA

Sequence. KSU J. Agric Nat 26(2), 299-306. https://doi.org/10.18016/ksutarimdoga.vi.1095219

INTRODUCTION

The genus Trifolium belonging to the family Fabaceae
is represented by about 255 species which have

cosmopolitan distribution (Gillet & Taylor, 2001; Choi
et al., 2020; Kalinkina et al., 2020). However, the
greatest species diversity within the genus Trifoliumis
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observed in the Mediterranean region and its
periphery (Ellison et al., 2006; Uslu & Babag, 2019).

The most of Trifolium species are used as ornamental
plants, medical plants and foods for animals (Zohary &
Heller, 1984; Eroglu et al., 2013; Uslu & Babac, 2019).

The taxonomy of the genus, classification and
systematic position of some species within the genus
are still problematic and confusing. One of the most
important reasons is cosmopolitan distribution of the
species and variations caused by wide geographical
factors. Two classifications proposed by Zohary and
Heller (1984) and Ellison et al. (2006) are commonly
used in the taxonomy of the genus. The species of the
genus Trifolium are evaluated into two subgenus as
Trifolium L. and Chronosemium (Ser) in the
classification proposed by Ellison et al. (2006), whereas
they are classified into eight sections without subgenus
in the classification proposed by Zohary and Heller

(1984): Lotoidea, Trifolium, Chronosemium,
Trichocephalum  Koch, Involucrarium  Hooker,
Vesicaria, Paramesus (C.Presl) and Mistyllus

(C.Presl). Both of classifications are still commonly
used by many researchers in the evaluation of
taxonomy and phylogenetic relationships within the
genus (Uslu et al., 2013; Uslu & Babac, 2019; Choi et
al., 2020; Kalinkina et al., 2020). For this aim, studies
based on morphologic, cytogenetic and especially
different molecular techniques like PCR methods and
DNA sequences belonging to nuclear and plastid
genom are frequently performed to provide
considerable informations about taxonomy of the
genus Trifolium (Watson et al., 2000; Ellison et al.,
2006; Kalinkina et al., 2020).

Cytogenetic studies show that basic chromosome
number in the genus 7Trifolium is x=8 for the majority
of the species examined (Goldblatt, 1981; Ellison et al.,
2006; Kiran et al., 2010), although anaploidy (x= 5, 6
and 7) and polyploidy (4x, 6x and 12x) are detected in
some species (Ellison et al., 2006; Vizintin et al., 2006;
Kiran et al., 2010; Uslu, 2012).

In cases where morphological datas are insufficient
due to differences in ecological conditions, geographical
factors and variations in morphological characters in
plants caused by these, molecular systematic studies
based on DNA sequence informations are commonly
performed to determine the status and phylogenetic
relationships of some problematic taxa. It is expected
that the DNA sequence information belonging to the
region prefered should contain enough nucleotide
changes to identify the species, in addition to enough
nucleotide similarities to reveal the relationship
between species and to collect the species in the correct
systematic categories. Therefore, especially cpDNA
regions which contain gene and spacer sequences
between genes are used in plant systematic studies. In
this study, two regions belonging to cpDNA (matK and
rbcL) frequently proposed were examined to provide
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contribution to taxonomy of the genus and to
determine the species identification ability of the
regions examined. All sequences from past to present
for matK and rbcL regions belonging to Trifolium taxa
were provided from NCBI (National Center of
Biotechnology Information). In addition to understand
the taxonomy of the genus 7rifolium, it is aimed in this
study to reveal the importance of regions selected in
DNA Dbarcoding because the same DNA regions
examined for barcoding in different plant groups may

show separation ability in different taxonomic
categories.
MATERIALS and METHODS

All DNA sequence informations belonging to matK and
rbeL genes from cpDNA were collected from NCBI and
analysed according to compatibility of their sequence
information. In other words, sequence informations
which are compatible with each other were determined
and used in this study. Totally 63 Trifolium taxa from
matK region (Burgess et al., 2011; Schaefer et al.,
2011; Bruni et al., 2012; Elliott & Davies, 2014;
Kajtoch et al., 2015; Kuzmina et al., 2017; Thornhill et
al., 2017) and 47 Trifolium taxa from rbcL region
(Burgess et al., 2011; Schaefer et al., 2011; Bruni et al.,
2012; de Vere et al., 2012; Kajtoch et al., 2015; Manton,
2016; Kuzmina et al., 2017) were examined based on
sequence informations (Appendix) and analysed their
species identification and separation abilities the taxa
in the genus Trifolium.

Exclusion of problematic taxa and selection of taxa
according to the results of phylogenetic tree is a
situation observed commonly. For this reason, some
species which have sequence informations in high level
in NCBI were represented by a few taxa to show
compatibility of the taxa in phylogenetic tree.
Furthermore, attention was paid in the selection of
these taxa to the fact that they were analysed by
different researchers.

After the determination of sequences for both regions
examined, these sequences belonging to 7Trifolium taxa
for matK and rbcL. were aligned and performed by
using Molecular Evolutionary Genetics Analysis
(MEGA X) (Kumar et al., 2018).

Base substitutions among the taxa examined were
determined for matK and rbcL sequences, separately.
Variable sites and parsim-info sites were defined for
two regions examined in addition to alignment lengths
(Table 1). Sequence substitution probabilities among
Trifolium taxa examined for both of matK and rbcL
regions were determined. Afterwards, transitional and
transversional base substitutions range were
computed in addition to transition/transversion ratios
for purines-pyrimidines. Finally nucleotide
frequencies for the regions belonging to matK and rbcL
of Trifolium taxa were determined (Table 1).
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Table 1. The comparisons of all studied DNA regions
Cizelge 1. Tiim ¢alisilan DNA bolgelerinin karsilastirmalar:

DNA regions Taxon Alignment Variable Parsim-info Transitional Transversional Transition/Transversion rate Nucleotide

(number) lenght (bp) site site substitutions  substitutions = Purines Pyrimidines Overall  freq. (%)
%) %) k) () (R) A+T/U G+C
matK 63 514 158 86 51.52 48.48 0.40 3.56 0.94 70.47 29.53
rbel 47 332 65 31 70.69 29.31 2.77 6.76 2.33 58.62 41.38
Total 110
Maximum Parsimony method were performed to show for matK region in 7rifolium taxa consist of A and T
phylogenetic relationships of Trifolium taxa, to provide bases (Table 1).
contribution to understanding of 7rifolium taxonomy, The probability of substitutions from one base to
to find out grouping abilities with species in different another were shown in Table 1 for rbcL region. The
branches in phylogenetic tree for matK and rbcL highest base substitutions were observed between
regions besides the species identification abilities Cytosine and Thymine bases with the rate of 50.95 %.
(Figure 1, 2). The rate of transitional substitution in Table 1 were
This analysis involved 63 7Trifolium taxa from matK computed as 70.69 % In other Words, 1t can be said
region and 47 Trifolium taxa from rbeL region. Gaps that the rate of transitional substitution is higher than
and missing data analyzed in sequences of taxa transversional substitutions with the rate of 70.69 %.
examined were eliminated for effective analysis. Tra.ns1t1.on/ transversion ratios ) for purines,
pyrimidines and overall were determined as 2.77, 6.76
RESULTS and DISCUSSION and 233, respectively (Table 1) Finally, nucleotide
All f i for Trifoli hed frequencies of rbcL sequences for Trifolium taxa were
sequence informations for Irifo/ium taxa examine also determined as 26.63 % for Adenine, 31.99 % for

in this study were provided from NCBI. Firstly all Thymine/Uracil, 19.44 % for Cytosine and 21.94 % for
sequences belonging to 7rifolium taxa from past to Guanine ’

present were collected for two regions (matK and rbcL)
from cpDNA. Afterwards, sequences which is
compatible with each other according to nucleotide
lengths were determined and preferred for analysis.
Finally, 63 taxa from matK region and 47 taxa from
rbcL region were determined and used for further
analysis.

Maximum Parsimony (MP) method was performed
using by sequence informations of matK and rbcL
regions belonging to cpDNA to provide contribution to
taxonomy of the genus and to determine the species
identification ability of the regions examined (Figure
1, 2).

Phylogenetic trees provided from matK and rbcL: were
used to evaluate the genus 7rifolium based on the
taxonomic classification suggested by Ellison et al.

While 158 variable sequences and 86 parsimony
informative sites in the comparison of the taxa
examined were determined for matK region (Table 1),

it was observed 65 variable sequences and 31 (2006).

parsimony informative sites for rbcL region (Table 1).

After the elimination of the sequences containing gaps The Evaluation of Phylogenetic Relationships Among
and missing data, alignment length of the 7rifolium Trifolium Species Based on matK Region:

taxa for matK and rbcL regions were determined as New infrageneric classification proposed by Ellison et
514 bp and 332 bp, respectively. al. (2006) separated the genus 7rifolium into two
The rates of transitional and transversional subgenus as Chronosemium and Trifolium on the
substitutions were shown in Table 1 for matK region. contrary of classification proposed by Zohary and
The highest base substitutions were observed between Heller (1984) which separate the species as only
Cytosine and Thymine bases with the rate of 47.03 %. sectional without subgenus.

In other words, it can be said that the most of the Subgenus Chronosemium were represented by 9 taxa
sequence variations belonging to matK region for in this study. These taxa evaluated within the
Trifolium taxa examined were caused by transitional subgenus Chronosemium formed the outmost groups
substitutions with the rate of 51.52 %. in phylogenetic tree. In other words, the highest
Transition/transversion ratios were computed as 0.40 variation in MP tree was observed in the species
for purines, 3.56 for pyrimidines and 0.94 for overall belonging to Chronosemium. This supports the
(Table 1). Nucleotide frequencies for matK region of classification based on Ellison et al. (2006).

Trifolium taxa were determined as 31.67% (A), 38.80% Subgenus 7rifolium is represented by 8 sections:

(T/U), 15.61% (C), and 13.92% (G). As a l.result, it.can Trifolium, Vesicastrum, Involucrarium, Trifoliastrum,
be stated that the most of the sequence informations Lupinaster, Trichocephalum, Glyeyrrhizum and
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Paramesus. In this study, taxa examined were grouped Section Paramesus was represented by one species (7!
within the 6 sections as Paramesus, Vesicastrum, strictum) in MP tree. 7T strictum formed the most
Trifolium,  Trichocephalum,  Trifoliastrum and distinct group after Chronosemium in dendrogram and
Involucrarium. showed affinity to the clade which consist of

Vesicastrum species.
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Figure 1. MP tree provided from matK sequence of Trifolium taxa
Sekil 1. Trifolium taksonlarinin matK sekansindan elde edilen MP agaci
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Figure 2. MP tree provided from rbcli sequence of Trifolium taxa
Sekil 2. Trifolium taksonlarinin vbcLi sekansindan elde edilen MP agaci

The section Vesicastrum was represented by 8 taxa in
this study. These taxa belonging to the section
Vesicastrum were grouped together although they
formed different clades between section Paramesus
and Trifolium. Section Paramesus and Vesicastrum
formed the outmost groups in dendrogram with
subgenus Chronosemium. Other sections (7rifolium,
Trichocephalum, Trifoliastrum and Involucrarium)
show more similarities with each other although each
section was grouped in distinct clades.

303

Section Trifolium was represented by 18 taxa. It can be
said that all taxa were grouped together in
dendrogram although taxa belonging to the section
Trifolium formed few clades.

Section 7richocephalum was represented by only one
species (7. subterraneum) in this study. 7.
subterraneum merged from outermost to the clade
which consist of 7rifolium taxa. Furthermore, this
section was separated from other taxa and formed
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different clade although it was represented by only 7.
subterraneum.

Section Trifoliastrum and Involucrarium were
represented by 12 and 14 taxa, respectively. These two
sections formed distinct two groups and all taxa
examined were grouped as sectional.

Moreover, section 7rifoliastrum and Involucrarium
showed similarity as phylogenetically in dendrogram
(Figure 1).

As a result, it was observed that all sections examined
were separated from each other and formed distinct
clades. Finally, it can be stated that sequence
information for matK region 1s significant to
understand of taxonomy of the genus 7rifolium and
have enough information to group the species as
sectional.

The Evaluation of Phylogenetic Relationships Among
Trifolium Species Based on RbcL Region:

Subgenus Chronosemium was represented by 4 species
in this study and species belonging to Chronosemium
were grouped together in separate clade from other
taxa. However, species evaluated within the subgenus
Chronosemium did not formed outmost clade in
dendrogram, unlike the matK.

Section Trifolium was represented by 20 taxa. All taxa
examined were grouped together in distinct clade. MP
tree provided from rbcL region consists of two main
groups and one of these main groups is section
Trifolium. In other words, species which show the most
differences among the all taxa examined belong to
section Trifolium.

Section 7richocephalum was represented by only one
species (7. subterraneum) for rbcL region and 7.
subterraneum was embedded among 7rifolium species
(Figure 2).

Second main group in dendrogram consist of four
sections (7rifoliastrum, Involucrarium, Vesicastrum
and Paramesus) except subgenus Chronosemium.

Species belonging to section ZTrifoliastrum and
Involucrarium were grouped together in same clade.

Species evaluated within the section Vesicastrum
formed distinct clade from other taxa and showed
affinity with the clade which consist of the species of
section Trifoliastrum and Involucrarium.

T strictum (section Paramesus) with 7. tomentosum
(section Vesicastrum) formed outmost clade in second
main group and showed the most differences
phylogenetically among the species examined.

Firstly, MP tree obtained from the sequence
informations belonging to the matK region of 7Trifolium
taxa shows that all taxa examined were clearly
grouped as sectional and formed distinct clusters
(Figure 1).
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Subgenus Chronosemium consists of taxa that exhibit
the most differences in comparison to other sections.
This situation is compatible with the study of Ellison
et al. (2006).

Phylogenetic tree provided from nrDNA ITS sequences
and trnL intron of cpDNA used in the study of Ellison
et al. (2006) show the major clades of subgenus
Trifolium and their relationships. The most of the
relationships between sections for matK region in this
study is compatible with Ellison et al. (2006). Here, the
clades of section 7Trifoliastrum and Involucrarium
show similarity. Furthermore, the section 7rifolium
and Trichocephalum exhibit similarity in dendrogram
(Figure 1).

The Paramesus which consists of only one species (7!
strictum) is the section showing the highest variation
among the sections of subgenus Trifolium.

All results based on matK sequence informations show
compatibility with the new infrageneric classification.
In this aspect, it can be said that the using of matK as
a barcoding region is strongly recommended for further
studies in the genus 7rifolium. Results provided from
the groupings of taxa examined support the
phylogenetic classification suggested by Ellison et al
(2006), unlike the classification of Zohary and Heller
(1984). Similarly, phylogenetic relationships of the
taxa in this study show differences with Watson et al.
(2000).

The MP tree provided from rbclk sequence
informations of 7rifolium taxa formed two main groups
(Figure 2). While one of these groups consist of section
Trifolium and section Trichocephalum represented by
T. subterraneum, second main group contains other
sections (Trifoliastrum, Involucrarium, Vesicastrum
and Paramesus) and subgenus Chronosemium. In
other words, we found quite a high variation in the
section Trifolilum in comparison to others. The
relationships between section Trifollum and
Trichocephalum represented in first main group show
similarity with the study of Ellison et al. (2006).
Furthermore, it can be said that species examined
were generally separated as sectional in MP tree
provided from rbcL region. However, this sectional
separation and phylogenetic relationships of taxa is
not clear like information obtained from matK.

CONCLUSION

Although the use of barcoding regions is very
important 1in the evaluation of phylogenetic
relationships between species besides the solution of
taxonomic problems, the DNA region preferred for
analysis is one of the most important points in
successful of the study. Moreover, it is necessary to
know that this situation can show variability in
different plant groups. In other words, a DNA region
which show good separation in some plant groups can
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be inadequate for other plant groups. As a result of this
study, it can be stated that taxa from the genus
Trifolilum are well grouped for both of barcoding
regions in aspect of their common features. However,
especially the using of matK sequence informations is
strongly recommended for their ability to reveal the
phylogenetic relationships, in addition to well
grouping of the species as sectional. Furthermore,
results provided from this study support the
phylogenetic classification suggested by Ellison et al.
(2006) in aspect of the evaluation of the genus
Trifollum into two subgenus as Chronosemium and
Trifolium, relationships between sections and finally
phylogenetic relationships of taxa.
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APPENDIX

matK:

KX677782, KX677632, KX677625, KX677553, KX677538, KX677534, KX677517, KX677456, KX677428,
KX677425, KX677330, KX677305, KX677243, KX677240, MF543558, MG221073, MG220863, MG220733,
HQ593473, KP210441, KP210439, KJ593139, KJ593138, KJ204551, KJ204549, KP402304, JX518122, HQ619811,
MK926203, MK926192, MK520770, KY607384, KY607383, MF963693, MF963637, MF963516, MF963515,
MF963514, MF963513, MF963503, MF963502, FJ395427, KJ746140, HM851164, HMS51162, HM851161,
HMS851160, HM851159, HM851156, HM851155, HM851153, HM851152, HM851150, HM851148, HM851147,
HE970749, HE967505, HE967503, JN895800, JN895605, JN894444, JN894443, JN894249

rbeL:

MF572248, KJ204418, KJ204416, KJ204414, KJ204413, HQ590307, MK925427, MK925188, MK924976,
MK526828, MG249926, MG249858, MG249806, MG249634, MG249454, MG249181, MG248787, MG248763,
MG248744, MG248616, MG248257, MG248120, MG247815, MG247055, MG247022, MG246653, KX397992,
KX397991, KX678860, KX677987, KX421133, KX421129, KJ746233, JX573067, HM850424, HMS850423,
HMS850422, HM850417, HM850411, HM850408, JN893214, JN891664, JN891326, JN891324, HE963715,
HE963713, HE963712
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ABSTRACT

Millets are indigenous to many parts of the world and are more widely
grown, especially in areas where water is limited. The most widely grown
millet type is sorghum (Sorghum bicolorL.). A field study was carried out
to determine the effect of deficit irrigation regimes on grain yield and
seasonal evapotranspiration of proso millet (Panicum miliaceum L.) in
the Thrace Region of Turkey. The field trials were conducted on a loam
Entisol soil, on Ogretmenoglu and Beydari, the most popular varieties in
the research area. In the study, the split plots experimental design with
three replications was used. Eight different irrigation issues are
considered, including combinations of the vegetative (V), flowering (F)
and grain formation (Y) phases of the plant (including dry conditions,
Nol). Results showed that proso millet was significantly affected by water
stress during the sensitive flowering stage. The highest grain yield was
obtained with 4.09 t ha-1 from Ogretmenoglu and 4.03 t ha-1 from
Beydari, which was rinsed (VFY) in all development periods. Seasonal
irrigation water use and evapotranspiration of the irrigated (VFY) in all
development periods were 318 and 579 mm, respectively, for the non-
stressed treatment. The seasonal water yield function was calculated as
Y = 0.4087 ET + 144.03, and the seasonal yield-water response factor
value was calculated as 0.57".

OZET

Darilar diinyanmin pek cok yerine o6zgidir ve ozellikle suyun kisith
oldugu alanlarinda daha yaygin olarak yetistirilmektedir. En yaygin
olarak yetistirilen dar1 tiirii sorgumdur (Sorghum bicolor L.). Dari
(Panicum miliaceum 1.)'min su-verim iligkilerinin belirlenmesi amaciyla
yapilan bu arastirma 2018-2019 yillarinda Tekirdag Namik Kemal
Universitesi deneme alaninda (40°59'K-27°34'D; 20 m) yiiriitiilmistiir.
Ogretmenoglu ve Beydar ¢esileri kullanilarak tesadiif parselleri deneme
desenine gore Uc¢ tekerriirli planlanan arastirma, tinli-killi bunyeli
Entisol toprak grubu iizerinde kurulmustur. Bitkinin vejetatif (V),
ciceklenme (F) ve dane olusum (Y) dénemlerinin kombinasyonlar1 iceren
(kuru kosullar dahil, Nol) sekiz farkli sulama konusu yer almistir.
Arastirma sonuclarina gore, darinin topraktaki nem eksikligine duyarh
bir bitki oldugu, en fazla duyarli oldugu dénemin ise ciceklenme (F)
donemi oldugu gorilmiistir. En yliksek dari dane verimi, tim gelisme
dénemlerinde sulanan (VFY) konusunda Ogretmenoglu’dan 4.09 t ha'l ve
Beydari’dan 4.03 t ha! elde edilmistir. Bu konunun mevsimsel sulama
suyu kullanim1 ve bitki su tiiketimi sirasiyla 318 ve 579 mm olmustur.
Mevsimsel su verim fonksiyonu Y = 0.4087 ET + 144.03 , Mevsimsel
verim-su tepki faktori degeri ise 0,57' olarak hesaplanmigtair.
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INTRODUCTION

The usage areas of Sorghum [Sorgum bicolor (L.)
Moench] has changed over time, but it remains a
primary staple food, especially for arid regions.
Sorghum also plays a significant role in human
consumption; in terms of production area, it ranks fifth
after maize, rice, wheat and barley among the cereal
crops (Paterson, 2008). It has been reported that 21
sweet sorghum genotypes have high yield and silage
quality potential under Cukurova conditions (Yucel et
al. 2017). The global climate change, which is being
experienced more and more each year, the increasing
world population and the increasing need for food
require solutions to the universal problems in the
agricultural sector. The importance of growing
sorghum 1is increased by the fact that it does not
require as intensive plant protection and nutrient
replenishment as maize (Tsuchihashi & Goto, 2004).

The possible agricultural drought resulting climate
change necessitates effective water management to
increase and maintain productivity with irrigated
agriculture.

In plant production, instead of obtaining maximum
efficiency from the unit area with full irrigation, by
limiting the number of irrigation or the amount of
irrigation water, more areas can be irrigated with the
same amount of irrigation water, and thus water use
can be optimized (Anonymous, 2018).

Millet (Panicum miliaceum L.), subsidized to meet
quality forage deficiencies in Turkey, has recently
become increasingly embedded in the crop pattern of
the Thrace Region. Therefore, the need for information
on millet cultivation and water use efficiency in
irrigated conditions has become critical. It has a water
demand of 500-580 mm/year and a transpiration
coefficient of 150-250 l/kg dry matter (Assef et al.,
2010). In the case of limited watering of the plants,
with the change of soil moisture, the plant reacts
differently in different development periods. This
means that the sensitivity of plants to water deficiency
in each development period is different.

Few studies on millet in Turkey and the world reveal
that millet is a water-sensitive product (Ibrahim et al.
1993; Turgut et al. 2006). Similarly, it was stated by
Prasad et al. (1986), Seghatoleslami et al. (2008),
Okant (2014) and Gong et al. (2019) that irrigations at
different growth stages cause very other effects on
plant growth and yield.

In this study, it is aimed to contribute to the
agriculture of the region by determining the water-
yield relationship of millet.
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MATERIAL and METHOD
Research Site

The research was carried out in the experimental area
of Tekirdag Namik Kemal University Faculty of
Agriculture in 2018 and 2019. The trial area is 2 km
from the sea, at an altitude of 20 m, and is located at
40°59' north latitude and 27°34' east longitude.

Climatic Conditions

Tekirdag province has a semi-terrestrial climate type.
Winters are cool and rainy; summers are dry and hot.
For many years (1975-2019), the annual average
precipitation 1is approximately 581.8 mm, the
temperature is 14 °C, the relative humidity is 77%, the
evaporation amount is 987.3 mm, and the wind speed
is around 2.7 m s! (State Meteorology Bulletin, 2020).
The monthly temperature, relative humidity, wind
speed, precipitation and sunshine duration values
measured during the trial years (2018-2019) are given
in Table 1.

Experimental Plan

Experiment area did not form a pedogenetic horizon,
very young, clayey textured (average 46.2% clay, 27.9%
silt, 25.9% sand in 0-90 cm soil profile), located on
Entisol soil order. (Boyraz and Sar1, 2012). There is no
problem with boron, salinity, sodium, calcification,
drainage and erosion. Irrigation water quality is T2S1
(electrical conductivity 0.5 dS m'!, sodium absorption
rate 7.0). Soil moisture constants of the experimental
area are given in Table 2, and some chemical analysis
values of the soil are shown in Table 3.

The research was carried out as two separate
experiments with three replications, using the
Ogretmenoglu and Beydari seed varieties (Panicum
miliaceum L.) according to the split plots experimental
design. The sowings were made on 16 April 2018 and
12 April 2019. Trial plots were 2.1 x 4.0 m in size, 0.35
m between rows and 0.20 m above rows. A total of six
rows were created in each plot. With the planting, all
plots were given 20-20-0 fertilizer with 100 kg ha! and
urea fertilizer with the analaysis of 50 kg ha'! when the
plant height reached 40-45 cm. In both years, winter
wheat was planted as a preliminary plant in the
experimental area.

Irrigation Applications

In selecting irrigation topics, three developmental
periods with high sensitivity in water-yield relations
were taken as stated in Doorenbos and Kassam (1979)
and Allen et al. (1998).

The amount of irrigation water to be given to the
subjects to be irrigated is based on the principle of
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increasing the amount of missing moisture in the soil
samples taken from the adequate root depth (0-90 cm)
of the relevant plots before each development period

(Howell et al., 1988) to the field capacity (Howell et
al.,1988).

Table 1. Meteorological values measured during the trial years
Cizelge 1. Deneme yillarinda éigiilen meteorolojik degerler

Meteorolojik degerler (Meteorological values)

Aylar Sicaklik Nisbi nem Rizgar hiza Yagis Giineglenme
(Months) (Temperature)  (Relative humidity) (Wind speed) (Precipitation) (Sunbathing)
({O) (%) (m s1) (mm) (h)
2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
January 6.6 5.6 85.6 76.3 2.9 3.2 76.5 63.9 101.2  49.9
February 7.3 5.8 86.1 74.3 3.5 2.9 95.3 44.8 49.0 104.5
March 9.8 9.3 85.8 70.8 3.0 2.9 76.8 30.2 92.0 199.8
April 14.0 11.6 76.4 71.9 2.2 2.6 10.6 42.9 240.3 162.4
May 18.5 17.9 79.2 70.5 2.8 2.3 27.4 31.2 183.7 191.7
June 22.3 24.1 72.6 64.8 3.0 2.8 75.4 7.5 199,1 237.1
July 25.1 23.9 69.5 65.0 2.6 2.7 87.7 18.8 259.5 293.0
August 26.0 25.3 63.1 62.7 3.8 3.5 - - 228.4 293,3
September 21.8 21.6 67.7 65.1 3.1 3.3 18.7 9.6 132.8 223.3
October 16.7 17.5 75.9 73.3 2.8 2.3 48.2 46.2 125.8 184.1
November 12.1 15.5 76.7 75.7 3.6 2.6 48.2 17.4 52.5 130.2
December 6.2 9.2 76.3 75.5 2.6 2.7 115.2 22.3 59.9 71.1
Yillik (Annual) 15.5 15.6 76.2 70.5 3.0 2.8 680.0 334.8 143.7 178.4
Table 2. Field capacity and wilting point values of the research area soil
Cizelge 2. Arastirma alani topraginin tarla kapasitesi ve solma noktasi degerleri
Toprak derinligi (Soil depth) Tarla kapasitesi Solma noktasi Hacim agirlig: Faydali su
(cm) (Field capacity) (Wilting point)  (Volume weight) (Useful water)
Pw mm Pw mm (gr cm™) (mm)
0-30 19.70 96.9 10.23 50.3 1.64 46.6
30 - 60 20.21 101.3 9.97 50.0 1.67 51.3
60 - 90 21.26 107.8 11.18 56.7 1.69 51.1
Toplam (Total) 306.0 157.0 149.0
Table 3. Some chemical analysis values of the research area soil
Cizelge 3. Arastirma alani topraginin bazi kimyasal analiz degerleri
Toprak Toprak  Potansiyel Elektiriksel Toplam Kire¢  Organik Mevcut
Yil derinligi doygunlugu hidrojen iletkenlik tuz (Lime)  madde (Available)
(Year) (Soil (Soil (Potential  (Electrical (Total CaCOs (Organic (kg dat)
Depth) Saturation) hydrogen) conductivity)  Salt) Matter)
(cm) (cm) 103 + 25°C (%) (%)
P20s5 K20
2018 0-20 58 6.9 492 0.021 0.92 0.93 11.2 128.9
20 —40 59 6.9 484 0.018 0.84 0.87 6.8 126.8
2019 0-20 59 7.1 551 0.022 0.86 0.90 12.8 137.5
20— 40 61 7.0 520 0.021 0.82 0.70 8.0 139.9

Soil moisture levels of the plots were determined by
gravimetric method with soil samples taken from 0-30,
30-60 and 60-90 cm depths. Necessary irrigation water
was applied to the plots together with the ponded
furrow method in both trials. ETa = P + I £ AS water
balance equation was used to calculate plant water
consumption (Beyce & Madanoglu, 1980). Inequality,
ETa: crop water consumption, P: precipitation, I:
irrigation water, and AS: moisture change in soil
profile between the sowing and harvesting period. All

precipitation values were accepted as effective in the
experiment. According to the specified equation,
cumulative plant water consumption amounts were
obtained by using soil samples taken at the beginning
of each irrigation period (Istanbulluoglu, 1996). The
first year of the trial was terminated on 18 September
2018, and the second year was on 14 September 2019.
Grain yields obtained from the trial subjects were
evaluated statistically by analysis of variance and
Duncan classification.
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The water-production function was obtained, which
gives the relationship between the grain yields
obtained from the experiments and the seasonal plant
water consumption values. In addition, the water-yield
relationship factor (ky), which gives the relationship
between proportional plant water consumption deficits
and proportional yield reductions, was determined. For
this, the following equation was used based on the
model of Stewart et al (1977) (Doorenbos and Kassam,

1979).
(1-52) =% (1~ g7)
v, )~ ET,

In equality; Ya: actual yield, Ym: maximum yield, ETa:
actual plant water consumption, ETm: maximum
plant water consumption, and ky: water-yield
relationship factor.

The grain yields obtained from each irrigation
application; total water use activities (TWUE) with its
ratio to total evapotranspiration and irrigation water
usage activities IWUE) with its ratio to total irrigation

water amount were calculated (Musick and Dusek,
1980).

RESULTS and DISCUSSION
Effect of Irrigation on Grain Yield

The results of the combined analysis of variance and
significance test (Duncan) as a result of positive
homogeneity test results in millet grain yield values
obtained in both cultivars are given in Table 4.

According to the variance analysis of the grain yields
obtained from the two-year study, it is understood that
the soil moisture level has a significant (p < 0.01) effect
on the product yield. The sensitivity of the plant to
water at different growth stages was markedly
different. The order of susceptibility was listed as
flowering (F), vegetative development (V) and grain
formation (Y). All subjects involving irrigation during
the flowering period were included in the first four
classifications in both years.

Table 4. Millet grain yields obtained from in irrigation applications (t ha')
Cizelge 4. Sulama uygulamalarinda elde edilen dar: dane verimleri (t ha-1)

Sulama konusu

Cesitler (Varieties)

(Irrigation Ogretmenoglu Beydar1
subject) 2018 2019 Average 2018 2019 Average
Nol 2.13 d +0.24 2.31d 014 2.22d +0.13 2.06c+0.10 1.94e +0.05 2.00e +0.06
A% 3.15bc+0.16  3.01 bed £0.03 3.08 bc +0.08 3.20 ab +0.07 2.26 de £0.09 2.73 cd +0.22
F 3.25 abc+0.23  3.29 abc+0.21 3.27 abc +0.14 3.29 ab +0.14 2.59 ¢d +0.07 2.94 bed +0.17
Y 2.61 cd +0.34 2.81cd +0.11 2.71 cd +0.16 2.88 bc+0.22 2.04 e +0.05 2.46 de +0.21
VF 3.73 ab+0.29  3.39 abc +0.20 3.56 ab +0.15 3.25 ab+0.16 2.85 bc+0.11 3.05 be +0.12
VY 3.14 bc +0.18 2.96 bed +0.06  3.05 be +0.09 2.91b+0.15 2.05e+0.06 2.48d =+0.20
FY 3.93 ab +0.17 3.63 ab +0.12 3.78 ab +0.12 3.70 ab+0.11 3.42 ab +0.06 3.56 ab +0.08
VFY 4.13 a+0.09 4.05a +0.13 4.09 a +0.05 3.99 a+0.09 4.07a+0.05 4.03a +0.05
Average 3.26 3.18 3.22 3.16 2.65 2.91
(Standard error) +0.15 +0.11 +0.14 +0.14 +0.12 +0.18

As can be seen from the examination of the average
grain yields for two years, the highest yield was
obtained from the VFY subject. The highest yields
were obtained with 4.09 t ha?! grain from
Ogretmenoglu and 4.03 t hal grain from Beydari.
These were followed by FY and VF subjects in the
Ogretmenoglu variety, and the FY subject in the
Beydari variety.

In cases where water shortage or water economy
problems are experienced in the region, FY or VF
issues can be applied according to the order of priority.
In cases where water shortage is high and single
irrigation can be done, there should be a flowering (F)
period. This period is approximately the first week of
July, 75-85 days after planting the plant. If there is a
drought at the beginning of the plant growing season,
irrigation should be done in the last week of May or the
first week of June, as an approximate date when the
plant height is 40-45 cm. Studies conducted by
Seghatoleslami et al. (2008), Okant (2014) and Gong et
al. (2019) in studies conducted to determine the critical
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development periods of millet against water deficiency
support in the results.

Plan Seasonal Irrigation Water Requirement and
Plant Water Consumption

The amounts of irrigation water applied to the trial
subjects, the obtained irrigation water saving,
irrigation water usage activities, total water usage
activities and seasonal plant water consumption
values are given in Table 5.

During the years of in this study, the amount of
precipitation and its distribution affected the amount
of irrigation water applied to irrigation issues. Due to
the rainy season in the first year, there was a decrease
in irrigation water application compared to the second
year. The highest irrigation water was applied during
the flowering (F) and grain formation (Y) periods.

Seasonal plant water consumption values in both years
were significantly affected by falling precipitation, soil
moisture content and applied irrigation water
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amounts. The amount of irrigation water applied to the
subjects most affected the plant water consumption
values. The lowest plant water consumption of 261
mm, was obtained from the Nol subject without
irrigation. This was followed by subjects V, Y and F,

respectively. The highest crop water consumption was
579 mm for the three times irrigated VFY. There was
no statistically significant difference in ET values over
the years.

Table 5. Seasonal irrigation water amounts, water savings, water use activities and plant water consumption

values obtained from the trial subjects

Cizelge 6. Deneme konularindan elde edilen mevsimsel sulama suyu miktarlari, su tasarrufu, su kullanim

faaliyetleri ve bitki su tiiketim degerleri

Sulama suyu Sulama Sulama suyu Toplam su Bitki su
Sulama Sulama miktar: suyu kullanim kullanim tuketimi
konular: sayisl (Irrigation tasarrufu verimliligi verimliligi (Plant water
(Irrigation (Irrigation water (Irrigation (Irrigation (Total water use consumption)
Subjects) number) amount) water water use efficiency) (mm)
(mm) saving) efficiency) (kg hal mm™)
(%) (kg ha! mm™)
Nol - 100 - 9.0 261
\Y 1 79 75 39.2 9.3 340
F 1 123 61 26.7 8.7 384
Y 1 117 63 23.3 7.3 378
VF 2 201 37 17.7 7.7 462
VY 2 195 39 15.6 6.7 456
FY 2 239 25 13.7 6.6 500
VFY 3 318 0 12.9 7.1 579

The highest monthly plant water consumption was
realized in other months due to irrigation water
application in further development periods due to
irrigation issues. The tallest plant water consumption
was obtained in June for Nol, V and VF subjects and
in July for other issues. In FY and VFY subjects, this
value was 180 mm.

In addition, the most significant savings in irrigation
water for both years were realized in V, Y and F
subjects, which were irrigated once. The moisture
content in the soil profile during irrigation determined
the amount of water saved

Using the average values, the highest total water use
efficiency was obtained from the V subject with 9.3 kg
ha! mm, and the lowest were obtained from the FY
and VY subjects with 6.6 and 6.7 kg hal! mm<,
respectively. Regarding irrigation water usage
efficiency, the highest and lowest values were obtained
from V subject with 39.2 kg ha! mm and VFY matter
with 12.9 kg ha'l mm, respectively. This confirms the
statements by Fereres and Soriano (2007), Geerts and
Raes (2009) and Pereira, Oweis and Zairi (2002) that
there will be no increase in plant yield after a certain
amount of irrigation water and soil moisture content.
As a result, it shows that the plant does not benefit
from water equally in all development periods.

Water-Yield

Water-Production Function and

Relationship Factor (Ky)

The water usage function obtained using seasonal
evaporation and millet yield for all applications is

311

given in Figure 1. The relationship between ET and
grain yield (Y) Y = 0.4087 ET + 144.03 (r = 0.77**) was
statistically significant at the 0.01 level(p<0.01).
Using this relationship, millet grain yield in this
region can be estimated from ET. However, when using
the above equation, the upper limit of the independent
variable (ET) should not be exceeded.

Using the seasonal plant water consumption and grain
yield of the trial subjects, the water-yield relationship
factor (ky), which explains the relationship between
the proportional lack of plant water consumption and
the proportional yield decrease, was calculated as 0.57
in Figure 2. The ky values for 2018 and 2019 were 0.56
and 0.58, respectively.

CONCLUSION

In both years, grain yield decreased in Y subject
without irrigation (33.7%) in the first two growing
periods compared to VFY subject. Watering is essential
during the F growing season. The least reduction in
yield occurred in treatments irrigated only at this
stage. A 45.7% yield reduction in yield was found in the
rain-fed treatment compared to the VFY application.
The highest seasonal ET was calculated as 579 mm in
VFY-treatment of non-water stress conditions, the
highest monthly ET was 180 mm in July. 4,09 tons ha-
1 grain yield was obtained from this subject

According to the results, irrigated VFY in all growth
periods can be recommended to obtain the highest
yield. The irrigation schedule of this subject can be as
follows: the first irrigation is in the vegetative period,
40-50 days after planting, the end of May; the second



KSU Tarim ve Doga Derg 26 (2), 307-313, 2023
KSU J. Agric Nat 26 (2), 307-313, 2023

Arastirma Makalesi
Research Article

watering is during the flowering period, 75-85 days
after planting, that is, in the first week of July; the

a1
o
o

N
o
o

"
o
)
) r=0.77%*
=
300
S
g
‘=200
=
&b
°
=100
=

0

0

Y =0,4087 ET + 144.03

third irrigation is during the grain transport period,
that is, in the last week of July.

2018/19

50 100 150 200 250 300 350 400 450 500 550 600 650

Seasonal water consumption, (mm)

Figure 1. Water-production function giving the relationship between millet grain yields and seasonal plant water

consumption values

Sekil 1. Dar1 dane verimleri ile mevsimliik bitki su tiiketim degerleri arasindaki iliskiyi veren su tiretim fonksiyonu
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Figure 2. Water-yield relationship factor (ky) that gives the relationship between proportional yield reductions and
proportional plant water consumption deficits in millet
Sekil 2. Daridaki orantili verim diistisleri ile orantili bitki su tiiketimi agiklar: arasindaki iligkiyi veren su-verim

1liski faktorii (ky)

The relationship between seasonal ET and grain yield
was statistically significant (p < 0.01) and was defined
by the equation Y = 0.4087 ET + 144.03 (r = 0.77 *¥).
The water-yield relationship factor (ky), which
explains the relationship between the proportional ET
deficit and proportional yield decrease, was calculated
as 0.57. The ky values for 2018 and 2019 were 0.56 and
0.58, respectively. Using the mean values, the highest
TWUE was obtained from the V subject with 9.3 kg ha-
I mm, while te lowest TWUE was obtained from the
FY and VY subjects with 6.6 and 6.7 kg ha! mm,
respectively.
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OZET

Yalitimli, havalandirmasi yeterli, kurulumu kolay ve ucuz olan modern
cadir agillarin yayginlagsmaya baslamasiyla koyun yetistiricilerinin agil
yapim masraflar1 azalmistir. Bu kapsamda c¢alismada, Yozgat ili
cevresinde c¢adir agillarda koyunculuk yapan isletmelerde anket ve
yerinde inceleme yaparak yetistiricilerin sorunlarinin irdelenmesi
hedeflenmigtir. Ayrica, ¢adir agil kullaniminin olumlu veya olumsuz
yonlerinin tespit edilmesi ile mevcut durumlarinin ortaya konulmas:
amaclanmigtir. Cadir agillarda koyun yetistiriciligi faaliyetini stirdiiren
isletme sahiplerinin %90.481 ¢cadir tipi yetistiricilikten ve ¢cadir agildan
yapisal olarak memnun olduklarin1 ifade ederken, %76.19'u
igletmelerinde yogusma (nemlenme) oldugunu belirtmis ve bu durumdan
rahatsiz olduklarini belirtmiglerdir. Cadir agil isletme giderlerini
standart agildaki giderlerle ayni1 miktarlarda bulan isletmecilerin orani
%80.95, cadir agillarin standart agillardan daha az masrafli oldugunu
disiinen isletmecilerin oram ise %19.05 olmustur.

ABSTRACT

The cost of making barns for sheep breeders has decreased with the
spread of modern tent pens, which are insulated, adequately ventilated,
easy to install, and inexpensive. In this context, it is aimed to examine
the problems of the breeders by conducting surveys and on-site
investigations in the sheep farms in tents around Yozgat province. In
addition, it is desired to determine the positive or negative aspects of
using tents and to reveal their current situation. While 90.48% of the
owners of sheep breeding in tents stated that they are structurally
satisfied with the tent-type breeding and tent barn, 76.19% of them
stated that there is condensation (humidity) in their enterprises, and
they are uncomfortable with this situation. The ratio of the operators who
found the tent barn operating expenses to be the same as the expenses in
the traditional barn was 80.95%, and the rate of the operators who
thought that the tent barns were less expensive than the traditional
barns was 19.05%.
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GIRIS gecmisten beri korumaktadir (Kaymaker ve ark.,

Artan niifusa paralel olarak gelisen hayvancilik
sektorl igerisinde koyunculuk her dénemde yerini ve
6nemini korumusgtur. Ki¢iikbag hayvan yetistiriciligi
kirsal alanlarda ve nispeten daha diigiik maliyetlerle
yapilabilecek bir hayvancilik sektoriidiir. Dolayisiyla,
kiicikbas hayvancilik, yapis1 bakimindan kirsal
kesimin 6nemli gida ve gelir kaynag: olma 6zelligini

2005). Hayvansal iiriinlerin iiretimi sirasinda isletme
giderlerinin en fazla paym yem giderleri
olusturmaktadir (%60-70) (Boga & Cevik, 2012).
Tirkiyede meraya dayali ekstansif koyunculuk
igletmeleri, daha yaygin oldugundan, birim maliyet
bakimindan en fazla gelir getiren tiretim kolu olarak
goriilmektedir (Boga & Secer, 2015). Onceleri genelde
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gocer koyuncularin kullandigi ¢adir agillar, son
yillarda olduk¢a yaygin hale gelmigstir. Yalitimli,
havalandirmasi yeterli, kurulumu kolay ve ucuz olan
modern c¢adir agillarin yayginlasmaya baslamasiyla
koyun yetistiricilerinin agil yapim masraflar
azalmigtir. Son  zamanlarda c¢adir agillarin
yayginlasmasi ile birlikte modernizasyona imkan
saglanmig, yemlik ve suluklarin entegre edilmesi de
cadirlar ile birlikte desteklenmigtir. Tirkiye toplam
kiiglikbag hayvan varligi 2020 yih itibariyle 54152160
bas ve bu rakam icinde koyun sayis1 ise 42166315
bastir. Yozgat ili Turkiye koyunculugunun %0.85’ine
sahip olup ilin toplam kii¢iikbas hayvan varhg: ise
414230’dar. Bu sayimin 357743 bas1 koyun, 56487 bas
ise kecidir. Ilde yogun olarak Akkaraman ve melezleri
(356624 bas), cok az da (1119) Merinos 1rki
beslenmektedir- (Anonim, 2020a; Anonim, 2020b).

Beton sisteme gore 6-7 kat daha ucuz olan cadir
sisteminin, galvanizli, birbirine ge¢cmeli demir iskelet
uzerine yapilandirildigi, olduk¢a ekonomik olup
istenirse baska yere tasmmabilecegi ve kurulumun
yaklagik 10 giinde Dbittigi bildirilmistir (Ozdogan,
2019). Cadir tipi agillar betonarme yapilara kiyasla,
kurulum masraflarinin azalmasina ve buradan
artirillan miktarlarin yem masraflari, hayvan saghg,
barinak i¢i sistemlerin vb. konulara aktarilmasi gibi
bir¢cok avantaja olanak saglamaktadir. Cadir agillar
temelde c¢elik  konstriksiyon tUzerine branda
kaplanmasi1 esasina dayanir. Saglam bir cadir ilk
olarak i¢ ve dig galvanizli iskeletten yapilmaktadar.
Cadirlarin i¢ ve dis brandalarinda anti bakteriyel
ozellikli malzeme kullanilmasi ise i¢ ortamin dogal ve
daha saghkli olmasini saglayacaktir. Kaliteli branda
ve yalitim malzemeleri ile kaplanan, yeterli
havalandirma imkanina sahip ¢cadir barinaklar kis ve
yaz aylarinda hayvanlar igin uygun ortam
olusturmakta ve zeminde toprak, parke tasi gibi
istenilen malzemeler kullanilabilmektedir. Alexander
ve Lynch (1977), yiiriittiikleri calismalarinda, ¢adir
tipi  barinaklarin kuzu biliyimesinde c¢ok etkin
oldugunu, 650 m*lik alanda makasl sistem c¢adir ve
yalitim acgisindan sandvi¢ panel cadir sisteminin
avantajl oldugunu ifade etmiglerdir. Ozdogan (2019),
cadir barinak sisteminin kiralanan araziler ustiine
kurulabildigini ve 1istenildiginde sokiilip tekrar
kurulabildigini = bildirmistir.  Ayrica, kurulum
masrafinin daha az olmasi ve bir mobil barinak 6zellik
gostermesi nedeniyle ¢adir barinaklarin betonarme
barinaktan ¢ok daha ustin oldugunu belirtmistir.

Aragtirmaci, cadir barmnak sistemlerinin
yayginlasmasini, bu konuda daha c¢ok arastirma
yapilmasini ve kullaniminin artirilmasini
onermektedir.

Maliyet konusu ve yetistiricilik tipinin se¢imi
noktasinda Tirkiyede giderek popilerligi artan ¢adir
yapilarin kullamilmas1 yayginlasmaktadir (Ozdogan,
2019). Genis mera alanlarina sahip olan Yozgat ili
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cografi agidan hayvanciligin gelismesine uy—-gun bir
yoredir. Ildeki hayvancilik isletmelerinin biiyiik
oranda  kugik  Olgekli  aile  igletmelerinden
olusmaktadir (Ermetin, 2020). Yozgat cevresinde ¢cadir
agillar yore kosullarinda daha ekonomik ilk yatirim
giderleri ile koyunculuk yapilabilmesi adina tercih
edilmektedir. Ildeki hayvancilik ayr1 bir faaliyet
olmayip, bitkisel {iretim faaliyeti ile Dbirlikte
yapilmaktadir (Ermetin ve ark.,, 2018). Mera
alanlarinin verimli sgekilde kullanilmamasi, girdi
maliyetlerinin yuksekligi ve c¢oban teminindeki
sikintilar nedeni ile koyun varliginda gozlenen
dismeler son  yillarda  verilen  koyun-keci
desteklemeleri ve uygulanan projeler ile artmaya
baslamistir (Tifekei, 2020). Calismamizda, Yozgat
ilinde yayginlagma egiliminde bulunan ¢adir agillarin
koyun yetigtiriciligine uygunlugu, karsilasilan
sorunlar ile ¢6ziim yollarinin belirlenmesi ve elde
edilen veriler 15121 altinda yorede gelecekte yapilacak
cadir tipi agillarin genel planlama ilkelerinin tespiti
amaclanmistir. Calisma, Yozgat ili kapsaminda, ¢adir
agillardaki mevcut durumun, isletmecilerin
tutumunun ve sorunlarinin yerinde belirlenerek
ortaya konulmasi bakimindan o6nci olarak; hem
yetigtiricilere hem de bu konuda c¢alisacak
arastirmacilara kaynak imkéani sunmaktadir.

MATERYAL ve METOD

Konya Ovas1 Projesi Bolge Kalkinma Idaresi (KOP)
tarafindan Orta Anadolu Bolgesinde desteklenen ¢adir
agillar icerisinde, Yozgat ilinde bugiine kadar 30 ¢adir
agila destek verilmigtir. Arastirma kapsamindaki
¢adir agillarin hepsi KOP hayvancilik desteklemeleri
icindedir ve 2020-2021 yillar1 arasinda proje
kapsaminda %70 veya %80 oraninda hibe ile
desteklenmigtir. Dolayisiyla, c¢alisma esnasinda
Yozgat ilinde kurulu cadir agil sayisi toplam 30 adet
olup, ilin 4 ilcesinde (Merkez, Sefaatli, Sarikaya ve
Yenifakill)  bulunmaktadir. Agillar, projelerin
sartnamesinde belirtilen 6zelliklerde (sicaklik ve nemi
gecirmeyen branda ile kapli, 2 kat izolasyonlu, belli
sayida havalandirma bacalari, pencereleri vb.) olan,
soguga ve sicaga karsi direncli yapilardir. Cadar agillar
her ilcede farkl sartname ve farkli firmalar tarafindan
yapildigindan, kalite ve  ebatlarn  farkldir.
Arasgtirmada isletmecinin kabuli ve katilimi bir kisit
olarak kargimiza ¢iktigindan saglikli anket uygulanan
nihai igletme sayis1 21 olarak belirlenmig ve belirlenen

cadir agil koyunculuk igletmeleri 1ile c¢alisma
tamamlanmigtir. Arastirmada c¢adir agilda koyun
yetigtiriciligi yapan igletmecilere uygulanan

anketlerden elde edilen birincil veriler ana materyal
olarak kullanilmigtir.

Calismada ikincil veri olarak devlet kurumlarina ait
istatistiki bilgiler ve literatir bilgileri kullanilmigtir.
Caligmanin yapildig1 Yozgat ili I¢ Anadolu Bélgesinde
yer almaktadir. Il, deniz seviyesinden ortalama 1300
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metre yiksekliktedir ve karasal iklim hikim
sirmektedir. En sicak ay Temmuz ay1 ve sicaklik
ortalamas1 19.2°C’dir. En soguk ay olan Subat ayi
sicaklik ortalamasi -2.1°C’dir. Kig aylarinda sicaklik -
24°C’ye kadar diusmektedir. Ortalama olarak yilin 108
giinunde sicaklik 0°C'nin altina dusger. Ortalama donlu
glin sayist 121-140 giin arasindadir. Yillik yagis
ortalamasi1 472 mm’dir. Ortalama nisbi nem ise
%66'dir (Anonim, 2020c).

Anket calismasi1 ve igletme ziyaretleri yapilirken
Yozgat Bozok Universitesi Etik kurulundan 28/08
karar numarasi ile alinan etik kurul onay:1 kararlari
titizlikle  uygulanmigtir  Verilen cevaplar ile

gozlemlerin uyusmadigr durumlarda sorular farkl
sekillerde yinelenerek dogru yargilara ulasilmaya
caligilmigtir. Verilen cevaplarda standart yakalamak
adina mimkiin olan sorulara stire ve siklik birimleri,
siklar ve onem dereceleri eklenmigtir. Elde edilen
anket sonucglari, o6l¢imler ve yapilan gozlemler
yorumlanarak sunulmustur. Benzer bir sekilde anket
¢alismasimin  yuratildigi isletmelerde glbreyi
bosaltma gekli ve sikligi arasindaki ki kare bagimsizlik
testi yapilmistir.

Etit edilerek anket uygulanan igletmelerin yoéredeki
dagilimi Cizelge 1’de verilmistir.

Cizelge 1. Anket yapilan isletmelerin il¢elere ve kdylere gore dagilimi
Table 1. Distribution of surveyed enterprises by districts and villages

Ilgeler
Sefaatli Sarikaya Yenifakil Merkez
Kaéyler
Cigekler (1) Catak (1) Bektasgl (2) Kuscu (1)
Akcami (1) Babayagmur (3) Merkez (3) Incecayir (1)

Akbucak (2)
Toprakpinar (1)

Hamzal (1)

Kuzeyca (1)

Giilistan (1)
Kabacaoglu (1)

Azizlibaglar1 (1)

BULGULAR ve TARTISMA

Isletme Sahipleri, Ag1l Ingas1 ve Caliganlar ile Ilgili
Bilgiler

Tamami erkek olan igletme sahiplerinin yas dagilimi
incelendiginde 30-40 yas aras1 %28.57, 41-50 yas arasi
%57.14, 51-60 yas aras1 olanlarin ise %14.29 oraninda
oldugu gorulmis, isletmeci yas ortalamasi ise 45
olarak hesaplanmigtir. Isletme sahiplerinin egitim
durumlar1 %52.38 ilkokul, %28.57 ortaokul, %14.29
lise, %4.76 ise universite mezunu olarak
belirlenmigtir. Cadir agil konusundaki is tecrubeleri
farklhihik gostermektedir fakat en yiiksek oran %76.19
ile bu isi ¢ocuklugundan itibaren yapan, baba meslegi
oldugunu sdyleyen igsletmecilere aittir. Bu oram
%19.05 ile 11-19 yil arasi, %4.76 ile 1-5 yil aras: is
tecriibesine sahip olanlar takip etmistir. Cadir agildan
baska hayvancilik igletmesi bulunmayanlarin oram
%61.9°dur. Cadir agilla birlikte geleneksel kiiciikbag
agili olanlarin oram ise %38.1’dir. Bunun diginda
kiiciikbas hayvancilikla beraber 1-10 bag arasinda
biiylikbas hayvani olanlarin oranmi %33.33 iken daha
kapsamli bir biiylikbas hayvancilik igletmesine sahip
olanlarin orani ise %4.76 olmustur. Kendilerine ait
sadece 1 adet cadir agilhi bulunan igletmeci orani
%61.90, 2 adet %23.81, 3 adet %9.52 ve 4 adet ¢adir
agih  bulunan igletmeci orami ise %4.76dir.
Isletmecilerin  %80.95'1  hayvancilik  konusunda
herhangi bir egitim almadiklarim belirtmistir. Cadir
agillar ¢aligan isgiicli sayilar:1 bakimindan; bir kisinin
(%9.52) iki kisinin (%38.10), ii¢ kisinin (%33.33), dért
kisinin (%14.29) ve 6 kisinin (%4.76) calistig
igletmeler olarak simiflandirilmigtir. Calisan 3 kisilik
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gruplar1 “isletmecinin kendisi-oglu/yegeni-coban” ve
“kendisi-esi-oglu/yegeni” geklindeki aile bireyleri
olustururken 2 kigilik gruplar1 ise “igletmecinin
kendisi ve ¢oban/esi/oglu/yegeni” seklindeki bireyler
olusturmaktadar.

Cadir agillarda en yogun emek gerektiren baglica
aktivite olan koyun bakimini {istelenen kisiler de
degisim gostermektedir. Koyun bakimini tistlenen
kigiler ¢ogunlukla “igletmecinin kendisi ve s6zi edilen
aile fertleri” (%52.38) olurken bu oram “isletmecinin
kendisi ve c¢oban” (%38.10), “sadece isletmecinin
kendisi” (%9.52) simflandirmalar1 takip etmektedir.
Isletmelerin %57.14inde yabanci uyruklu cobanin
bulunmadigi; gobani olan igletmelerin %38.10unda
Afgan, %4.76’sinde ise Suriyeli ¢oban oldugu ifade
edilmigtir. Yabanci uyruklu c¢obanlarin %28.57’si
kendi tlkelerinde ilk6gretim seviyesinde egitim almaisg,
%66.67’s1 egitimsiz, %4.76’s1 ise yine kismen egitimli
fakat hi¢ Turkge bilmeyen bireylerden olugsmaktadir.
Asil ge¢im kaynagini “bitkisel tiretim ve hayvancilik
(kiiclikbas, biiyiikbasg)” olarak belirten isletmeci orani
%19.05, “sadece gadirda koyunculuk” olarak belirten
%33.33, “bitkisel tretim ve c¢adirda koyunculuk”
olarak belirten igletmeci orani ise %47.62 olmustur. Bu
oranlardan igletmecilerin asil gegim kaynaginin ¢adir
agilda koyunculuk oldugunu séylemek mumkindir.
Cadir agillardan memnun olan ve igletmesini yeni
cadir agillarla buyiitmek isteyen yetistiricilerin orani
% 85.71 olmustur. Isletmesini genigletmek veya
hayvan sayisini arttirmak isteyen igletmecilere bunu
nasil  gerceklestirecekleri soruldugunda %61.11
oraninda igletmeci; igletmeyi genigletecek biitgelerinin
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suan bulunmadigini, butceleri oldugunda bunu
gerceklestirebileceklerini  sdylemistir.  Her  yil
isletmeye belirli sayida yeni hayvan alarak igletmesini
genigletmeyi dusinen igletmeci oram1 %16.67,
herhangi bir Dbilitge veya plan belirlemedigini
soyleyenlerin orani %11.11, kullanabilecegi kredi
sartlarina gére plan yapabilecegini belirtenlerin orani
%5.56 olmustur. Yorede ¢adir agillarin aktif olarak
faaliyet gosterdigi siire 2 yil olarak belirlenmigtir.
Cadir agilini1 2019 yilinda yaptirarak koyunculuk
yapmaya baglayanlarin orani %71.43; 2020 yilinda
yapanlar ise %28.57 olmustur. 2019 yilinda bir ¢adir
agil yapimi i¢in yetistiricinin 6dedigi en ylksek bedel
15000 TL, en dusiik bedel 4700 TL iken; 2020 yilinda
bu rakamlar sirasiyla 9400 TL ve 4600 TL olarak
bildirilmigtir. 2020 yilinda malzeme ve iscilik
Ucretlerinin artmasina ragmen c¢adir agil yapimi
ingasinda kargimiza ¢ikan tablo yapilan harcamanin
azaldigi yonindedir fakat bu sonug irdelendiginde
rakamlarin yaniltici oldugu dustntlmustar. 2020
yilinda c¢adir agil insasina baglayan isletmecilerin
agilin ingasi i¢in ellerinde hali hazirda malzeme
bulundugu, yapima kismen daha 6nce baslandigi ve
parca parca surdiriilerek tamamlandigi veya agil
kapasitesinin oldukca diisiik olmasi nedeniyle daha
diisik maliyetlerin yansidigi gérulmustir.

Cadir Agillarin Yapisal Ozellikleri

Cadir agillarin yapim ihale sartnamesinde; “Cadir
agilin yan yluksekligi en az 1.65 metre, orta yuksekligi
en az 4.30 metre, cadir 6n ve arka kapilarin girig
genigligi en az 2.4 metre, yiksekligi en az 2.8 metre
anahtarl, kilitlenebilir brandali kap1 olmalidir. Cadir
agillarin kurulumu tamamlandiginda distan digsa en
az 8 metre geniglige, 31.5 metre uzunluga ve en az 850
m?® i¢ kullanim hacmine, sahip olacak sekilde
planlanmalidir. Ayrica, agilin kapi olan alin
kisimlarinda ii¢c katmandan olusan ve 650 (+50) gr m2
dis branda ile 320 (+20) gr m2 bir yiizeyi PVC kapl i¢
branda arasmna 220 gr m?2 (£20) bizofol aba

Cizelge 2. Cadir agillarda bulunan suluk tipleri
Table 2. Drinker types in tent barns

kullanilarak izolasyon uygulamasi yapilmali ve bu g
malzemenin kenar kisimlari sicak presle birbirlerine
yapistirilarak kapatilmalidar. Cadir agilda
havalandirma amagcli, tepe kisminda 2 metre aralikla,
en az 30 cm c¢apinda galvanizli sacdan uretilmis,
branda tzerini kapatacak sekilde sac sapkali ayrica
tepe noktasindan yagmur sapkali havalandirma
bacasi bulunmalidir” ibarelerine yer verilmektedir
(Anonim, 2020a).

Cadir agil ihale sartnamesinde s6zi edilen maddelere

ragmen; yapim asamasinda asgarl sartlarin
olusturulmasi, dugik kaliteli malzeme kullanimai,
arazi egimi, kod farki gibi hususlarin dikkate

alinmamasi, baca ve pencerelerin 6zensiz yapilmasi,
toprak zeminin sikigtirilmamasi gibi hususlarin ihmal
edildigi gorulmistir. Bundan dolay: baz igletmelerde
terleme, havalandirma sorunlari, giris ¢ikis zorluklari
gibi sorunlarin oldugu ve kalite farkinin igletmelere
gore degistigi gozlemlenmigtir. Cadir agillarda koyun
yetistiriciligi faaliyetini stirdiiren isletme sahiplerinin
%90.481 cadir tipi yetistiricilikten ve c¢adir agildan
yapisal olarak memnun olduklarimi ifade ederken

%9.562’s1  ise ¢adir agllarin  yapisal olarak
beklentilerini kargilayamadigini belirtip memnun
olmadiklarin dile getirmiglerdir. Cadirlarin

tamaminda zemin toprak olup herhangi bir yalitim
malzemesi veya altlik kullanimi gorilmemistir.
Sadece 1 adet agil egimli arazi tizerinde ve disiik bir
egimle inga edilmigsken geri kalan agillarin tamamai
diiz arazilerde insa edilmigtir.

Isletmelerin tamaminda yemlikler agil icerisinde
konumlandirilmig olup, yemlik malzemesi igletmeler
arasinda farklilik géstermektedir. Yemlik kapasiteleri
%80 oraninda yeterli bulunmustur. Cadir agillarda
hayvan i¢cme suyu kaynaklar: olarak %66.67 oraninda
sehir sebeke suyu, %28.57 oraninda kuyu suyu, %4.76
oraninda ise kaynak suyu kullamilmaktadir. Cadir
agillarda kullanilan suluklar ve hayvanlarin su igme
sekilleri farklilik gostermektedir. Suluklarla ilgili
bilgiler Cizelge 2’de verilmektedir.

Suluk tipi

Cadir agil sayisi

Cadir igerisinde bulunan, giinde 2-3 kere kovalarla doldurulan suluk

Cadir igerisinde bulunan samandirali suluk

Cadir icerisinde bulunan, vanali borularla bittik¢e doldurulan krom suluk
Cadir disinda bulunan, ginde 2-3 kere kovalarla doldurulan suluk

Cadir disinda bulunan samandirali suluk

Cadirda suluk yok. Hayvanlar giinde en az 2-3 kere koytin icine, kdye ait ortak hayvan

yalaklarina gotiiriiliyor.

Cadir cevresine inga ettigi havuzu giunde en az 2 kere borularla dolduruyor.

8

=W o

1

Koylerinde igme suyu sikintisi olmayan igletmecilerin
tamami1 c¢adir igerisinde veya disinda suluk
yaptirmigtir. Igme suyu sorunu olan kéyde ise ¢adir
agil sahibi agil icerisine veya c¢evresine suluk
yaptiramadigini bu nedenle hayvanlarini koy igerisine
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gotiirerek koye ait ortak hayvan yalagindan su
igmelerini sagladigini  belirtmigtir. Mevcut suluk
sisteminden memnun olanlarin orani %76.19 memnun
olmayanlarin orani ise %23.81’dir. Suluklarindan
memnun olmayanlarin tamamini su doldurma
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islemini kendi isglici 1ile yapan isletmeciler barindirilmaktadir. Cadir icerisinde farkh
olusturmaktadir. Cadir agillarin icerisinde donemlerdeki hayvanlari veya dogum yapan
hayvanlarin barindirilma durumlari da incelenmigtir. hayvanlar1 birbirinden ayirmak maksadiyla ek
Agilin icinde herhangi bir ek boélme olmayan b6lmesi olan igletme orami ise %14.29dur. Ek

igletmelerin orani %85.71 olmustur. Bu igletmelerde
tim hayvanlar ayni b6lme icerisinde

Cizelge 3. Cadir agillardaki ek bélme durumlari
Table 3. Additional sections situations in tent barns

bolmelere iligkin bilgiler Cizelge 3’te verilmektedir.

Ek bolme tipi

Mevcut durumu

Cadir agil sayis1

Cadir agil icerisinde ek bolme durumu
Dogum boélmesi
Kuzu bolmesi

Ek bélme var
Dogum boélmesi var
Kuzu bélmesi var

3
8
7

Cadir agil icerisinde dogum bdlmesi olarak ayrilan
kisimlar igletme sahibinin briket ve palet gibi
malzemelerle duvar 6rmek veya cit benzeri bir yapi
olusturmak suretiyle ayirdigi b6lmelerden
olusmaktadir. Kuzu bélmeleri de yine palet ve sac gibi
malzemelerle igletmeci tarafindan olusturulmus
bélimlerdir. Koyun barinaklarinda, kuruya ¢ikarilmig
koyun ve koclar i¢in hayvan basina 1-1.2 m2, gebe
koyunlar i¢in 1.2 m2, bir kuzulu koyun i¢in 1.8 m?2, iki
kuzulu koyun i¢in 2.2 m? alan énerilmektedir (Kumova
& Giirsoy, 1990). Isletme sahipleri ¢adir i¢inde ayri
b6élmeler olmamasindan kaynaklanan kuzu &limi
olmadigini bildirmiglerdir ancak agil igerisinde
sikisma veya ezilme kaynakli hayvan kaybi olup
olmadig1 soruldugunda ise bu sekilde 2 kuzunun
o6ldugini sOyleyen 3 isletme sahibi olmustur. Bu
durum birbiri ile uyumsuz bulunmustur. Uyumsuzluk
sebebi olarak igsletme sahiplerinin hayvanlar icin

ayrilmasi gereken alanlara yeterli 6nem géstermedigi
veya durumun asil sebebinin farkinda olmadiklar
dustnulebilir. Cadirlarin uzun eksenine gore yonleri
incelendiginde 11 adet isletmenin dogu-bat1 yoniinde,
10 adet 1isletmenin ise kuzey-gliney yoniinde
konumlandirildig1 tespit edilmigtir. Agil igerisinde
optimum ¢evre kogullarinin saglanmasi i¢in pencere
bogluklari ve yeterli havalandirma bacalarn
planlanmalidir (Okuroglu & Yaganoglu, 1993). Cadir
agillarin tamami baca ve pencereler yardimiyla
havalandirilmaktadir. Cadir ebatlari, bacalara ait say1
ve cap bilgileri, pencere boyut bilgileri ile pencere
sayllarina ve igletme sayilarina iligkin bilgiler Cizelge
4’te sunulmustur. Cadir agillarin en, boy, yukseklik
Olctuleri birbirinden olduk¢a farkli bulunmustur.
Ortalama baca sayis1 16 adet, ortalama pencere sayisi
12 adet, pencerelerin yerden ortalama yiiksekligi 99
cm, ortalama baca capr degeri ise 28 cm olarak
hesaplanmigtir.

Cizelge 4. Cadir edatlar ile agillardaki bacalara ve pencerelere iligkin bilgiler
Table 4. Information on tent barn sizes, chimneys and windows in tent barns

Cadir agil ebatlar

Geniglik xUzunluk x Orta yiikseklik(m)  8x18x5 8x(28/30/32)x5  8x(31/32)x4 8x32x4.5 8x32x6 12x30x5 8x36x5
Cadir agil sayis1 2 8 2 3 1 1 4
Cadir agillardaki baca sayilar: ve caplar:
Baca sayis1 (adet) 10 10 12 12 12 16 4 8 6 7 7 9
Baca ¢ap1 (cm) 25 30 25 30 35 25 30 30 30 25 30 25
Cadir agil sayis1 3 8 1 1 1 2 1 1 1 1 1 1
Cadir agillardaki pencere sayilar ve caplari
Pencere boyutlar: (cm) 0.30%0.50 0.30%0.60 0.35%0.50 0.40*0.40 0.40*0.60 0.40%0.80 0.40*1 0.50*0.50 0.50%0.80
Cadir agil sayis1 1 1 1 9 1 4 2 1 1
Cadir agillarda bulunan toplam pencere sayilari
Pencere sayisi (adet) 10 12 14 16
Cadir agil sayis1 6 8 4 3

Cadir agillarda bulunan pencereler ¢adirin karsilikli
uzun kenarlari iizerine egit sayida yerlestirilmistir.
Isletmelerdeki pencerelerin yerden yiikseklikleri
6lctildigiinde 1 adet igletmede yerden 60 cm yiiksekte,
4 adet isletmede yerden 80 cm yliksekte, 10 adet
igletmede yerden 100 cm yiiksekte, 1 adet igletmede
yerden 110 cm ylksekte, 5 adet igletmede ise yerden
120 cm yiksekte yapildigi tespit edilmigtir.
Isletmelerdeki pencerelerin yerden yiikseklikleri,
acilma yonleri ve sayilari ile baca sayilar1 ve gaplari
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hem havalandirma tzerinde hem de aydinlatma
tizerinde dogrudan etkisi olan baglica parametrelerdir.
Isletmelerin sadece 3’inde igeride, yeterli hava
akiminin saglandigr ve havanmin direkt hayvanlarin
uzerine vurmadig tespit edilmigtir. Cadir agillarin
timinde aydinlatma lambalar ve pencereler ile

saglanmaktadir. Isletmelerin tamaminda
aydinlatmalar yeterli bulunmustur ve igletme
sahiplerinin tamami da aydinlatmanin yeterli
oldugunu ve memnun olduklarini belirtmistir.
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Agildaki havalandirmanin yeterli olup olmadig1 ve
yetersiz ise ek oOnlemlerin ne olmas1 gerektigi
konusunda goriisi  sorulan igletme sahiplerinin
%23.81'1 (5 isletme) havalandirmanin yeterli oldugunu
soyleyerek herhangi bir ek igsleme gerek duyulmadigini
bildirmistir. Isletmecilerin %42.86’s1 (9 igletme) yeterli
havalandirma i¢in baca sayis1 arttirilmali derken,
%14.29u (3 isletme) bacalarin yeniden diizenlenmesi,
pencerelerin yerden daha yiiksek olmasi ve tek yonli
acilmasi, agil yuksekliginin daha fazla olmas1 ve
yalitima daha ¢ok dikkat edilmesi gerektigi seklindeki
onerilerde bulunmuslardir. Geri kalan %19.05 (4
isletme) oranindaki isletme sahibi ise kapilara da
vurgu yaparak sozi edilen tiim tedbirlerin ayni anda
ve c¢ok daha dikkatle alinmis olmasi1 gerektigini
soylemigtir. Tarimsal yapilarda tek veya c¢ift kanatlh
kapilarin kanat geniglikleri genellikle 90-100 cm,
yikseklikleri 190—200 cm’dir. Kapilar genellikle diga
acilmakla beraber, duruma gore ige de agilabilirler
(Ekmekyapar, 1997). Sisman ve ark. (2009), Bolu
ilinde kiicikbag hayvancilik igletmelerinde yaptiklar

Sekil 1. Agillarin yapisal durumlarina iligkin gérseller

Figurel. Images of the structural conditions of the barns
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Sekil 2. Cadir agillarda goriilen temel problemler
Figure 2. The basic problems seen in tent barns
Cadir agil isletme sahiplerinin %76.19'u
igletmelerinde  yogusma (nemlenme) oldugunu

belirtmis ve bu durumdan rahatsiz olduklarini dile
getirmiglerdir. Pencere alaninmi taban alanina orana,
soguk bolgelerde %3-5, kismen 1lik gegen bdélgelerde
%7 olarak onerilmektedir (Tekinel ve ark. 1988;
Kirnak, 1992). Yetersiz havalandirmali barinaklarda
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caligmada agillarin %9.5’inde ¢ift kapi, digerlerinde ise
tek kap1 bulundugunu, agillarin kapilariin yiiksekligi
200 cm dolayinda oldugunu bildirmiglerdir. Agil icinde
giibrenin her gin disar1 cikarilmasi halinde kapi
acikhigr yiksekligi 200 cm, giibrenin agil tabaninda
birikmesi halinde ise 240- 280 cm olabilir (Alkan,
1972).

Havalandirma yetersiz oldugunda barinak igerisinde
nefes alma glglesir, gozlerde ve burunda yanma
gorilebilir. Cadir agilda havalandirmanin yetersiz
oldugunu séyleyen isletme sahiplerinin orani ile bu
deger karsilastirildiginda sonugclar uyumsuz
bulunmusg isletmecilerin durumun farkinda
olmayabilecegi veya bu durumu ihmal ettigi kanisina
varilmigtir. Anket uygulanan agillara iligkin genel
gorinimi  temsil eden gorseller Sekil 1’de
verilmektedir.

Isletme sahiplerine isletmelerinde yasadiklari en
onemli problem soruldugunda verilen cevaplar Sekil
2’de gosterilmistir.

Yeotorsia
Havalandoma

e Yo

sujman

en ciddi sorun barnak i¢i durgun havasinin zamanla
daha sicak ve daha nemli duruma gelmesi ve bunun
sonucunda hastalik yapan mikroorganizmalarin,
tozlarin ve amonyak gibi zararli gazlarin
konsantrasyonunun artmasidir (Paksoy ve ark. 2006).
Yogusmadan sikayet¢i olan igletmecilere agilin i¢ginde
yogusmanin gorildugu yerler ve yogusma sebepleri
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sorularak verilen cevaplar Sekil.3'de ve Cizelge 5'de
gosterilmigtir.

Koyun Yetigtiriciligi

Cadir agili igletmelerin mevcut hayvan sayilar:
Sekil.4’te ayrintih olarak gosterilmektedir.
Isletmecilerin  cevaplarina gore, genel olarak,
hayvanlarin meradan agila geldiklerinde
yemlenmeleri saglanmaktadir. Ancak yemleme
asamasinda hayvanlarin glinlik rasyonlarinin
olusmas1  sirasinda  igletmeler arasinda  bir
senkronizasyon saglanamadigi gibi gunlik verilen
miktarlarin  c¢iftlikler arasinda farkli oldugu
belirlenmigstir. Hayvanlara Yozgat bolgesinde verilen
yem hammaddeleri olarak farkh firmalardan alinan
koyun siit yemi, toklu yemi ve kuzu bluylitme yemleri
sayilabilir. Ayrica enerji ve protein katkilar: da ayr:
yem hammaddelerinden saglanmaktadir. Arpa ve
bugday kirmasi veya karisimlari, misir, nohut
karisimi, arpa, bugday, arpa ezmesi, aycekirdegi

kispesi kesif yem hammaddeleri olarak verilirken,
kaba yem olarak pancar kiispesi, torba bugday samana,
yonca samani, bugday ve yonca samani karigimi, misir
silaji, fig samani verilmektedir.

Sekil 3. Cadir agillarda yogusmanin en sik gorildiagi
yerler

Figure 3. Places where condensation 1s most common
in tent barns

Cizelge 5. Cadir agillarda goériilen yogusmanin olasi sebepleri

Table 6. Possible causes of condensation in tent barns

Yogusma sebebi Cadir agil sayisi Oran (%)
Baca-pencere sayisi yetersiz 5 31.25
Havalandirma arttirilmali/yeniden diizenlenmeli 3 18.75
Baca-pencere agikliklar: yeniden diizenlenmeli 1 6.25
Yalitim yetersiz/agil yap1 malzemeleri kalitesiz 5 31.25
Havalandirma agikliklar: yeniden diizenlenmeli 1 6.25
Iceride olmas1 gerekenden fazla hayvan var 1 6.25

SRR R
® Kovun Savisa 25 .~. . |

® Kuzu Say ) 200 150 8 15 ) 8

Sekil 4. Cadir agillardaki hayvan sayilar:
Figure 4. Animal numbers in tent barns

Teoride bu yem ham maddelerinin veriliyor olmasi
olumlu iken hayvan basina ne kadar veriliyor
sorusuna net bir cevap alinamamasi ise bu yem
hammaddelerinden hayvanlarin ihtiyaglarinin ne
6lctide karsilanabildigini agiklayamamaistir.

Agillarda gériilen koyun rklar1 Akkaraman (%66.67),
Akkaraman-Kangal (%28.57) ve Akkaraman-
Morkaraman bir arada (%4.76) olarak belirlenmistir.

Hayvanlarin merada kalma strelerine iligkin
cevaplarin neredeyse tamami gece merada kaldiklar
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yonundedir. Sadece bir igletme sahibi hayvanlarin
merada kaldiklar: slire i¢in 16 saat, bir diger igletme
sahibi de tim giin cevabini1 vermistir. Merada kalma
periyotlar: “Mart-Kasim/Aralik, Nisan-
Ekim/Kasim/Aralik  ve  Subat-Aralik” seklinde
belirlenmigtir. Bu periyotlar i¢ginde kag¢ ay ¢cadir agilda
kalindigina iligkin bilgiler Cizelge 6’da goriilmektedir.
Isletme sahiplerinin tamami merada hayvanlarin
yedikleri ekstra yem olmadigimi séylemistir. Cadir
agilda koyun banyosu bulunan igletme sayis1 1
olmustur. Digerleri banyo yerine ag1 ve ilag
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uyguladiklarini belirtmiglerdir. Dig parazit i¢in 6nlem
amaciyla, koyun banyolugu olmayan ve ilag ya da as1
uygulamasi yapmayan isletmeler de mevcuttur.

Cizelge 6. Hayvanlarin cadir agilda kalma stireleri
Table 6. Duration of animals in barns

Ilaglama ve asilama uygulamalarina iliskin bulgular
Sekil 5’te verilmigtir.

Cadir agilda kalma siireleri (ay) 3 4 5 4-5 6 7 8 12
Verilen cevap sayist 2 11 3 1 1 1 1 1
B - -

Sekil 5. Cadir agillarda yuritilen ilaglama ve asilama uygulamalari
Figure 5. Spraying and vaccination practices carried out in tent barns

Sekil 5te mavi renkli stitunlar agil i¢inde yapilan
ilaclama sayilarini, yesil vrenkli stGtunlar ise
hayvanlara uygulanan as1 ve ilag¢ tercihlerini temsil
etmektedir. Cadir agil i¢indeki ilaglamalarin tamami
isletme sahibi tarafindan, sirt pompasi ile ¢adir i¢ine
ila¢ puskirterek sonbahar veya ilkbahar aylarinda
yapilmaktadir. Hayvanlara uygulanan agi ve ilag
tercihlerinde ise veterinere danisilarak islem yapildig:
beyan edilmistir. Hayvanlara bit, pire, i¢/dis parazit
icin ve c¢esitli hastaliklarda tedavi veya 6nlem amagh
ilag ve as1 uygulamalar1 yapilmaktadir. Isletme
sahipleri, hastaliklar ve hayvan 6liimleri ile ilgili net
cevaplar vermemislerdir. Cadir agillarda salgin
hastalik goriilmedigi de belirtilmigtir. Isletmelerde
koyun kirkimlarimi %57.14 oraninda isgletmecinin
kendisi yapmaktadir. Bu oranm1 %38.10 ile
kirkimeilarin yaptigi, %4.76 ile de ¢obanlarin yaptigi
kirkim iglemleri takip etmektedir. Kirkilan yapaginin
maddi getirisinin az olmasi ve pazarlanamamasi ise
kirkim i¢in sikayet¢i olunan tek sorun olarak
kaydedilmisgtir. Kirkimlar genelde Haziran olmak
uzere Nisan ve Mayis aylarinda da yapilmaktadir.
Cadir agil igletme giderlerini standart agildaki
giderlerle ayn1 miktarlarda bulan igletmecilerin orani
%80.95; cadir agillarin standart agillardan daha az
masrafli oldugunu diistinen isletmecilerin oranm ise
%19.05 olmustur. Isletmeciler tarafindan sene i¢inde
yapilan ekstra masraflar en az 300 TL en fazla 7500
TL ortalama 2300 TL olarak belirlenmigtir. Yapilan
ekstra masraflar ve en yiiksek bulunan strekli gider
kalemi Cizelge 7'de 6zetlenmigtir.

Isletme sahiplerinin tamam devlet tarafindan verilen
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destekleri yetersiz bulmaktadir. Olmas1 veya varsa
destek miktarinin arttirilmas: talep edilen destekler
Cizelge 8'de verilmistir. Bakir ve Mikail (2019), Siirt
ilinde yaptiklar1 c¢alismada, kig¢likbas hayvan
yetistiricilerinin %14 oraninda hayvancilik i¢in verilen
destekten isletmelerin yararlanmadiklarini, genglerin
hayvanciliga tegvik edilmesi, Ureticilerin yetistirme
teknikleri konusunda egitilmesi ve igletmelerin teknik
olarak iyilestirilmesi gerektigini bildirmislerdir.
Hayvansal {rinlerin uretimi sirasinda igletme
giderlerinin en fazla paymi yem giderleri (%60-70)
olusturmaktadir (Boga & Cevik, 2012). Talep edilen
desteklere bakildiginda ¢iftgilerin, yemin hayvan
yetistiriciligindeki 6neminin farkinda olduklar: ancak
yemin birim maliyetinin yliksek olmasindan dolay:
hayvanlara yeterli diizeyde ekstra yem veremedikleri
tespit edilmistir. Anket calismasinda hayvanlarin
merada ekstra yem almadiklarinin goézlemlenmis
olmasi bu durumla ac¢iklanabilmektedir. Ciftliklerde,
koyun siut yemi, kuzu baglangic ve blylitme yemi,
toklu yemi gibi yemlerin ayrimin yapilmadigi da
belirlenmistir. Ancak, hayvanlarin gereksinmelerine
gore besin madde igeriklerinin ayarlanip verilmesinin
6nemi vurgulanmali ve bu konuda yetistiricilerin
aydinlatilmasi gerekmektedir.

Giibre Yonetimi ve Temizlik Uygulamalar:

Cadir agillarin higbirinde agila ait veya agil ¢cevresinde
herhangi bir glibre deposu ya da atik deposu
bulunmamaktadir. Isletme sahipleri agil tabanindaki
giibreyi yilda sadece 1 defa (%66.67) ve ilki bahar
aylarinda olacak sekilde yilda 2 defa (%33.33)
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bosalttiklarini  belirtmislerdir. Bu durum hem
isletmede ¢aliganlar i¢in, hem hayvanlar i¢in hem de
dogal c¢evre bakimindan son derece riskli
bulunmustur. Gibreden olusan sizintilar toprak olan

agil zemininden derine siiziilecek ve toprak
katmanlar1 ile bulusmasi halinde taban sularim
telafisi mimkiin olmayacak sekilde kirletecektir.

Cizelge 7. Cadir agillardaki ekstra harcamalar ve en yuksek giderler

Table 7. Extra costs and highest expenses in tent barns

Ekstra harcamalar

En yiiksek bulunan gider Cadir agil sayis1

Elektrik, su, tadilat, drenaj

Elektrik ve tadilat

Elektrik, su ve kapilara beton dokiimii
Elektrik ve samandirali suluk yapimi
Tadilat ve malzeme yenileme

Elektrik ve briket duvar 6rme
Elektrik ve yemlik yapimi/tadilat:

Elektrik, kamera sistemi kurulumu, tahta padok/yemlik takviyesi

Elektrik ve yem 10
Elektrik 3
Elektrik 1
Elektrik 1

Tadilat ve bakim 2
Elektrik 1
Elektrik 1
Elektrik 2

Cizelge 8. Isletme sahiplerinin devlet destegi talepleri

Table 8. Enterprises owners' requests for government support

Talep edilen destekler

Cadir agil sayisi

Yem ve ¢oban destegi

Yem, ¢oban, alet ekipman ve kuzu destegi
Yem destegi

Yem ve ¢adir agil kurulum destegi

Yem destegi ve koyunculukla ugrasanlarin 1slah projelerine dahil edilmesi

PP O M~

Hayvanlarin  saglik  sorunlari, solunum yolu
hastaliklar: ve performans dustuklugu ile kars: kargiya
kalabilecekleri diistunilmelidir. Giibreyi bosaltma
yontemi olarak %66.67 oraninda kiirek ve insan giic,
%33.33 oraninda ise siyiwrict ve traktor tercih
edilmektedir. Giibre bosaltim siklig1 ve giibre bogsaltim
yontemleri karsilastirildiginda insan giici ile gibre
bogsaltimi yapanlarin %77.13iniin yilda 1 defa bu
islemi gerceklestirdikleri gorulmuistir. Bu
karsilastirma neticesinde, agildan giibre bosaltma
isleminin gerektirdigi isglicii ve emek nedeniyle
isletmecilerin bu iglemi yilda sadece 1 kere yapmayi
tercih ettikleri kanaatine varilmistir. Calisma
yuritilen igletmelerde giibreyi bosaltma sekli ve
siklig1 arasindaki farklilik istatistiksel olarak 6nemsiz
bulunmustur (P>0.01). Cadir agillarin her biri igletme
sahibinin yagsadigi konutun hemen yaninda veya
konuta c¢ok yakin mesafelerde bulunmaktadir.
Hayvanlarin yasadigi agil ile konutlarin birbirine ¢ok
yakin olmasi insan saghg acisindan riskli
bulunmustur. Hayvan  barmnaklarinin;  ylizey
sularindan 50 m, yerlesim yerlerinden 1600 m, g6l ve
benzeri su kaynaklarindan en az 300 m, sulama ve
drenaj kanallarindan en az 100 m, sihhi tesisatlardan
en az 30 m ve tiim tarla i¢i kanallarindan 15 m uzakta
olmas1 o6nerilir (Cayley ve ark., 2004). Isletmecilerin
tamami kendilerinin, varsa calisanlarin ve aile
bireylerinin hayvanciliktan kaynaklanan higbir saglik
sorunu yasamadiklarini séylemigtir. Bu durum da
yetersiz veya sagliksiz barinak i¢ ortam kosullarindan
kaynaklanan saglik sorunlarinin zaman iginde
geligserek ortaya g¢iktig1 veya yasanilan saglik sorunu
ile saghksiz barinak kosullar1 arasinda iligki
kurulamadig: ihtimallerini akla getirmektedir. Cadir
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agillarda gubre bosaltma haricinde stiptirme, tadilat,
bakim gibi rutin temizliklerin veya kontrollerin de
yapildig: bildirilmistir. Bu uygulamalarin siklig1 Sekil
6’da verilmektedir.

Isletme sahipleri agil icindeki meveut durumu; “zemin
kuru ve temiz (%57.14)”, “zemin yer yer siirekli 1slak
ve hijyen yetersiz (%38.10)” ve “zemin devaml 1slak,
yogun gibre yiginlar: ve kokusu var ayn1 zamanda ¢ok
fazla sineklenme” goriiliiyor (%4.76) seklinde
tanimlamiglardir. Zeminde sivi birikimi goriillmedigini
soyleyen igletmecilerin orani ise %76.19 olarak
hesaplanmigtir. Yilda 1 veya 2 defa agildan gubre
bogaltilmas1 ve herhangi bir standart temizlik
rutininin olmamasi durumunda zeminde 1slaklik,
koku, sineklenme, yogun giibre birikimi ve hijyenik
sikintilarin gérilmesi kaginilmaz olacaktir. Zeminin
kuru ve temiz oldugunu beyan eden isletmelerin orani
ile giibre temizleme siklig1 uyumsuz bulunmustur. Bu
durum ise gubreden toprak katmanlarina derine
sizintilar veya buharlasmalar olmasi ihtimalini
giclendirmektedir. Ayni1 zamanda zemindeki sivi
birikimi ile agildaki mevcut durum da birbiri ile
uyumsuz bulunmustur. Bu konuda da isletme
sahiplerinin konuyu ihmal ettigi, fark etmedigi veya
farkli  degerlendirdigi ihtimalleri g6z onlinde
bulundurulabilir. Konu 1ile ilgili goérsel Sekil 7'de
verilmigtir.

Agil igerisindeki temizlik bu konuda 6nemli olup
gerekli hassasiyetin goOsterilmesi gerekmektedir.
Ancak anketin yapildig1 c¢itliklerin g¢ogunda agil
icerisindeki zeminin toprak olmasi temizligin siklikla
yapilabilmesini engellemis gibi goériinmekte ve
giftcilerin bu nedenle agil icerisindeki temizligi
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mevsimsel veya donemsel yapma egiliminde olduklari
disunulmektedir.

Yetistirici Goriigleri ve Sorunlar:

Cadir agillarda koyun yetistiriciligi yapan igletme
sahiplerinin %90.481 iglerini severek yapmaktadir
fakat geri kalan igletmeciler Tirkiyede hayvanciligin
buytuk sorunlari oldugunu ve giderek daha da kéta
kogullarda strdirilmeye ¢aligildiginmi belirtmis ve bu
yuzden iglerini severek yapamadiklarini ifade
etmiglerdir. Bu belirsizlikler igerisinde geleceklerinin
nasil olacagini sorgulamakta olduklarini ve &zellikle
yem giderlerinin her gecen giin artmasinin kendilerini
korkuttugunu  belirtmiglerdir. Cadir  agillarda
koyunculuk faaliyetini ilerleyen yillarda da
stirdirmeyi disiinen igletmeci orani %90.48 iken diger
isletmeciler mecbur kalirlarsa koyunculuga ¢adirlarda
devam edeceklerini soylemistir. Kendilerinden sonra
¢ocuklarinin da bu isi stirdiirmesini isteyen igletmeci
orani %71.42 olmustur. Cocuklarinin bu isi yapmasini
istemeyen igletmeci oran1 %9.52 olurken geri kalanlar
ise cocuklar1 okumazsa veya ticaret yapmazsa bu isi
yapmalarini istemektedir. Isletmecilerin %80.951
yeniden hayvancihik veya koyunculuk igletmesi
kuracak olsalar yine cadir agil, %14.29'u ise standart

agl tercih edeceklerini bildirmiglerdir. Isletme
sahiplerinin %4.76’s1 ise standart agil istediklerini
fakat cadir agil giderlerinin daha dusik olmasi
sebebiyle mecburen tekrar c¢adir agil tercih
edeceklerini belirtmiglerdir. Cadir agil tercih sebepleri
Cizelge 9’da verilmigtir.

® I-3 glinde 1 defa
0 glide | dela
= Dyegisen znmnnlardaanilsain oldukea

= Haftacla 1 defy

= Avdn 1 defa

Sekil 6. Cadir agillarda  ylritilen rutin
temizlik ve bakim faaliyetleri siklig:
Figure 6. Frequency of routine cleaning and

maintenance activities carried out In
tent barns

Sekil 7. Cadir agil igcerisinde zeminde siv1 birikimi
Figure 7. Fluid accumulation on the ground inside the tent corral

Cizelge 9. Cadir agillarin tercih edilme nedenleri
Table 9. Reasons for choosing tent barns
Tercih sebepleri

Isletme sayis1

Cadir agilin ucuz olmasi 3
Cadir agilin saghkli ve havadar olmasi 2
Cadir agilin ucuz, pratik ve saghkl olmasi 1
Cadir agilin ucuz ve pratik olmasi 11
Cadir agilin ucuz ve saghkl olmasi 2
Fikri yok / Mecburen 2

Sadece 1 igletme sahibi ¢adir agillar1 koyunlar i¢in
yeterli ve konforlu bulmamakta, 1 igletmeci de ¢adir
agillarin hayvanlar i¢cin kismen yeterli veya konforlu
oldugunu disinmektedir. Geri kalan igletmecilerin
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tamami c¢adir agillarin koyunlar ig¢in yeterli ve
konforlu oldugunu belirtmigtir. Cadir agillarin
igletmecilerine sorunlar: sorularak bu sorunlari 6nem
sirasina gore siralamalari istenmis ve verdikleri
cevaplar Sekil 8de bildirilmigtir.

Sekilden goriilecegi gibi isletmecilerin birinci 6ncelikli
sorunlar1 verimsiz ve yetersiz meralar ile yetersiz
devlet destekleri olmustur. Ikinci sirada en yuksek
pay, koyun yetistiriciligi gelirinin diigiik olmasi iken,
uclnci sirada belirtilen sorunlar ise yine dusiik gelir
ve yetersiz devlet destekleri olarak kargimiza
cikmaktadir. Igletmecilerin  temel sorun olarak
gordukleri diger baghklar ise gencglerin koyunculugu
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tercih etmemesi, kente goc, diisik sosyal statii ve
cobanlarla ilgili endiseler olarak siralanmaktadir.
Isletme sahiplerine c¢adir agillarin daha verimli ve
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Sekil 8. Onem sirasina gore igletme sahiplerinin sorunlari
Figure 8. Problems of enterprises owners in order of iImportance

konforlu olmasi i¢in onerileri ve talepleri sorularak
alinan tim cevaplar séylendigi sekilde; tekrar edilme
sayisina gore siralanmig ve Cizelge 10’da verilmistir.

1 Moraln rlmst

Cizelge 10. Daha verimli ¢adir agillar i¢in igletme sahiplerinin 6nerileri
Table 10. Recommendations of enterprises owners for more efficient tent barns

Oneriler, talepler

Bahsedilme sayis1

Havalandirma yeterli ve etkili olmali

Agil daha yiiksek olmali, traktor girebilmeli

Kapilar daha biliytik olmali, ayarl olmali ve digar1 agilmamal
Yogusma 6nlenmeli

Pencerelere cerceve eklenmeli, ayarli olmali ve menteseli olmal
Daha diisiik maliyetli olmal

Yalitima 6nem verilmeli ve dikkatle projelendirme yapilmali

Kapilar ekstra yalitim i¢in kalinlagtirilmali, kapi ¢evresine izolasyon yapilmali

Kullanilan malzemeler kaliteli olmali
Sineklikler daha saglam olmali

Oluk baca yapilmali

Baca sayis1 artmali

Daha buytk kapasiteli gadirlar inga edilebilmeli
Yemlikler makas arasina sigmal

Catisina 6zen gosterilmeli

Profiller genis ve saglam olmali

Pencereler yerden daha yiiksek olmali

Drenaj sorunu olmamali

HHEHRFRHRFRHRFRDNDDNDDWWHR OO

SONUC ve ONERILER

Heniiz yeni sayilabilecek ¢adirda koyun yetistiriciligi
faaliyetinin daha verimli ve igsletme sahiplerini
memnun eden seviyeye gelebilmesi i¢in sorunlarin
tespiti ve ilerleyen agamalarda da bolgesel bazda takip
edilmesi 6nem arz etmektedir. Bu baglamda, takip
edilmesi gereken 6nemli konu baglhklari arasinda;
igletmelerin aile tipinde olmasi, yeterli destek
alamamalari, uygun girdi temin edememeleri (artan
girdi fiyatlar1), kisitli ve verimsiz mera alanlari, coban
sorunu gibi faktoérler tiim hayvancihik kollarinda
oldugu gibi ¢cadir koyunculugu i¢in de 6nemli tehditler
olarak sayilabilir. Onceleri ¢adir agil denilince genelde
gocer ve yoriklerin kiiciikbag hayvanlar1 giines ve
yagmurdan koruma amagcli kullandig1 ve brandadan
yapilan basit korunakli agillar akla gelirdi. Ancak
giinimiizde ¢elik konstriiksiyon {izerine kaliteli
branda ve yalitim malzemeleri ile kaplanan, yeterli
havalandirma  imkanina sahip, havalandirma
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bacalari, pencere ve kapilari olan, zorlu hava
sartlarina dayanmkl modern barmaklar
kullanilmaktadir. Calismamizda, yalitim 6zelligine
sahip cadir agillarin Yozgat ili gibi karasal iklime
sahip Orta Anadolu Bolgesi illerinde ¢ok rahat bir
sekilde kullanilip, her mevsim hayvan refahini
sagladig1 tespit edilmistir. Isine 6zen gésteren, ¢adir ve
yalitim malzemesi olarak kaliteli malzeme kullanan
firmalarin yaptigr agillarda memnuniyet orani fazla
olmakta, tam tersi durumlarda ise cadir agil ic
yluzeylerinde ortaya cikan yogusma, hava hacminin
yetersizligi, disik sicaklik vb. etkiler goruilmektedir.
Bu ylizden cadir agil lreten veya montaj yapan
firmalarin bélge sartlarina uygun sekilde tiretim ve
montaj yapmasina, kaliteli malzeme kullanmasina,
uzman gorisii alinmasina, agil yoniine, orta tavan
yiksekligine, kullanigh yemlik ve suluk montajlarina,
havalandirma bacas1 ve pencerelerin uygun sekilde
olmasina dikkat edilmelidir.
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Aragtirmacilarin Katki Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catigsmasi olmadigini beyan ederler.

KAYNAKLAR

Alexander, G. & Lynch, J.J. (1977). Phalaris

Windbreaks for Shornand Fleeced Lambing Ewes.
Proceedings of the Australian Society of Animal
Production 11, 161-164

Alkan, Z. (1972). Agillarin Planlanmasi. Atatiirk
Universitesi Ziraat Fakiiltei Yaymlari, Yaym No:
245, Arastirma No: 125, Ankara, 22-53 sy.

Anonim, (2020a). Yozgat I Tarnm ve Orman
Mudirlagu. httpsi//yozgat.tarimorman.gov.tr/.
(Alinma Tarihi: 19.03.2020).

Anonim, (2020b). Tarim Istatistikleri, Tirkiye
Istatistik Kurumu. https://www.tuik.gov.tr (Alinma
Tarihi: 19.03.2020).

Anonim, (2020c). Meteoroloji
https!//www.mgm.gov.tr.
19.03.2020).

Bakir, G. & Mikail, N. (2019). Siirt Ilindeki Kiiciikbas
Hayvancihk Igletmelerinin  Yapisal Durumu.
Atatiirk Universitesi Ziraat Fakiiltesi Dergisi 50(1),
66-74.

Boga, M. & Cevik, K.K. (2012). Ruminant Hayvanlar
icin Karma Yem Hazirlama Programi. Akademik
Bilisim’12 Konferansi, 1-3 Subat 2012, Usak,
Turkiye. .

Boga, M. & Secer, A. (2015). Nigde Ilinin Camardi
Ilcesinde Akkaraman Koyun Yetistiriciliginin
Teknik Yonden Incelenmesi, Sorunlarin
Belirlenmesi ve Céziim Onerilerinin Sunulmas.
Tiirk Bilimsel Derlemeler Dergisi 82), 38-42.

Cayley, dJ., Johson, J. & Ward, D. (2004). Nutrient
Management Act - Siting Regulations for Manure
Storage Structures. (www Document), http://www.
gov.on.ca/OMAFRA/english/engineer/facts/04-11.
htm (Alinma Tarihi: 11.05.2020).

Ekmekyapar, T. (1997). Tarimsal Insaat, Atatirk
Universitesi Ziraat Fakiiltesi, Yaymn No: 151. 197
sy.

Ermetin, O. (2020). Examination of Dairy Cattle
Enterprises in Yozgat Province in Terms of
Structural Characteristics and Breeding
Conditions. International Journal of Agriculture
Forestry and Life Sciences 42), 289-297.

Genel Mudurlugu.
(Alinma Tarihi:

325

Ermetin, O., Tifekei, H., Boz, M.A. & Tagkesen, H.O.
(2018). Yozgat Ili Hayvanclik Sektérintn Ilin
Kalkinmasindaki Etkisi. ITI. Uluslararas1 Bozok
Sempozyumu 03-05 Mayis 2018, Yozgat, Turkiye.

Kaymakei, M., Eli¢in, A., Isin, F., Tagkin, T., Karaca,
0., Tuncel, E., Ertugrul, M., Ozder, M., Giiney, O.,
Gursoy, O., Torun, O., Altin, T., Emsen, H.,
Seymen, S., Geren, H., Odabasi, A. & Sonmez, R.
(2005). Tiirkiye Kiicilkbas Hayvan Yetistiriciligi
Uzerine Teknik Ve Ekonomik Yaklagimlar. Tirkiye
Ziraat Mihendisligi 6. Teknik Kongresi 3-7 Ocak
2005, Ankara, Turkiye.

Kirnak, H. (1992). Adana IIi ve Iigelerinde Mevcut
Koyunculuk  Isletmelerinin ~ Yapisal ~Durumu
Ozellikleri ve Bilge Iklim Kogullarina Uygun
Barmak Planlarinin Gelistirilmesi Uzerine Bir
Arastirma (Tez no 605). [Yiiksek Lisans Tezi,
Cukurova Universitesi Fen Bilimleri Enstitiisii
Tarimsal Yapilar ve Sulama Ana Bilim Dalil.
Yiksekogretim Kurulu Ulusal Tez Merkezi.

Kumova, Y. & Giirsoy, O. (1990). Design of Housing
Systems for Intensive Dairy Sheep Production in
Southern Turkey. Cukurova Universitesi Ziraat
Fakiiltesi Dergisi 53), 1-16.

Okuroglu, M. & Yaganoglu, A.V. (1993). Kiiltiirteknik.
Ankara Universitesi Ziraat Fakiiltesi Tarimsal
Yapilar ve Sulama Boéluimu Ders Kitabi, Yayin
No:157, Erzurum.

Ozdogan, A.F. (2019). Cadir ve Betonarme Hayvan
Barmaklarinin Bazi Performans ve Davranis
Kriterleri Acgisindan Karsilastirilmasi. [Yiksek
Lisans Tezi, Harran Universitesi Fen Bilimleri
Enstitiisii Zootekni Anabilim Dali]. Yiiksekogretim
Kurulu Ulusal Tez Merkezi.

Paksoy, S., Atilgan, A., Akyiiz, A. & Kumova, Y. (2006).
Kahramanmarag Yoresi Koyunculuk Isletmelerinin
Yapisal Yonden  Mevcut  Durumlarn  ve
Geligtirilmesi Uzerine Bir Arastirma. Ziraat
Fakiiltesi Dergisi 1(2), 17-217.

Sisman, C.B., Yilmaz, F. & Gezer, E. (2009). Bolu
Yoresindeki Kigikbas Hayvan Barinaklarinin
Yapisal Durumu ve Gelistirme Olanaklar.
Tekirdag Ziraat Fakiiltesi Dergisi 62), 179-189.

Tekinel, O., Kumova, Y., Alagéz, T. & Demir, Y. (1988).
Hayvan Barinaklarinin Planlanmasi. Cukurova
Universitesi Ziraat Fakiiltesi Ders Kitab1 No:10,
Adana.

Tifekei, H. (2020). Yozgat Ili Kiigikbags Hayvan
Yetigtiriciliginin Yapisal Durumu ve Gelistirme
Olanaklarimin Belirlenmesi. Hayvansal Uretim
61(2), 91-100.


https://yozgat.tarimorman.gov.tr/
http://www.tuik.gov.tr/

KSU Tarim ve Doga Derg 26 (2), 326-338, 2023 - 7.3
KSU J. Agric Nat 26 (2), 326-338,, 2023 4 x>
httpsi//doi.org/10.18016/ksutarimdoga.vi.1054377

Siiriilebilir Ozellikte Yeni Kahvaltilik Bir Uriin: Dut Pekmezi Kremasi

Sefa ISIK.2 f, Serafettin CELIK3

1Department of Food Processing, Vocational School of Technical Sciences, Mus Alparslan University, 49250 Mus, Turkiye, 2Department of Food
Engineering, Faculty of Agriculture, Atatiirk University, 25030 Erzurum, Turkiye, 3Department of Food Engineering, Faculty of Agricultural,
Harran University, Sanliurfa, Tirkiye

Lzhttpsi//orcid.org/0000-0002-1480-7230, 3http://orcid.org/0000-0002-5605-5735

P4 s.isik@alparslan.edu.tr

OZET Gida Bilimi

Bu calismada, farkli oranlarda (%20, 23, 26 ve 29) sadeyag iceren

strtilebilir 6zellikte dut pekmezi kremas: turetilerek +4 °C’de 90 giin Aragtirma Makalesi
sureyle depolanmig ve bu turiniin depolama boyunca fiziksel, kimyasal,

mikrobiyolojik, tekstiirel ve duyusal parametreleri arastirilmistir. Makale Tarihgesi

Yapilan istatistiksel degerlendirme sonucunda, dut pekmezi kremasinda Gelig Tarihi @ 21.02.2022
yag oraninin artisina paralel olarak, tirintun pH, titrasyon asitligi, asit Kabul Tarihi : 30.06.2022
sayisi, peroksit degeri ve a* degerinde artis, hidroksimetilfurfural (HMF)

degerinde ise azalma meydana gelmistir. Ayrica, depolama periyodu Anahtar Kelimeler
boyunca, pekmez kremasinin titrasyon asitligi, asit sayis1 ve peroksit Dut pekmezi

degeri artmis, HMF, I* degeri ve bazi tekstiir (sertlik, kivam ve Sadeyag

baglayicilik) degerleri ise azalmistir. Maya-kiif varligl ise depolama Kahvaltilik tirtin

stresince tespit edilmemistir. Duyusal degerlendirmeler sonucunda,
genel kabul edilebilirlik acisindan en yiiksek puami %20 oraninda
sadeyag iceren dut pekmezi kremasi1 almigstir. Calismadan elde edilen
veriler dogrultusunda daha uzun raf 6mri acisindan dut pekmezi
kremas1 tretiminde %20-23 arasinda degisen oranlarda sadeyagin
kullanilabilecegi ve gida glivenligi agisindan en az 90 gun sure ile
giivenilir bir sekilde depolanabilecegi sonucuna varilmistir.

A New Breakfast Spreadable Product: Mulberry Molasses Cream

ABSTRACT

In this study, it i1s aimed to investigate the physicochemical,
microbiological, textural and sensory parameters of a new spreadable
breakfast product known as mulberry molasses cream during storage.
For this purpose, mulberry molasses cream containing butter oil at
different rates (20%, 23, 26 and 29) was stored at +4 °C for 90 days.
Parallel to the increase in the butter oil content of the mulberry molasses
cream, the pH, titratable acidity, acid number, peroxide value and a*
value of the product increased. In contrast the hydroxymethylfurfural
(HMF) value decreased. During the storage period, it was determined
that titratable acidity, acid number and peroxide value of the molasses
cream increased, while HMF, L* value and some texture (hardness,
consistency and binding) values decreased. Yeast-mold was not detected
in the samples along the storage period. On the other hand, the sample
containing 20% butter oil got the highest overall acceptability score. It
has been concluded that, in terms of longer shelf life, butter oil could be
used at a rates ranging from 20-23% in the production of mulberry
molasses cream, and also it can be stored reliably for at least 90 days in
terms of food safety.
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Geleneksel bir gida olan kahvaltihk pekmez cesitleri ~ Seker oram yiiksek meyvelerden elde edilmektedir.
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Pekmez Uretiminde meyve sular1 agik kapta veya
vakum sartlarinda, seker veya herhangi bir katki
maddesi ilave edilmeden 1s1l iglem uygulamas: ile
¢ozunur kurumadde oranmi %70-80e c¢ikarilmaktadir
(Sengiill ve ark., 2005; Tiirkben ve ark., 2016;
Heshmati ve ark., 2019).

Pekmez, yapisinda ylksek oranda bulunan organik
asitler ve mineraller bakimindan beslenmede 6nemli
bir yere sahiptir. Ozellikle giinlik demir, ¢inko,
potasyum ve magnezyum ihtiyaglarinin pekmezden
kargilanmasi mumkiindir. Bu nedenle hamile ve
emziklilerin, tiiberkilozlu hastalarin ve iyilesme
stirecindeki  hastalarin  diyetlerinde bulunmasi
gereken bir gidadir. Ayrica kemik erimesi olarak da
bilinen osteoporoza bagli kemik kiriklarinin
olusmasinin 6nlenebilmesi bakimindan, ginlik belli
oranda alinmasi gereken kalsiyum ve fosfor agisindan
da zengin bir kaynaktir (Batu & Gok, 2006; Batu,
2011). Pekmezler, yapisinda monosakkarit seklinde
bulunan glukoz ve fruktozun kana hizli bir sekilde
gecmesl ve vicuda kisa siirede enerji vermesinden
dolay1 o6zellikle bebekler, cocuklar ve sporcularin
beslenmesinde etkili bir enerji kaynagi olarak yer
almaktadir (Akbulut & Ozcan, 2009; Karaca ve ark.,
2011).

Tereyag sut, yogurt veya kremadan uretilebilen, kat1
bir kivama sahip, yag icinde su emdtlsiyonu olup
agirlikca %80-90 st yag: iceren bir stt trintdir. Her
ne kadar tereyagi uretimi sirasinda siit serumu
uzaklassa da yapisindaki yiksek su aktivitesinden
dolay1 mikrobiyolojik bozulma i¢in ideal bir ortamdir
(Sevmis ve ark., 2020; Demir & Andi¢c, 2021). Bu
yuzden birgok tilkede tereyagi, raf émruna artirmak
amaciyla daha digiik su igerigine sahip olan sadeyaga
igslenmektedir. Orta dogu, Asya ve Afrikada “Ghee”
“Maslee”, ‘Samn”, “Roghan” isimleriyle de bilinen
sadeyag, uluslararasi literaturde “ghee”, “clarified
butter oil”, “butter o0il” olarak adlandirilmaktadir
(Celik ve ark., 2020).

Sadeyagin Uretiminde, sit, krema veya tereyagina
sicaklik  uygulanmak suretiyle su ve yagsiz
kurumadde bilegenleri ortamdan uzaklastirilirken,
uygulanan sicakligin miktar: ve sliresi bolgeye gore
degismektedir (Sserunjogi ve ark., 1998; Demir &
Andig 2021). Tirk Gida Kodeksi (2005)ne gore ise
sadeyag, “Siit ve/veya siit iiriinlerinden elde edilen, su
ve yagsiz kurumadde unsurlarinin tamamina yakin
b6limiu uzaklastirilmis, agirhikea en az %99 oraninda
sit  yag  igerigine sahip  Urind”  olarak
tanimlanmaktadir (Anonim, 2005). Sadeyagin esasini
olugturan st yagi, 6nemli biyoaktif bir bilesen olan
konjuge linoleik asit (KLA) bakimindan zengin dogal
bir kaynaktir (Parodi, 2009). Nitekim KLAmnin
antikarsinojenik, antidiyabetik ve arterioskleroz
riskini azaltic1 fizyolojik etkilere sahip oldugu ifade
edilmektedir (den Hartigh, 2019). Ayrica siit yaginin
kolay sindirilmesi, viicut sicakliginda eriyebilmesi ve
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iyi bir enerji kaynagir olmasi1 fizyolojik O6nemini
artirmaktadir. Bununla birlikte, biitirik asit gibi yag
asitlerini icermesiyle tereyagi1 ve sadeyagda arzu
edilen tat, koku ve aromay: saglamaktadir (Hayaloglu
& Konar, 2001; Kahyaoglu & Cakmakei, 2018).

Surilebilir nitelikteki kahvaltilik trinlerin
(margarin, tereyagi, peynir, findik ve tohum ezmesi
vb.) kiiresel ¢captaki ticaret hacmi 46.6 milyon ton ve
56 milyar Amerikan dolarina ulasmistir (Johnson,
2019). Ayrica kolay kullanimi, ézellikle cocuklar ve
gencler tarafindan siklikla tercih edilmesi bu
uUrlnlerin tiketimini arttirmaktadir. Boylece yeni
kahvaltihk drtnler, tuketiciler i¢in alternatif
olabilecegi gibi gida  endistrine de katki
saglamaktadar.

Bu calismada dut pekmezine tereyagindan elde edilen
sadeyag, farkli oranlarda ilave edilerek strilebilir
nitelikte pekmez kremasi elde edilmis ve depolama
stiresince bu Urunin cesitli karakteristik 6zellikleri
analiz edilmigtir. Boylece sadeyag ve pekmezin
beslenme acgisindan avantajlar1 tek bir urinde
toplanarak, begenilirligi yiiksek yeni bir kahvaltilik
urln uretilmesi amaclanmistir.

MATERYAL ve METOD
Materyal

Dut pekmezi kremas: iretiminde, dut pekmezi
(Dutpinar Gida Sanayi Tic. Ltd. Sti.,, Malatya),
tereyagindan (Yorsan Gida Mamiilleri ve Tic. San. Ltd.
Sti., Balikesir) elde edilen sadeyag ile emiilgator
olarak soya lesitini (Sosa, Spain) kullanilmigtar.

Metod

Dut pekmezi ve sadeyagda yapilan fizikokimyasal
analizler

Sadeyagda yag analizi Anonim (2007), titrasyon
asitligi Kurt ve ark., (2007), asit sayis1 Anonim (2010),
peroksit ve RM (Reichert Meissl) sayis1 Atamer (1993)
tarafindan belirtilen yontemlere gore belirlenmigtir.
Ayrica renk degerleri kolorimetre (Hunter lab ultra
scan xe spectrocolorimeter, S/N: U3745, USA) cihaz
ile, pH degerleri ise dijital bir pH metre (WTW pH-
340i, Germany) kullanilarak tespit edilmistir.

Pekmezde kurumadde ve kiil miktar1 AOAC (2000)
tarafindan bildirilen yontem kullanilarak
saptanmigtir. Pekmeze ait renk degerleri kolorimetre
(Hunter lab ultra scan xe spectrocolorimeter, S/N:
U3745, USA) cihaz ile, pH degerleri ise dijital bir pH
metre (WTW pH-340i, Germany) vasitasiyla
belirlenmistir. Pekmezin hidroksimetilfurfural (HMF)
miktari, para-toluidin ve barbiitirik asit ile muamele
edilmesi sonucu olugan renkli ¢ézeltinin absorbansi
(spektrofotometrik) o6lgiilerek hesaplanmigtir (Otles,
1995).
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Dut pekmezi kremasi tiretimi

Tereyagimin sicakhigs 70 °C’ yi gecmeyecek sekilde
eritilmig, tortu ve su faz1 uzaklastirildiktan sonra
sadeyag elde edilmigtir. Daha sonra elde edilen
sadeyag %20, 23, 26 ve 29 oranlarinda ayri ayri
pastorizatore bosaltilarak i¢ sicaklhigi 90 °Cye
yikseltildikten sonra pekmez ve lesitin ilavesi
yapilmistir. Lesitin; %20, 23, 26 ve 29 sadeyag igeren
orneklere sirasiyla 0.5, 0.75, 1.0 ve 1.25 g kg1 olacak
sekilde ilave edilmistir. Karisgm 90 °C’de 10 dk
boyunca pastérize edilmistir. Isitma agsamasinda asir1
1stnmadan kaynaklanabilecek olumsuzluklarin
onlemesi, sogutma asamasinda ise faz ayrigiminin
engellenmesi amaciyla siirekli karigtirma (90 devir dk-
1) iglemi yapilmigtir. Pastérizasyon sonrasi karisim
soguk su yardimiyla 32 °C’ye kadar sogutulmus ve 110
mL’lik sterilize cam kavanozlara hijyenik sartlarda
doldurulmustur. Uriinler daha sonra 4 °C’de 90 giin
sire ile depolanmigstir. Dut pekmezi kremasinin
uretim akis semasi Sekil 1’de verilmistir.

Tereya@

v

Isitma (70°C)

v

Sadeyag iiretimi
(Su ve tortunun uzaklastiniimasi)

v

Sadeyag sicakhiginin 90°C'ye
cikarnimasi

v

Dut pekmezi ve lesitin ilavesi

v

Pastorizasyon (90°C'de 10 dk)

v

Sogutma (32°C)

v

Dolum

v

Depolama (4°C'de 90 giin)

Sekil 1. Dut pekmezi kremasi tiretimi akis diyagrami
Figure 1. The production flow chart of mulberry
molasses cream

Dut pekmezi kremasinda yapilan analizler

Dut pekmezi kremasinin pH’s1, pH metre (WTW pH-
3401, Germany) kullanmilarak (Oysun, 1996), titrasyon
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asitligi (%LA) titrimetrik yontemle (Cemeroglu, 1992)
hesaplanmigtir. Peroksit degeri ise dut pekmezi
kremasindan ekstrakte edilen sadeyagin 0.01N
Na2S203 ¢ozeltisi ile titre edilmesiyle belirlenmigtir
(Atamer, 1993). Dut pekmezi kremas1 érneklerinde
HMF konsantrasyonlarinin belirlenmesi i¢in Carrez I
ve Carrez II solisyonlar: kullanilmis ve absorbanslar
550 nm’de kore (saf su) karsi okunmustur (Anonim,
2002). Renk degerleri, depolama periyodunun 1., 40 ve
60. ve 90. giinlerinde kolorimetre (Hunter lab ultra
scan xe spectrocolorimeter, S/N: U3745, USA)
kullanilarak parlaklik/ koyuluk (L), kirmiz1 (+a), yesil
(-a), sar1 (+b) ve mavi (-b) degerleri saptanmistir
(AOAC, 2000).

Maya kuf varligi uygun diliisyonlardan, pH’s1 tartarik
asitle (14 mL L% %10’luk) ayarlanmis PDA (Merck,
Darmstadt, Germany) besiyerine ekim yapilmak
suretiyle belirlenmistir (Frank & Yousef, 2004).

Tekstiir profil analizi

Orneklerin tekstiirel ozellikleri, depolama
periyodunun 1., 40 ve 60. glnlerinde incelenmistir.
Tekstiir profil analizi i¢in 6rnekler uygun bir behere
aktarilarak bir giin streyle buzdolabi kosullarinda
bekletilmigtir. Ardindan oda sicakliginda 15-20 dk
bekletildikten sonra tekstiir analiz cihazinin (TA-XT
plus Stable Microsystems, Godalming, Surrey, UK)
bask: plakasma konulmugtur. Olgiim 10 mm s hiza
sahip cihaz probu ile 5 mm sikigtirma ve %20 daldirma
yapilarak pekmez kremasina ait tekstiirel 6zellikler
(sertlik, kivam, yapiskanhk ve viskozite) tespit
edilmistir (Uslu ve ark., 2010).

Duyusal degerlendirme

Dut pekmezi kremasinda duyusal degerlendirmeler,
depolama periyodunun 40. gininde 6 panelistin
katillmi1  ile gergeklegtirilmigtir. Degerlendirme
esnasinda, panelistlere dut pekmezi kremasinin
yaninda 1’er dilim ekmek ve 1’er bardak su verilmigtir.
Panelistlerden pekmez kremalarinmi renk ve géruntus,
koku, yap1 ve kivam, tat ve aroma, agizda biraktig: tat
ve genel kabul edilebilirlik  bakimlarindan
karsilastirmali olarak degerlendirmeleri istenmistir.

Istatistiksel Analizler

Farkl oranlarda sadeyagi igeren pekmez kremalarinin
arastirilan tim veriler, tek/¢ift yonli varyans analizi

ile tespit edilmigtir. Duyusal degerlendirme
parametrelerine ait skorlara karekok
transformasyonu uygulanmigtir. Onemli bulunan
ortalamalar arasindaki farklihk Tukey c¢oklu
karsilastirma testi ile test edilmistir. Istatistik
analizleri icin MINITAB paket programi (16.1)
kullanilmigtar.
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BULGULAR ve TARTISMA
Pekmez ve Sadeyagin Fizikokimyasal Ozellikleri

]?ut Pekmezi Kremasinin Bazi1 Fiziksel ve Kimyasal
Ozellikleri

Yag oran1 ve depolama periyodu agisindan dut
pekmezi kremasinin baz fiziksel ve kimyasal
ozelliklerine ait ortalama degerler Cizelge 2'de
verilmigtir.

Dut pekmezi kremasi uretiminde kullamilan dut
pekmezi ve sadeyaga ait bazi fiziksel ve kimyasal
ozellikler Cizelge 1’de verilmigtir.

Cizelge 1. Dut pekmezi kremasi uretiminde kullanilan dut pekmezi ve sadeyagin bazi fiziksel ve kimyasal
ozellikleri
Table 1. Some physical and chemical properties of mulberry molasses and butter oil used in production of mulberry
molasses cream

Parametre Dut pekmezi Sadeyag
(Parameters) (Mulberry molasses) (Butter oil)
HMF degeri, mg kg (HMF value, mg kg) 48.81 i

pH degeri (pH value) 5.14 5.42
Titrasyon asitligi, % (Titratable acidity, %) 0.07
Peroksit degeri, meq Oz kg'! (Peroxide value, meq Oz kg') 1.116
Yag, % (Fat, %) 99.25
L* degeri (L* value) 18.02 51.44
a* degeri (a* value) 10.91 6.64

b* degeri (b* value) 0.48 23.42
Kiil, % (Ash, %) 2.12 -
Kurumadde, % (Dry matter, %) 65.46

Cizelge 2. Yag oran1 ve depolama periyoduna bagh olarak dut pekmezi kremasinin bazi fizikokimyasal 6zelliklerine
ait ortalama degerler
Table 2. Average values of some physicochemical properties of mulberry molasses cream depending on butter oil
content and storage period

Diizeltilmis kareler ortalamasi
(Adjusted mean squares)

pH degeri Titrasyon asitligi Peroksit degeri HMF degeri
(pH value) (%LA) (meq 02 kg'?) (mg kgt
(Titratable acidity, (Peroxide value, (HMTF value,
LA%) meq Oz kg') mg kgl)
Sadeyag orani (%) 20 5.16+0.05b 0.226+0.094 0.770+0.35d 38.06+16.372
(Butter oil rate, %) 23 5.19+0.022 0.296+0.81¢ 0.993+0.51¢ 34.885+14.59P
26 5.18+0.042b 0.368+0.11P 1.164+0.63P 34.175+13.64°
29 5.19+0.032 0.408+0.102 1.277+0.692 33.282+11.09°
Onem derecesi (Significance) * * * *
Depolama periyodu (Giin) 1 5.18+0.012 0.170+0.06¢ 0.351+0.06¢ 59.173+6.232
(Storage period, Day) 20 5.1940.012 0.251+0.09¢ 0.657+0.124 41.727+0.12"
40 5.20+0.012 0.333+0.07¢ 0.878+0.15¢ 26.453+0.34¢
60 5.20+0.012 0.413+0.07> 1.567+0.34b 23.601+1.50¢
90 5.13+0.06P 0.455+0.082 1.727+0.402 24.553+2.02¢
Onem derecesi (Significance) ** ** ** **

abede Ayn siitunda farkl harflerle gésterilen ortalamalar istatistiksel olarak énemlidir (*: P<0.05 **: P<0.01). LA: Laktik asit
abede The differences are statistically significant between means marked with different in the same column (*P<0.05, **P<0.01).
LA: Lactic acid

pH Depolama periyoduna bagli olarak o6rneklerin
ortalama pH degerlerinde, istatistiksel olarak 6nemli
olmamakla birlikte 60. gline kadar yilikselme, 90.
giinde azalma meydana gelmistir (P<0.05) (Cizelge 2).
Bu durum, depolama periyodu boyunca gerceklesen
hidrolitik ve oksidatif ransidite 1ile maillard
reaksiyonu sonucu olusan nétr, asidik veya bazik
karakterli bilegiklerden kaynaklandigi
disiiniilmektedir (Tamanna & Mahmood, 2015).
Celem &Celik (2019), yaptiklar: calismada geleneksel
bir pekmez trini olan Runi Hiz'in depolama siiresince

Dut pekmezi kremasi1 orneklerinde ortalama pH
degerleri sadeyag oranina bagh olarak 5.16 ile 5.19
arasinda degiskenlik gostermistir (Cizelge 2). Benzer
bir ¢alismada iginde farkl oranlarda tereyag: bulunan
gin pekmezi kremasinda pH degerleri 4.786-5.011
arasinda bulunmustur (Fidan, 2017). Celik & Bakirci
(2003), yogurtta pekmez orani arttikca pH'min
diistigiinlii, bunun nedeninin ise pekmezin disik
pH’sindan kaynaklanabilecegini bildirmiglerdir.
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pH degerinin 40. gine kadar arttigin1i daha sonra sonucu olusan alkali bilesenlerden
disis gosterdigini  belirtmiglerdir. Arastirmacilar kaynaklanabilecegini ifade etmiglerdir.
bunun nedeninin oksidasyon veya maillard reaksiyonu
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Sekil 2. Depolama periyodu boyunca dut pekmezi kremasi 6rneklerinin pH degerlerinde meydana gelen degisim
(=: %20 sadeyagh iiriin; m: %23 sadeyagh {iriin; m: %26 sadeyagl iiriin; m: %29 sadeyagh tiriin)

Figure 2. Change of pH values of the mulberry molasses cream sample during the storage period (= product with
20% butter o1l; m' product with 23% butter o1l; m' product with 26% butter o1l; m’ product with 29% butter
oil)

Titrasyon asitligi stutlerinden elde edilen tereyaglarinda ortalama
titrasyon asitliginin %0.23-0.38 arasinda degistigini
ifade etmislerdir. Bu sonuclar elde ettigimiz sonuglar
ile benzerlik gostermektedir.

Dut pekmezi kremasinda sadeyag oranindaki artisa
paralel olarak orneklerin ortalama titrasyon
asitliginde artis meydana gelmistir (P<0.01). Bu

durum, sadeyagda titrasyon asitliginin nispeten Depolama  periyodu boyunca pekmez kremas:
yitksek olmasi ve depolama periyodu boyunca krema orneklerinin titrasyon asitligi degerlerinde artig
orneklerinde titrasyon asitliginin yiikselmesinden meydana gelmistir (P<0.01) (Sekil 3). Karatas &
kaynaklanmistir. Ortalama en diistik titrasyon asitligi Sengiil (2018), pekmez Srneklerinde, Karaca ve ark.,
%20 yag oranina sahip érnekte, en yiiksek titrasyon (2011) ise farkh oranlarda pekmez iceren yogurtlarda
asitligi ise %29 yag oranina sahip 6rnekte sirasiyla depolama boyunca titrasyon asitliginin arttiginmi ifade

%0.226 LA ile %0.408 LA olarak olciilmiistiir (Cizelge etmislerdir.
2). Kahyaoglu & Cakmakg (2018) farkli hayvan
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Sekil 3. Depolama periyodu boyunca dut pekmezi kremasi 6rneklerinin titrasyon asitligi degerlerinde meydana
gelen degisim (' %20 sadeyagh iiriin; m:%23 sadeyagh iiriin; m:%26 sadeyaglh iirin; m:%29 sadeyagh
iiriin)

Figure 5. Change of titrable acidity values of the mulberry molasses cream sample during the storage period (- -
product with 20% butter oil; m: product with 23% butter oil; m' product with 26% butter oil; m. product
with 29% butter oil)

Peroksit degeri degismistir. %29 yag iceren krema &érneginin peroksit
degeri diger 6rneklere oranla, 6nemli diizeyde (P<0.01)
yiiksek bulunmustur (Cizelge 2). Celik ve ark., (2020)
Sanliurfa piyasasindan temin ettikleri sadeyaglarda
ortalama peroksit degerini 0.746 meq O2 kg olarak

Yag oraninin artigsina paralel olarak dut pekmezi
kremasi oOrneklerinin ortalama peroksit degerleri
artmis ve 0.770-1.277 meq Oz kg! arasinda
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belirlemiglerdir. Demir & Andic (2021) ise
sadeyaglarda depolama periyodu boyunca peroksit
degerinin 0,74-1,76 meq O:2 kg! arasinda degistigini

2,5 1

Peroksit degeri
(meq O, kg'?)
—
= ot o

o
ot
1

ifade etmiglerdir. Arastirmacilarin belirttigi peroksit
degerleri, bu arastirmada elde edilen degerler ile
uyumludur.

1 20 40 60 90

Depolama siiresi (giin)

Sekil 4. Depolama periyodu boyunca dut pekmezi kremasi 6érneklerinin peroksit degerlerinde meydana gelen
degisim (=: %20 sadeyagl iiriin; m:%23 sadeyagh iiriin; m:%26 sadeyagl iiriin; m:%29 sadeyagl {iriin)

Figure 4. Change of peroxide values of the mulberry molasses cream sample during the storage period (= product
with 20% butter oil; m product with 23% butter oil- m: product with 26% butter oil; m: product with 29%

butter oil)

Pekmez kremalarinin ortalama peroksit degerleri
depolama periyodu boyunca énemli diizeyde (P<0.01)
artis gostermis ve 90. giinde 1.727 meq Oz kg ile en
yiiksek degere ulasmistir (Cizelge 2). Lipid
oksidasyonunun derecesini ifade eden peroksit degeri,
oksidasyonun baglangig urinleri olan
hidroperoksitlerin diizeyinin belirlenmesi esasina
dayanmaktadir. Peroksit konsantrasyonu belirli bir
seviyeye ulastiginda, keton, aldehit ve hidroksil
gruplarinin olusumu ile istenmeyen tat ve kokularin
meydana geldigi bilinmektedir (Honfo ve ark., 2011;
Anli ve ark., 2020). Nitekim peroksit sayis1 2.0 meq O2
kgl yag degerinin tUzerinde oldugunda tat
bozukluklarinin ortaya ciktig1 bildirilmistir (Anl ve
ark., 2020). Bu arastirmada en yiiksek peroksit degeri
(2,208 meq Oz kg'!) en fazla oranda (%29) yag iceren
ornekte depolamanin 90. giiniinde tespit edilmis ve bu
degerin tat bozukluklarinin ortaya g¢iktigi bildirilen
sinirin tizerinde oldugu belirlenmistir (Sekil 4).

HMF degeri

Yag oranimnin artisina paralel olarak dut pekmezi
kremas1 orneklerinin HMF degerlerinde azalma
meydana gelmis, %29 yag iceren krema 6rnegin HMF
degeri 6nemli diizeyde (P<0.01) diisiik bulunmustur.
Orneklerin HMF degerleri yag oranina bagh olarak
38.06 ile 33.282 mg kg! arasinda degismistir (Cizelge
2). HMF miktarinin yag oraninin artisina bagh olarak
diismesi, pekmezin urindeki oranimin giderek
azalmasindan kaynaklanmig olabilir. Toker ve ark.
(2013), dut pekmezi 6rneklerinde HMF degerini 43.66
mg kg! olarak saptamistir. Karatas & Sengiil (2018),
15 adet dut pekmezi 6rneginde HMF miktarlarinin
5.69-134.68 mg kgl arasinda degisim gosterdigini
belirtmigtir. Karbonhidrat igeren gidalarin 6zellikle
asidik kogullarda 1s1 ile muamelesi sonucu olugan
HMF, gidalara uygulanan 1s1l iglemin siddetini
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(s1caklik ve siire) gosteren 6nemli bir kalite faktoriidiir
(Tiirkben ve ark., 2016; Choudhary ve ark., 2020).
Ozcan ve ark., (2015), {iziim pekmezinde HMF
degerinin 1s1l islemden etkilendigini, en diisik HMF
degerinin 1s1l iglem uygulanmayan pekmezde
belirlendigini ifade etmigtir. Turk Standartlar
Enstitiisii (1996) birinci kalite dut pekmezi icin en
yiksek HMF miktarini 75 mg L1 olarak bildirmigtir
(Anonim, 1996). Pekmez kremalarimin HMF icerigi
incelendiginde  bu degerin  altinda  oldugu
goriilmektedir.

Depolama suresince dut pekmezi kremasi 6rneklerinin
HMF degerlerinde 60. giine kadar diisis meydana
gelmig, 90. giinde ise artis olmasina ragmen bu artis
istatistiksel olarak 6nemli bulunmamistir (Sekil 5).
Depolama boyunca en yiiksek HMF degeri (66.501 mg
kg1) %20 yag iceren érnekte depolamanin 1. giiniinde,
en diisik HMF degeri (22.463 mg kg!) ise %23 yag
iceren ornekte depolamanin 60. gintunde 6l¢iilmuistir
(Sekil 5). Karagéz (2007) depolama ile iiziim
pekmezinin HMF miktarinda azalmalar oldugunu
belirtmigtir. Aym1 c¢alismada dut pekmezi oda
sicakliginda depolanmig ve HMF miktar1 90. giinde
234.82 mg kgt ile depolama slrecinin en disuk
degerini almigtir.

pH 5'in uzerinde oldugunda, HMF ve diger reaktif
bilegenlerin polarize oldugu ve ¢6zlinmeyen koyu
renkli azotlu formlara (melanoidin), ayrica
aminoketon, aldimin, ketimin gibi Dbilesiklere
doniistiigii bildirilmistir. (Ertop & Sarikaya, 2017;
Parisi & Luo, 2018; Singla ve ark., 2018). Pekmez
kremalarinda depolama boyunca HMF degerlerindeki
azaligin bu dontisiimden kaynaklandig:
distnilmektedir.
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Sekil 5. Depolama periyodu boyunca dut pekmezi kremasi 6rneklerinin HMF degerlerinde meydana gelen degisim
(=: %20 sadeyagl {iriin; m:%23 sadeyagh iiriin; m:%26 sadeyagh iiriin; m:%29 sadeyagl {iriin)

Figure 5. Change of HMF values of the mulberry molasses cream sample during the storage period (= product
with 20% butter oil; m’ product with 23% butter oil- m: product with 26% butter oil; m: product with 29%

butter oil)

Renk degerleri

Yag orami ve depolama periyodu acisindan dut
pekmezi kremasinin renk degerlerine ait ortalama
degerler Cizelge 3’'te verilmistir.

Orneklerin ortalama L*ve b*degerleri yag oranindan
etkilenmezken (P>0.05), a* degerindeki degisim
onemli bulunmustur (P<0.01). En diisiik ortalama L*
degeri yag orammin en diisiik (%20), yani pekmez
oraninin en yuksek oldugu o6rnekte belirlenmistir
(Cizelge 3). Benzer sekilde Alpaslan & Hayta (2002)
tahin-pekmez karigiminda en dusik Z* degerini
pekmez oranimin en yliksek oldugu oOrnekte
belirlemistir. %29 yag iceren krema Orneginin a*

degeri, diger orneklere oranla (P<0.01) yiiksek
bulunmustur. En yiiksek ortalama b* degeri sadeyag
oraninin en fazla (%29) oldugu érnekte belirlenmistir.
Sadeyagin  sarimsi  renginin  bunu etkiledigi
dustntulmektedir.

Depolama boyunca L* degerlerinde 60.giine kadar
onemli derecede (P<0.01) azalma, 90. giinde ise bir
artis (P>0.05) s6z konusudur (Cizelge 3). Depolama
stiresi boyunca L* degeri genel olarak tum
numunelerde benzer bir model gostermistir (Sekil 6A).
Literatiirde pekmez o6rneklerinin depolama boyunca
L* degerinin azaldigi bildirilmistir (Tosun, 2004;
Ozhan ve ark., 2010; Basar, 2019).

Cizelge 3. Yag oran1 ve depolama periyoduna bagli olarak dut pekmezi kremasinin renk o6zelliklerine ait

ortalama degerler

Table 3. Average values of color properties of mulberry molasses cream depending on butter oil content and

storage period.
Diizeltilmis kareler ortalamas1 (Adjusted mean squares)
L* a* b*
Sadeyag orani (%) 20 16,60+1.982 0,92+0.64b 1,8241.132
(Butter oil rate, %) 23 18,31+£2.622 1,36+0.862P 2,04+0.892
26 18,89+3.222 1,19+0.80b 2,04+1.032
29 17,78+2.372 1,77+1.162 2,36+1.082
Onem derecesi (Significance) **
Depolama periyodu (Giin) 1. 20,36+1.652 1,81+0.582 2,98+0.562
(Storage period, Day) 40. 17,98+1.252b 0,27+0.35¢ 1,03+0.35b
60. 15,72+1.79b 1,02+0.43b 1,55+0.43b
90. 17,51+£3.39b 2,15+0.852 2,69+0.852

Onem derecesi (Significance)

*%

*% *%

abede Aym stitunda farkl harflerle gosterilen ortalamalar istatistiksel olarak énemlidir (*: P<0.05 **: P<0.01).
abede The differences are statistically significant between means marked with different in the same column (*P<0.05, **P<0.01)

Tim krema 6rneklerinin a* degerinin periyodun 40.
glinlinde en dislik degerini aldigi, ancak ilerleyen
periyotta ise siirekli ve 6nemli diizeyde yiikseldigi
tespit edilmistir (Sekil 6B). Karatas (2018) dut
pekmezine ait a* degerlerinin depolama slresince
arttigin1 bildirmistir. Toker ve ark. (2013) 25°C’de
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depolanan dut pekmezinin a* degerinin depolama
periyodu boyunca distigini, 35°C’de depolanan
orneklerin ise a* degerlerinin yiikseldigini tespit
etmiglerdir. Karaca ve ark. (2011) %6 ve 14 oraninda
dut pekmezi igeren yogurt Orneklerine ait a*
degerlerinin 7. glinde arttigini 14. giinde ise azaldigini;
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%10 dut pekmezi iceren yogurtlarin ise a* degerlerinin
depolama boyunca dustiigiini bildirmiglerdir. Karaca
(2013) dut pekmezi ilaveli yogurt érneklerinde a*
degerinin depolamanin 7. giiniinde dustigini, 14.
giinde ise yilikseldigini belirlemistir. Dut pekmezi
kremasinin a* degerinin degisimi incelendiginde, bu
degisim Karaca (2013)nin calismasindaki degisimle
benzerlik, diger literatiir bildirimleriyle (Karaca ve
ark., 2011; Toker ve ark., 2013; Karatas, 2018) farklilik
gostermektedir.
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Pekmez kremas: 6rneklerinin 5* degeri genel olarak
depolama periyodunun 40. ginine kadar azalmig
(P<0.01), daha sonra artig egilimine ge¢gmistir (P<0.01)
(Sekil 6C). Benzer sekilde Karatas (2018) dut
pekmezinde depolamanin baslangicinda yiliksek olan
b* degerinin 30. giinde azaldiginmi, 60. giinde ise artig
gosterdigini tespit etmistir. Toker ve ark. (2013) ise
25°C’de depolanan dut pekmezi Orneklerinin b*
degerinde 45. ginde azalma, 90. ginde ise artig
oldugunu bildirmiglerdir.
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Sekil 6. Depolama periyodu boyunca dut pekmezi kremasi érneklerinin Z* (A), a* (B), b* (C) degerlerinde meydana
gelen degisim (=: %20 sadeyagh iiriin; m:%23 sadeyagl iiriin; m:%26 sadeyagh {iriin; m:%29 sadeyagh

irin)

Figure 6. Change of L* (A), a* (B), b* (C) values of the mulberry molasses cream sample during the storage period
(- product with 20% butter oil; m- product with 23% butter oil; m: product with 26% butter oil; m- product

with 29% butter oil)

Maya-kiif varliga

Cogu kif tura 0.8; kserofilik kifler en diisiik 0.6;
bircok maya 0.85; osmofilik mayalar ise 0.6-0.7 aw
degerlerinde gelisebilmektedir (Ciftcioglu, 2016).
Bundan dolayr kif ve mayalar regel, marmelat,
pekmez gibi su aktivitesi degeri disuk gidalarda
baskin olarak bozulma yapabilmektedir (Ozbey ve
ark., 2013).

Dut pekmezi kremasi oOrneklerinde depolama
stiresince maya-kif tespit edilmemistir. Bu durum,
pekmez kremalarinin en az 90 gin givenilir bir
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sekilde buzdolab1 sartlarinda depolanabilecegini ifade
etmektedir. Benzer sekilde Yumlu (2006), pekmezli
findik kremasinin 100 giinliik depolama siirecinde
maya- kif tespit edilmedigini bildirmistir.

Tekstiirel parametreler

Dut pekmezi kremalarinda ortalama sertlik, kivam,
baglayicilik ve viskozite degerlerinin yag oraninin
artigina paralel olarak %26 yag oranina kadar arttig,
%29 oraninda yag iceren Orneklerde ise azaldigi
gozlenmistir (Cizelge 4). Karaca ve ark. (2011), dut
pekmezi igeren yogurtlarda pekmez oraninin artigina
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paralel  olarak  Uriintin  sertliginin  arttigim
belirlemislerdir. Yagar & Sahan (2008), Maras
dondurmasi1 miskine ilave edilen dut pekmezinin
dondurmanin  yapisinin  yumusamasina  sebep
oldugunu bildirmiglerdir. Bu durum dut pekmezi
kremasinin  sertlik degeri 1ile benzer 6zellik
gostermigtir. Calisma kapsaminda dut pekmezi
kremasinda pekmez oraninin artmasiyla trinin
sertliginde azalma meydana gelmistir. Bu durum

depolama sicakliginda (4 °C) sadeyagin yapisinin kati,
dut pekmezinin ise viskoz olmasindan
kaynaklanmaktadir. Arslan ve ark. (2005) tahin
oraninin artisina paralel olarak pekmez-tahin
karigiminin  kivaminin arttigini  belirlemiglerdir.
Benzer sekilde Karaca ve ark. (2011) ile Celik &
Bakirci (2003), pekmez oraninin artmasmma bagh
olarak yogurdun viskozitesinde azalma tespit
edildigini bildirmiglerdir.

Cizelge 4. Yag oran1 ve depolama periyoduna baglh olarak dut pekmezi kremasinin tekstiirel 6zelliklerine ait

ortalama degerler

Table 4. Average values of textural properties of mulberry molasses cream depending on butter oil content and

storage period

Diizeltilmis kareler ortalamasi

(Adjusted mean squares)

Sertlik (N) Kivam Yapiskanhk (N) Viskozite indeksi (cP)
(Firmness, N) (Consistency) (Cohesiveness, N) (Viscosity index, cP)
Sadeyag orani (%) 20 126.4+38.01b 462.6+b 291.3+83.44b 98.9+73.592
Butter oil rate (%) 23 182.2+£79.752b 579.7+ab 419.8+153.4220 145.5£167.922
26 247.4+129.492 819.0+2 474.1+217.182 198.7+152.332
29 178.2+93.142b 471.4+b 383.4+171.952b 83.7+79.262
Onem derecesi * ok *
(Significance)
Depolama periyodu 1 268.3+108.082 714.4+320.092 497.6+143.792 108.5+103.892b
(Giin) 40 157.4+79.10 663.1+443.622 441.5+177.142 208.5+174.142
Storage period (Day) 60  124.9+38.40b 372.0+137.96b 937.3+66.76" 77.9+53.30b
Onem derecesi *k wk *k *
(Signifiance)

abede Ayn siitunda farkls harflerle gésterilen ortalamalar istatistiksel olarak énemlidir (*: P<0.05 **: P<0.01)
abede The differences are statistically significant between means marked with different in the same column (*P<0.05,

**P<0.01).

Depolama siirecine baglh olarak, pekmez kremas:
orneklerinin ortalama sertlik, kivam, yapiskanlik ve
viskozite degerlerinde o6nemli diizeyde azalma
meydana gelmigtir. En yiiksek ortalama degerler
depolamanin 1. guninde en disik degerler ise
depolamanin 60. giinlinde 6l¢tilmiistir Benzer sekilde
Celem (2014), farkh oranlarda tereyag iceren {iziim
pekmezi 1le yapmis oldugu calismada tekstur
degerlerinin depolamanin 60. giiniinde 1. giine gore
azaldigin tespit etmistir. (Cizelge 4).

En yuksek sertlik degeri %26 sadeyag iceren krema
orneklerinde depolamanin 1. guntnde 352.3 N, en
diusiik deger 1se %29 sadeyag iceren Ornekte
depolamanin 60. giiniinde 94.2 N olarak él¢ilmustir
(Sekil 7A).

En yiksek kivam degeri %26 sadeyag iceren krema
orneklerinde depolamanin 40. giiniinde 1458.0, en
disik deger 1se %20 sadeyag igeren Ornekte
depolamanin 60. giiniinde 275.8 olarak &lgtilmugtiir.
Tim 6rneklerin kivam degerlerinde depolamanin 40.
glinliinde artig, 60. glinlinde azalma meydana gelmigtir
(Sekil 7B).

En yiiksek yapigskanlik degeri, %26 sadeyag iceren
krema orneklerinde depolamanin 1. giiniinde 582 N,
en disuk deger ise %29 sadeyag igeren Ornekte
depolamanin 60. gininde 176.6 N olarak 6l¢tilmustir.
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Depolama periyodu boyunca tim  orneklerin
yapigskanlik degerlerinde azalma meydana gelmigstir

(Sekil 70).

En ylksek viskozite indeksi %23 sadeyag iceren krema
orneklerinde depolamanin 40. giniunde 313.4 cP, en
diusiik deger i1se %20 sadeyag iceren Ornekte
depolamanin 1. giinlinde 22.7 N olarak 6l¢tilmuistir.
Depolama periyodu %29 sadeyag iceren oOrnekler
disindaki tiim  Orneklerin  viskozite indeksleri
depolama periyodunun 40. gununde artmis 60.
giiniinde ise azalmigtir (Sekil 7D).

Duyusal degerlendirme

Farkli oranlarda sadeyag igeren dut pekmezi
kremasinin duyusal degerlendirme parametrelerinden
sadece yap1 ve kivam degerleri arasindaki farklhilik ¢ok
énemli (P<0.01) bulunmustur (Cizelge 5).

Pekmez kremasinda renk ve goriintige iligkin
panelistlerin vermis oldugu puanlar arasinda farklilik
tespit edilememistir (P>0.05). Renk ve goriiniis
bakimindan 6rneklerin tiimi begenilmig, bununla
birlikte en yiksek puani %20 yag iceren pekmez
kremas1 almigtir. Koku, tat-aroma ve agizda biraktig:
tat agisindan tiim pekmez kremasi 6rnekleri birbirine
yakin puanlar almistir (P>0.05). Yapr ve kivam
bakimindan pekmez kremalar1 arasinda en ylksek
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puani %26 yag iceren oérnek almistir (P<0.01). En oraninda yag igeren Ornegin aldigr goérilmustir
yiksek genel kabul edilebilirlik puanini ise %20 (Cizelge 5).
A B
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300 -
= 1000 A
Z 250 1 : 800
2 200 - < 600 -
g 150 A
% 100 | 400 -
50 1 200
0 - 0 -
1 40 60 1 40 60
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Sekil 7. Depolama periyodu boyunca dut pekmezi kremasi érneklerinin sertlik (A), kivam (B), yapiskanlik (C) ve
viskozite indeksi degerlerinde meydana gelen degisim (=: %20 sadeyagl iiriin; m:%23 sadeyagh irin;
1:%26 sadeyagl {iriin; m:%29 sadeyagh iiriin)

Figure 7. Change of firmness (4), consistency (B), cohesiveness (C) and viscosity index (D) values of the mulberry
molasses cream sample during the storage period («- product with 20% butter oil; m’ product with 23%
butter oil; m: product with 26% butter oil; m' product with 29% butter oil)

Cizelge 5. Dut pekmezi kremalarinin duyusal 6zelliklerine ait ortalama degerler ve olusan gruplar
Table 6. Average values and groups of sensory properties of mulberry molasses creams
Diizeltilmis Kareler Ortalamasi
(Adjusted mean squares)

Sadeyag oran1 (%) Renk ve Koku Yap1 ve kivam Aroma Tat Genel kabul
(Butter oil rate, %) gbriiniis (Smell) (Structure and (Aroma) (Taste) edilebilirlik
(Colour and consistency) (General
appearance) acceptability)
20 2,048+0.202 2,625+0.412 1,803+0.16¢ 2,694+0.312 2,696+0.292 2,022+0.174
23 1,977+0.182 2,616+0.392 1,902+0.17bc 2,662+0.302 2,687+0.282 1,992+0.172
26 1,860+0.262 2,806+0.352 2,12+0.312 2,714+0.322 2,613+0.242 1,991+0.192
29 1,961+0.192 2,753+0.362 2,024+0.142b 2,713+0.332 2,632+0.272 1,942+0.232
Onem derecesi *k
(Signifiance)

abede Ayn stitunda farkl harflerle gosterilen ortalamalar istatistiksel olarak énemlidir (*: P<0.05 **: P<0.01)

abede The differences are statistically significant between means marked with different in the same column (*P<0.05,
**P<0.01).

SONUC ve ONERILER diisiik yag oranina sahip (%20) 6rnegin en yiiksek
Yapilan analizler sonucu, farkli oranlarda sadeyag puanm aldig1 belirlenmigtir. Asit sayis1 ve peroksit
iceren (%20-29) dut pekmezi kremalarinin duyusal degeri gibi kimyasal ozellikler dikkate alindiginda
olarak panelistler tarafindan begenildigi, 6zellikle en pekmez kremasinda yag oramn azaltilmasi, Grinin
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raf 6mrinin uzamas: acisindan énem arz etmektedir.
Ayrica dut pekmezi kremasina vanilin, Hindistan
cevizi veya cesitli kuru yemislerin (ceviz, badem,
findik, fistik vb.) farkli boyutlarda o6giitiiliip ilave
edilerek cesitliligin artirilmasiyla ilgili ¢aligmalarin
yapilmasi, kahvaltilik urin cesitliliginin
zenginlestirilmesi a¢isindan 6nem tagimaktadir.
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ABSTRACT
This study was aimed to determine total polyphenols (TP), total

Food Enginerring

flavonoids (TF), chlorogenic acid (CA), antioxidant capacity (AC) and in- Research Article
vitro bioaccessibility of polyphenols (as gastric and intestinal stages) of Article Hi
the extracts from artichoke fractions (head, bract and stalk) using - fele dlstory‘ 050
different solvents (80% ethanol, 80% methanol and water). The results Aecewe d ) 28'0 '2022
showed that artichoke fraction and solvent used significantly affected EECRE 127:09:20
all parameters measured (£<0.05). TP and TF contents of the samples

5 a3 . . . Keywords
varied in the range of 1.74-5.52 mg gallic acid equivalents per gram of . .

; ! Artichoke fractions

dry matter (mg GAE g DM) and 1.30-7.34 mg rutin equivalents per Polyphenols

gram of dry matter (mg RE g1 DM), respectively. AC of the samples
varied from 433.73 to 1243.21 mmol of ascorbic acid equivalents per
100g of dry matter (mmol AAE 100g! DM).TP and AC of the extracts
varied depending on artichoke fraction and solvent used after in-vitro
digestion. They were found to be lower than their initial (before
digestion) values. Bioaccessibility of the polyphenols was in the range of
17.36-64.37%. CA detected in all extracts except water extracts of
artichoke head (AH) and artichoke stalk (AS). These results suggest
that artichoke bract (AB) and AS which are artichoke byproducts might
represent a potential source of natural antioxidants as well as AH.

Enginar Fraksiyonlarinin Polifenolleri ve In-Vitro Sindirimi

in-vitro digestion

OZET Gida Miihendisligi

Bu calismada, enginar fraksiyonlarindan (tabla, dis yapraklar ve sap)

farkli coziiciiler (%80 etanol, %80 metanol ve su) kullamilarak elde Aragtirma Makalesi
edilen ekstraktlarin toplam polifenol (TP), toplam flavonoid (TF) ve

klorojenik asit (KA) icerikleri ile antioksidan kapasitesi (AK) ve Makale Tarihgesi
polifenollerin (mide  ve bagirsak asamasinda) in-vitro Gelis Tarihi  :28.02.2022
biyoerigilebilirligini belirlemek amaclanmigtir. Sonuglar, enginar Kabul Tarihi :27.09.2022
fraksiyonunun ve kullanilan ¢o6zlcliniin oOlglilen tim parametreleri

onemli olgiide etkiledigini gostermistir (2<0.05). Orneklerin TP ve TF Anahtar Kelimeler
icerikleri, sirasiyla 1.74-5.52 mg GAE (gallik asit esdegeri) g'! KM (kuru Enginar fraksiyonlari
madde) ve 1.30-7.34 mg RE (rutin esdegeri) g! KM arahginda Polifenoller

bulunmustur. AK ise 433.73-1243.21 mmol AAE (askorbik asit esdegeri)
100g! KM arasinda degismistir. Ekstraktlarin in-vitro sindirim sonrasi
TP ve AK’ s1 enginar fraksiyonu ve kullanilan ¢ozilicliye gore degisim
gostermis ve baslangic (sindirim 6ncesi) degerlerinden daha diisiik
bulunmustur. Polifenollerin biyoerisilebilirligi %17.36-64.37 araliginda
saptanmistir. KA, enginar tablasi (ET) ve enginar sapmin (ES) su
ekstraktlari haricindeki tim ekstraktlarda tespit edilmigtir. Bu
sonuglar, enginar yan iurlnleri olan dig yapraklar ile sapin, ET kadar

in-vitro sindirim
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INTRODUCTION

Artichoke is an important vegetable consumed fresh
in traditional medicine due to its pharmacological
properties or canned especially in Mediterranean
region countries (Dabbou et al., 2015). The artichoke
plant contains health promoting compounds such as
flavonoids and phenolic acids particularly caffeic acid
and its derivatives (Fratianni et al., 2007; Negro et
al., 2012)

Chlorogenic acid (CA) (5-caffeoylquinic acid) is one of
the most abundant phenolic acids in artichoke, which
has a strong antioxidant capacity (Ergezer &
Serdaroglu, 2018). During the processing of the
artichoke, a large amount of vegetable waste is
generated, consisting of leaves and stems surrounding
it, as well as the edible part of the table. It is stated
that these inedible parts, which correspond to 80-85%
of the total mass, are also very rich in polyphenols
(Negro et al., 2012; Dabbou et al., 2015). It is known
that phenolic compounds synthesized as secondary
metabolites in plants have many pharmacological
properties such as antioxidant, antimutagenic,
anticarcinogenic and antibacterial activity (Aires et
al., 2016; Sanz-Puig et al., 2017) and have a positive
effect on many chronic diseases such as diabetes,
obesity and cardiovascular diseases (Ismail et al.,
2021). Therefore, recently, many studies (Amado et
al., 2014; Rashidinejad et al., 2016; Pasqualone et al.,
2017) on the use of extracts from plants or their by-
products containing bioactive substances such as
phenolic compounds in various foods as an alternative
to artificial additives or for food enrichment have
been reported.

The bioavailability of a dietary compound including
phenolic compound is dependent upon its digestive
stability and its release from the food matrix (referred
as bioaccessibility), the efficiency of its transepithelial
passage (D’Antuono et al.,, 2015). Therefore, the
beneficial effect of polyphenols is affected by their
stability under gastro-intestinal conditions during
digestion (Garbetta et al., 2014) due to their exposure
to physiochemical changes such as temperature, pH
and digestive enzymes (Pinto et al., 2017). The
polyphenols bioavailability is considered to be low.
Because, most of them exist in food in the form of
esters, glycosides or polymers that cannot be absorbed
in their native form. Only aglycones and some
glucosides can be absorbed in the small intestine
(Tagliazucchi et al., 2010). In this regard, the
bioaccessibility of polyphenols from artichoke head
were previously investigated (Garbetta et al., 2014;
D’Antuono et al., 2015), but, scientific literature is
still lacking on in-vitro gastro-intestinal digestion of
polyphenols from artichoke fractions. Therefore, this
study was carried out to investigate the contents of
total polyphenols and CA of artichoke fractions and to
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assess the digestive stability of the polyphenols using
In-vitro digestion model.

MATERIALS ve METHOD
Material

Fresh artichokes (Cynara scolymus L. harvested
from Bursa region (Turkey) were used in this study.
Artichoke head (AH) was removed manually with the
help of a knife and kept at 4+2 °C until used, together
with artichoke bract (AB) and artichoke stalk (AS)
separated as waste. Chemicals used in this study
were either HPLC or analytical grade and obtained
from Sigma Co. (St. Louis, MO, USA) and Merck
(Darmstadt, Germany).

Polyphenol Extraction

Polyphenols from artichoke fractions homogenized in
a blender (Arzum, Turkey) were extracted with
aqueous ethanol (80%), aqueous methanol (80%) and
distilled water. Water extracts of the samples was
obtained as follows: Samples were extracted with
distilled water in a controlled water bath at 1/9 (w/v)
solid/liquid ratio and 50 °C for 30 min. Then, the
suspension was filtered through Whatman No.1 filter
paper and the extract was rapidly cooled under tap
water. Methanol and ethanol extracts of the samples
were obtained by the following procedure. Samples
were extracted with methanol or ethanol 1/9 (w/v)
solid/liquid ratio for 2 h on an orbital shaker at room
temperature. The mixture was centrifuged at 10,000
rpm for 15 min and filtered through Whatman No.1.
Water and alcoholic clear extracts were stored at —20
°C until analyzed.

Determination of Total Polyphenol (TP)

TP of the extracts was determined according to ISO
14502-1:2005 (2005). A calibration curve of gallic acid
(5-50 pg mL1) was prepared and the results
determined from regression equation of the
calibration curve (/#2=0.99) were expressed as mg
gallic acid equivalents (GAE) per gram of dry matter
(DM).

Determination of Total Flavonoid (TF)

TF content of the extracts was determined by
spectrophotometric method (Rodrigues et al., 2016).
Rutin (0-1500 ppm; &2 = 0.99) was used as a standard
and standard curve was obtained with different
concentrations. Results were calculated based on this
curve and expressed as mg rutin equivalents per
gram of DM (mg RE g DM).

Determination of CA by HPLC

CA was determined according to Turkmen Erol et al.
(2009) with some modification. The identification and
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quantification of CA in the extracts were performed
on a HPLC system including LC-20 AD Shimadzu
pumps, a CTO-10 ASVP column oven and SPD-M20A
photo diode array (PDA) detector, a Shimadzu DGU-
20A5R degasser and SLC-10 A VP system controller.
A computer-controlled system with LC solution
software was employed for data analysis. The column
used was a C18 reversed phase Nova Select (250 x 4.6
mm ID, 5pum) and was operated at 30 °C. UV spectra
were recorded from 190-370 nm and peak area was
measured at 325 nm. The two mobile phases used for
gradient HPLC elution were (A) 0.1% orthophosphoric
acid in water (w/v) and (B) acetonitrile. The gradient
elution profile was as follows: from 0 to 5 min, 8% B;
from 5 to 30 min, 8-10% B; from 30 to 35 min, 10-80%
B. The column was re-equilibrated with the initial
conditions for 5 min before the next injection. The
flow rate was 1.0 mL min'l. The injection volume was
20 pL.

Chromatographic peak in the samples was identified
by comparing its retention time and UV spectrum
with that of its reference standard and by co-
chromatography with added standard. Quantification
was performed from the peak area of the component
and its corresponding calibration curve.

Antioxidant Capacity (AC)

AC was determined by the 2,2,diphenyl-2-picryl-
hydrazyl (DPPH) method (Turkmen et al., 2005). AC
was calculated as percentage inhibition (AC, %) of the
DPPH radical by the following equation:

bs — Abs

control

Abs

Abscontra[ : Absorbance of the solution of DPPH without sample,
Ab

A
AC (%) = 2P %100 1)

control

S sample : Absorbance of the solution of DPPH with sample

AC (%) of samples was converted to ascorbic acid
equivalent (AAE) defined as mmol of ascorbic acid
equivalents per 100g of DM.

In-vitro Digestion (Bioaccessibility)

In-vitro digestion method was applied according to
Minekus et al. (2014) to evaluate the bioaccessibility
of phenolic compounds of the extracts. It was carried
out in two stages as gastric and intestinal. After each
stage, the amount of TP was determined by
spectrophotometer and the bioaccessibility (%) of TP
was calculated as follows.

BJ'OQCCQSSJ.bJ.]J'ty (%) = (C digested /C undigested) x 100 (2)

C digestea: Concentration in digested sample after
gastric/intestinal stage (mg)

C undigested: Concentration in undigested sample (mg)

Statistical Analysis
Experimental results were expressed as means =+
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standard deviation of triplicate measurements and
analyzed by SPSS software (SPSS statistics 23,
IBM.2015). Analysis of variance was performed by
one-way ANOVA procedure. Means were compared by
using Duncan multiple comparison test. Values of
FP<0.05 were considered as significantly different.

RESULTS and DISCUSSION
TP, TF, AC and CA Content of the Extracts

The effect of artichoke fractions and solvents used on
TP, TF, CA and AC values of the samples is presented
in Table 1. Artichoke fraction, solvent used and their
interactions significantly affected all parameters
measured (P<0.05) (Table 2).

TP contents of the samples varied in the range of
1.74-5.52 mg GAE g! DM depending on artichoke
fraction and solvent used (Table 1). When compared
to the previous studies in literature, there are
differences between the results. It was stated that the
differences could be caused by harvest time, climatic
conditions during growing of plant, the part of
artichoke, extraction solvent, expression of the result
using different standard phenolics and in different
units, etc. (Ergezer & Serdaroglu, 2018). As
agreement with this result, Gaafar and Salama
(2013) found 4.2-14.16 mg GAE g DW of TP in the
free and bound methanolic extracts of different parts
of artichoke. However, Colantuono et al. (2018)
reported higher contents of TP (8.8 - 34.7 mg GAE g1
DW) from artichoke fractions (head, leaves and stem).
Also, in the study of Mena-Garcia et al. (2020), TP
contents of artichoke bracts varied from 5.91 to 27.21
mg GAE g DW, depending on the solvent used.

As seen in Table 1, in general the highest TP was
observed in AH extracts, followed by AB and AS ones.
Similar result was found by Mena-Garcia et al.
(2020). Regarding TP, for AH and AB, the highest TP
was obtained with aqueous ethanol and water,
respectively but for AS there was no significant
difference between solvents (2>0.05). Similarly, Vella
et al. (2018) reported that TP from chestnut
byproducts was significantly affected by the different
solvents employed, which is partially consistent with
this study.

The extracts were analyzed by HPLC to determine
their CA content because CA is one of the most
abundant phenolic acids in artichoke. The content of
CA of the samples was significantly affected by
artichoke fraction and solvent used (Table 1 and 2). In
general, aqueous ethanol provided the highest
concentrations of CA (298.09-883.67 ug 100g* DM). It
is also, more advantageous than methanol because it
is environmentally friendly. Regarding artichoke
fraction, AB contained the highest levels of CA.

TF contents of the samples varied in the range of
1.30-7.34 mg RE g! DM depending on artichoke
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fraction and solvent used (Table 1). Similar result different standard phenolics. This study showed that

was reported by Gaafar and Salama (2013) who found TF values of the extracts obtained using aqueous
2.06-9.85 mg quercetin equivalent (QE) g* DW of TF ethanol and methanol were lower than their TP ones
in artichoke byproducts. However, this result is in but those of water extracts were higher than their TP
contrast with the study of Dabbou et al. (2016) which values. Moreover, water extracted the highest amount

reported that artichoke byproducts contained 7.8-64.9 of TF for all fractions examined. Regarding artichoke
mg catechin equivalent (CE) g! DW of TF. This fraction, the highest levels of TF were obtained from
discrepancy might be due to differences in varieties of AH extracts.

artichoke used and expression of the results using

Table 1 TP, TF, CA and AC values of artichoke fractions
Cizelge 1. Enginar fraksiyonlarinin TP, TF, KA ve AK degerleri

Solvent
Ethanol (80%) Methanol (80%) Water
TP (mg GAE g DM) Head 5.52 + 0.02Cb* 4.26 + 0.19Ca 4.63 +0.11Ba
Bract 3.05+ 0.23Ba 2.58 + 0.06B2 4.68+ 0.51Bb
Stalk 2.11+0.232 1.98 + 0.044 1.74 + 0.14A
AC (mmol AAE 100g'! DM) Head 1042.17 + 1.99Ca 1451.22 + 22.80¢b 1034.70 + 12.52Ba
Bract 715.93 + 6.81Ba 751.25 + 24.27Ba 1243.21 + 133.278b
Stalk 467.79 + 6.97Ab 433.73 + 2.89Aa 566.78 + 4.03Ac
TF (mg RE g'' DM) Head 5.35 + 0.09Bb 3.20 + 0.33Ba 7.34 £ 0.23Cc
Bract 1.51 + 0.304a 1.30 + 0.094= 6.25 + 0.21Bb
Stalk 1.31 + 0.104a 1.61 + 0.014b 2.37 + 0.04Ac
CA (pg 100g DM) Head 823.40 + 0.63Bc 268.06 + 19.054b
Bract 883.67 + 40.25Bb 862.55 + 26.28Bb 490.685 + 36.632
Stalk 298.09 + 25.68A¢ 219.36 + 11.234b

*For each variable, means in a row (a-c across solvent type) and in a column (A-C across fraction type) with different letters are significantly different (P < 0.05).

Table 2 Variance analysis results on the effect of artichoke fraction, solvent and their interactions on TP, TF, CA
and AC values of the extracts
Cizelge 2. Enginar fraksiyonu, solvent ve bunlarin interaksiyonlarinin, ekstraktlarin TP, TF, KA ve AK
degerlerine etkisine ait varyans analizi sonuglari

Sources of TP AC TF CA
variation DFa  MSb F MS F MS F MS F
Fraction 2 12.263 127.810* 717132.080 168.529* 19.205 272.365*% 510894.612 478.905*
Solvent 2 0.949 9.893* 66080.838 15.529* 18.008 255.388* 384586.121 360.505*
Fraction x 4 1.183 12.329* 115429.170 27.126* 3.418 48.477*  56804.113  53.247*

solvent

2 Degree of freedom; » Mean squares; * Significance at £<0.05

AC of the samples varying from 433.73 to 1243.21 demonstrated by D’Antuono et al. (2015) for artichoke
mmol AAE 100g! DM is shown in Table 1. With head, Bouayed et al. (2012) for different apple

respect to artichoke fraction, the same trend was cultivars and Figueroa et al. (2016) for different
observed as in the cases of TP and TF. As agreement walnut varieties. The reduction of TP after in-vitro
with this result, Mena-Garcia et al. (2020) found that digestion could be attributed to sensitivity of
receptacle (head) extract showed the highest polyphenols to environmental factors such as pH
antioxidant activity. While the highest AC was change, light and heat, and also their degradation by
observed in the extracts obtained using aqueous digestive enzymes (Pinto et al., 2017). In addition,
methanol for AH, water provided the highest AC for during gastro-intestinal digestion, polyphenols may
both AB and AS among the solvents used. interact with other food constituents such as sugars,

lipids, proteins and fibre, which can reduce or

The Effect of In-vitro Digestion on TP Content and improve their bioaccessibility (Helal et al., 2014).
AC of Artichoke Fractions Bioaccessibility of polyphenols after gastric digestion

The TP content and AC of the extracts showed a (19.54-61.62%) was almost similar to that after
similar trend after in-vitro digestion. They both ~ infestinal digestion (17.36-64.37%) depending on
greatly decreased compared to their initial values artichoke fraction and solvent used (Table 3). For

(Table 3). The reduction of TP content and thus AC ~ each ~fraction, —the highest ~bioaccessibility —of
after gastrointestinal digestion has also been polyphenols was observed in methanolic extract but,
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the lowest one was observed in water extract. This
can be due to differences in type of polyphenols in the
extracts and their stabilities in relation to polarity of
solvents used. Because, bioaccessibility of individual

phenolic compounds was different (D’Antuono et al.,
2015). Regarding artichoke fraction, in general,
bioaccessibility of polyphenols in AS and AH extracts
was higher than that in AB.

Table 3 Values of TP, AC and bioaccessibility of TP of artichoke fractions after in-vitro gastrointestinol digestion
Cizelge 3. Enginar fraksiyonlarinin In-vitro gastrointestinal sindirim sonrasi TP ve AK degerleri ile

polifenollerinin biyoerisilebilirligi

Gastric
Ethanol Methanol Water

TP (mg GAE g DM) Head 2.28 + 0.05CP 2.50 £ 0.16Bb 1.64 + 0.07Ba

Bract 1.10 £ 0.07B 1.25+0.014 0.93 £ 0.204

Stalk 0.77 + 0.024b 1.22 + 0.024¢ 0.52 + 0.024a
AC (mmol AAE 100g? Head 362.53 + 13.82¢a 526.04 + 2.628b 365.99 + 11.17Ca
DM) Bract 62.62 + 7.35Ba 115.45 + 5.514b 131.02 + 16.36Bb

Stalk 7.98 £ 0.0342 114.68 + 1.77Ac 58.72 + 1.854b
Bioaccessibility (%) of Head 41. 25 £ 0.7542 58.54 + 1.04Bb 35.49 + 2.29Ba
TP Bract 36.04 + 0.334b 48.53 + 0.74A¢c 19.54 + 2.014a

Stalk 36.67 + 3.3442 61.62 + 2.398Bb 29.78 + 1.45Ba

Intestinal
Ethanol Methanol Water

TP (mg GAE g1 DM) Head 2.16 + 0.00¢b 2.68 £ 0.07Cc 1.37 £ 0.08Ba

Bract 1.11 £ 0.01Bb 1.55 £ 0.02B¢ 0.81 £ 0.044a

Stalk 0.96 + 0.05Ab 1.28 £ 0.03Ac 0.68 + 0.024a
AC (mmol AAE 100g? Head 176.31 + 22.19Ba 557.75+ 61.33Bb 249.47 + 36.908B2
DM) Bract 74.48 + 6.18Aa 193.77 + 31.94Ab 212.72 + 8.01Bb

Stalk 27.48 + 3.85Aa 30.07 + 3.26%2 107.28 + 0.094b
Bioaccessibility (%) of Head 39.25 + 0.084b 62.88 + 1.214¢c 29.63 + 2.45B2
TP Bract 36.36 + 2.654b 60.11 £ 0.64A¢c 17.36 £ 1.074a

Stalk 45.50 + 2.83Aa 64.37 + 2.83Ab 38.83 + 2.16Ca

*For each variable, means in a row (a-c across solvent type) and in a column (A-C across fraction type) with different letters

are significantly different (/<0.05).

CONCLUSIONS

In this study, TP, TF, CA and AC levels and in-vitro
bioaccessibility of polyphenols (as gastric and
intestinal stages) of the extracts from artichoke
fractions were investigated. Artichoke fraction and
solvent used significantly affected TP, TF, CA and AC
levels of the samples. The highest TP, TF and AC
values were obtained from AH extracts. However, AB
contained the highest levels of CA for all solvent. For
all parameters measured, efficiency of solvents used
changed according to the fractions. TP content and
AC at initial decreased at different rates depending
on the fraction and solvent after gastrointestinal
digestion. For each fraction, methanol extract had the
highest bioaccessibility of TP after digestion.
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ABSTRACT

Reducing post-harvest losses is a reasonable step towards food security
globally. However, the lack of deep knowledge of the causes and
determinants of postharvest loss poses a great challenge to strategies for
alleviating postharvest loss. This study, therefore, identifies the causes
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and drivers of postharvest losses in onion, in Nigeria, to alleviate the Received 122.03.2022
menace. Data collected from 360 farmers between February and April Accepted 129.09.2022
2021 were analyzed with descriptive statistics and a multiple regression

model. Results showed that the primary causes of postharvest loss were Keywords

rot, diseases and pests, drying, and bruises. While, poor storage facilities, Onion

poor transportation systems, long distances to marketing centers, poor Post-harvest loss
agricultural extension services, and inadequate credit were secondary Causes

causes. The driving factors of postharvest losses in onion were extension Determinants

services (B = -0.1269, p < .05), access to credit (B8 = -0.1054, p < .05),
household size (B = -0.2650, p < .01), age of the farmer (8 = 0.0557, p <
.05), level of education (8 = -1.0500, p < .01), farm size (8 = 0.3801, p <
.01), distance to market (B = 0.2187, p < .05), output (8 =0.1180, p <.01),
and length of storage after harvest (8 = 0.0635, p < .05). These findings
call for improved transportation systems in agrarian areas, overhauling
of extension services, making credit facilities available to farmers at
affordable interest rates, and developing efficient post-harvest
management technologies by research institutes.

Food security

To Cite: Falola A, Mukaila R, Uddin II RO, Ajewole CO, & Gbadebo W 2022. Postharvest Losses in Onion: Causes and

Determinants. KSU J. Agri Nat 26 (2), 346-354. https://doi.org/10.18016/ksutarimdoga.vi.1091225.
INTRODUCTION

Achieving self-sufficiency in food production is a major
challenge confronting many developing nations,
especially sub-Saharan Africa. This challenge is not
only a result of the inability of such countries to meet
their target in terms of agricultural production but also
due to the food losses along their supply chains (FAO,
2011; Nicastro and Carillo, 2021). Food and
Agricultural Organization (2011) identified five stages

onion value chain from the farmers’ perspective rather
than consumers, retailers, and processors’ perspective.
This is because farmers bear most of the monetary loss
and double as producers and distributors of onion to
the market in many developing countries (Delgado et
al, 2021).

The postharvest loss could be seen from two
perspectives — quantitative and qualitative (Sheahan
and Barrett, 2017). The quantitative approach

of food loss — agricultural production, postharvest,
processing, distribution, and consumption. Food losses
at production involve those due to spillage during
harvest operation and mechanical damage.
Postharvest losses involve spoilage during handling
and storage that reduce crop value (Kumar and Kalita,
2017). Food losses at processing entail those at both
domestic and industrial processing stages. Losses at
the distribution stage entail those at the market
system while those at the consumption level mostly
involve food waste at the household consumption stage
(FAO, 2011). This study specifically focuses on the

measures the postharvest loss in terms of the
reduction in the physical count of food commodities in
time and space. The qualitative approach measures
the postharvest loss in terms of reduction in nutrients,
viability, aesthetic properties, and nutritional
properties of food items (Sheahan and Barrett, 2017).
One-third of the food produced to feed the growing
population is lost globally (Nicastro and Carillo, 2021).
Thus, postharvest loss has been a bane to food security
in many developing nations, including Nigeria.
Estimates of postharvest food losses in developing
countries from pest infestation, spoilage, and
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mishandling are put at over twenty-five percent
(Kulwijila, 2021). This implies that about one-quarter
of food produced for human consumption never reaches
them. Besides, postharvest losses have prevented the
effect of the possible increase in yield due to
agricultural innovations to be felt on the income of the
small-scale farmers in such countries (Delgado et al.,
2021). Aidoo et al. (2014) noted that fresh vegetables
suffer a high postharvest loss than cereals due to their
high perishability nature. One of such vegetables is
onion.

Onions (A/lium cepa L. are major vegetable crops
farmed primarily as food for home use and export in
many parts of the world, especially the bulb types.
They are highly valued for their herbs, nutritional
values, and flavor because of their richness in fiber,
minerals, protein, vitamins, calcium, iron, ascorbic
acid, insulin, Sulphur, and calories (Bektas and Kiisek,
2021; Slimestad et al.,, 2007). Onions also have

interesting technological properties and health
benefits such as antithrombotic, hypolipidemic,
prebiotic, antimicrobial, anticarcinogenic, and

antioxidant properties that made them have been
revered not only for their culinary use but also for their
therapeutic properties (Bektas and Kiisek, 2021; Nasri
et al., 2012). It as well plays a significant role in the
livelihood of people who are involved in its production
and value chain both in rural and urban areas of
developed and developing countries. However, it is
replete with a reasonable amount of postharvest loss,
like many other vegetables. Onion production in
Nigeria is over 1.1 million tons which makes it the
largest onion producer in West Africa (Ministry of
Foreign Affairs, 2021). However, Nigeria had a
significant share in onions lost in Africa and the world.

Over the years, many studies have been carried out on
the intensity of postharvest losses in onion production
and its cost implications on the farmers (Emana et al.,
2017; Gorrepati et al., 2018; Sharma, 2016). While
these studies have focused on the losses incurred by
onion farmers, studies that specifically focus on the
determinants of these losses are lacking. Several
studies have argued that mitigating post-harvest loss
is a reasonable pathway to food security and income
generation among farmers (Mlambo et al., 2017;
Ng’ang’a et al., 2016; Tesfaye and Tirivayi, 2018; Shee
et al., 2019). However, a lack of relevant information
on the causes and the socio-economic factors
responsible for these losses poses a serious challenge
to using relevant mitigation strategies (Affognon et al.,
2015; Prusky, 2011). Most often, the cost involved in
managing the postharvest losses is borne by the farmer
(Delgado et al, 2021). Therefore, to formulate relevant
policies that will make farmers achieve profit
maximization goals, there is the need to minimize
postharvest losses. This can be achieved when the
factors that lead to this menace are identified.

347

Therefore, the main aim of this study is to identify the
drivers of postharvest loss in onion production in
Kaduna State, Nigeria. Specifically, the study
describes the socioeconomic characteristics of onion
farmers, determines the causes of postharvest loss in
onion production, and identifies the determinants of
postharvest losses in onion.

MATERIAL and METHOD
Study Area

The study was carried out in Kaduna State, Nigeria.
The state 1s located in northwest Nigeria at
coordinates 10°20'N 7'45’E and has a landmass of
46,053km? (Wikipedia, n.d). The state has 23 Local
Government Areas. Kaduna state is one of the top
onion-growing states in Nigeria with Zaira, Giwa, and
Kaduna South as leading LGAs with onion production
in the state. It is worthy of note that there is no well-
defined demarcation among value chain actors for
onions in the state, as the farmers largely double as
marketers (involved in onion distribution) in the study
area.

Sampling Techniques and Data Collection

The population for the study was made up of onion
farmers. A three-stage sampling technique was used to
select the respondents. First, a purposive selection of
three LGA - Zaira, Giwa, and Kaduna South — was
made, due to the preponderance of onion farmers in the
areas. In the second stage, six communities from each
LGAs were selected, randomly. After this, 20 onion
farmers were randomly selected in each of the selected
communities, making a total of 360 respondents. The
field survey was conducted between February and
April 2021.

Primary data were collected from onion farmers using
a semi-structured questionnaire and personal
interviews. Data collected include information on
farmers’ socioeconomic characteristics, postharvest
losses, and perceived causes of the losses.

Data Analysis

Data analyses were carried out with descriptive
statistics and multiple regression analysis. Descriptive
statistics involving frequency distribution tables,
mean, and charts were used to summarize the
socioeconomic characteristics of the farmers and to
identify the main causes of postharvest loss in onion
production. To identify the major causes of postharvest
loss in onion production, responses from the
respondents were ranked on a five-point scale using
the scoring order very high (5), high (4), moderate (3),
low (2), and very low (1). A weighted average index was
then estimated

wal = 2 W
XF;

Y]

XF;
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Where: WI=weighted index, 1= weight, W= weight of
each scale and F'=frequency (Falola and Achem, 2017).
A multiple regression model was used to identify the
major factors that influence postharvest losses in the
study area. Since no econometric theory specifies an
exact mathematical relationship between postharvest
loss and its potential determinants, four functional
forms namely double log, exponential, semi-log and
linear models were fitted. But the double-log function
gave the best fit based on relevant econometric criteria
discussed in this study. These include the signs of the
coefficients in line with a priori expectations, the
number of significant variables, F-statistics, and the
value of the coefficient of multiple determination. The
model is expressed as:

LnPL = bo + biLnAg: + beLnEds + bsLnHS3 + b.LnFE;
+bsLnACs + bsLnECs + bzLnMF7 + bsLnFSs + boln THo
+ b1oLinOio + b11LnDi; + b12LinLS12 + u ©)]

Where Ln represents natural logarithm, PL
Postharvest loss (kg), Ag1 = age of farmer (years)

Ed2 = educational level (years), HSs = Household size
(number of people in the household), FE4 = farming
experience (years), ACs = access to credit (amount
measured in Nigerian Naira), ECs = extension services
(number of agricultural extension contacts), MF7; =
membership of farm-based organizations (member =1,
non-member = 0), FSs = farm size (hectares), THy =
time of harvest after maturity (days), O10 = output (kg),
D11 = distance to market (km), LS12 = length of storage
after harvest (days) and u = error term.

RESULTS and DISCUSSION

Demographic and Institutional Features of Onion
Farmers

The socio-economic characteristics of the respondents
are presented in Table 1. Most of the onion farmers
were males, indicating male dominance in the
enterprise. They had an average age of about 44 years
which agrees with Agir and Akbay (2022). This shows
that the majority of the farmers were still in their
economic active and productive age. Due to energy
requirements in small-scale agriculture, the age of the
farmers is an important factor that could influence
labor availability, physical capacity and productivity
(Gbigbi 2021; Mukaila et al., 2020). Thus, the onion
farmers could be described as farmers with the
required energy needed for efficient production. Most
of the farmers were married and had large households,
which suggests that onion production is a major means
of catering for the family (Table 1). Besides, the rural
farmers in most African countries have a larger
household size to serve as family labor in their
agricultural production activities (Achoja and
Obodaya, 2019; Mukaila et al. 2021). Thus, the onion
farmers could have household members who could
serve as family labor at their disposal. There was a low
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level of literacy among the respondents, which agrees
with the findings of Aidoo et al. (2014). High
postharvest loss is common among farmers with no
formal education (Obayelu et al., 2021).

The majority of the farmers engaged in onion
production as their primary occupation (Table 1).
Membership of farm-based organizations was low
among the respondents, which could hinder their
access to credit facilities. The majority of the
respondents were operating on a small scale with an
average farm size of 2.8 hectares (Table 1). Onion
production is an age-long venture in the study area as
the respondents possessed some levels of farm
experience (an average of 13.6 years). Most of the
respondents did not have access to extension services.
Most of the farmers fund their farm business mainly
with personal savings while a few fund their
operations with credit from banks, cooperatives
society, friends and relatives, and local money lenders.
This implies a low level of access to external finance,
especially commercial banks, by the onion farmers.
This could limit their level of cultivation, as external
finance increases farmers' level of investment (Falola
et al., 2022).

The extent of Postharvest Losses in Onion

The extent or level of postharvest loss in onion in the
study area is presented in Table 2. The larger
proportion of the farmers experienced 21% to 30%
postharvest loss in onion. This was followed by 21.1%
of respondents who recorded 11% to 20% postharvest
loss. About 17% of the farmers recorded 31% to 40%
postharvest loss, 15.8% recorded not more than 10%
postharvest loss, 13.9% experienced 41% to 50%
postharvest loss while just 6.1% of the farmers
recorded over 50% postharvest loss in onion
production. On average, the farmers experienced a
23.9% postharvest loss in onion. This shows that
postharvest loss is a serious challenge in onion
production and the value chain. This further implies
that about one-third of the total value of onion
produced was lost. This is in tandem with Calica and
Cabanayan (2018) who reported a 31.49% postharvest
loss in onions in the Philippines.

Causes of Postharvest Loss in Onion

The major causes of postharvest loss in onion
production are presented in Figure 1. The primary
causes of postharvest loss in onion in the study area
were rot, diseases and pests, drying, and bruises. Rot
in onion, caused by fungi and bacteria, contribute
immensely to postharvest loss in onion. This leads to
leaf dieback and wilting, and consequently leaf and
bulb decay. Diseases and pests such as black mold,
Colletotrichum blight, Stemphylium leaf blight, purple
blotch and damping-off also cause a serious
postharvest loss in onions (Ji et al, 2018; Tolouee et al,
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2010). The quality and quantity loss caused by diseases
accounts for huge economic losses in agriculture
(Giinact1 and Ay, 2021). Postharvest loss due to drying
of onion leaves at a premature stage and drying of bulb
reduce the quality and market price of onion. Bruising

of onions commonly from poor transportation and
packaging causes damage and postharvest loss of
onion. This suggests that most of these primary causes
of postharvest loss in onion production were during on-
farm operations and/or storage.

Table 1. Demographic and institutional features of onion farmers

Variables Category Frequency Percentage
Gender Male 302 83.9
Female 58 16.1
Age (years) 30 — 40 68 18.9
41 -50 232 64.4
51 -60 42 11.7
Mean = 44.3 Above 60 18 5.0
Marital status Single 26 7.2
Married 274 76.1
Widowed 48 13.3
Divorced 12 3.3
Household size 1-5 102 28.3
6-10 202 56.1
11-15 36 10.0
7.8 Above 15 20 5.6
Level of formal education No formal education 198 55.0
Primary 134 37.2
Secondary 28 7.8
Primary occupation Farming 352 96.7
Others 8 3.3
Membership in farm-based organizations Yes 252 70.0
No 108 30.0
Extension Service Yes 64 17.8
No 296 82.2
Farm size (hectares) 1.1-2.0 28 7.8
2.1-3.0 256 71.1
3.1-4.0 40 11.1
4.1-5.00 24 6.7
Mean = 2.8 >5.00 12 3.3
Farming experience (years) 1-10 142 39.4
11-20 150 41.6
21-30 56 15.6
Mean =13.6 Above 30 12 3.4
Major source of capital Personal savings 286 79.4
Friends and relatives 28 7.8
Local money lenders 16 4.4
Banks 8 2.2
Cooperatives 22 6.1

Source: Field survey, 2021

Table 2. Extent of postharvest losses in onion in the study

area
Percentag.e pos.tharvest loss Frequency Percentage
in onion

<10 57 15.8
11-20 76 21.1
21-30 94 26.1
31-40 61 16.9
41-50 50 13.9
>51 29 6.1
Total 360 100.0

Source: Field survey, 2021
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Further investigations were made to determine the
secondary causes of postharvest loss in onion as
perceived by the respondents (Table 3). The most
critical secondary causes of postharvest loss in onion in
the study area, in decreasing order of importance, were
lack of credit to carry out their operations at the right
time, poor storage facility, lack of agricultural
extension services to train them on mitigating the loss,
poor transportation system and long distances to
marketing centers. This finding is in tandem with the
report by Aidoo et al. (2014) on the causes of tomato
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postharvest loss in Ghana. A critical look at these
causes reveals that most of them are issues that are
beyond the control of the farmer. Issues within their
control such as harvesting techniques, type of the

varieties grown and time of harvest were adjudged to
have a minimal or low impact on postharvest loss in
onion in the study area.
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Figure 1. Primary causes of onion postharvest loss in the study area
Source: Field survey, 2021
Table 3. Secondary causes of postharvest loss in onion
Secondary Causes Very high(5) High (4) Moderate (3)  Low (2) Very low (1)  WI WAI  Rank
Lack —of —credit o554 4 130(36.1) 18 (5.0) 12(3.3)  4(1.1) 1582 4.39  1st
facilities
Poor storage facility 140 (38.9) 130(36.1) 58 (16.1) 32 (8.9) 0 (0.0) 1458 4.05 2nd
Lack of agricultural 7, (105 90(95.00 24 (6.7) 64(17.8) 8(2.2) 1438 3.99  3rd
extension services
fy";tl;nfransf’ortatmn 86(23.9  48(13.3) 90 (25.0) 106 (29.4) 30 (8.3) 1134 3.15 4th
;";iet distance 0 o) (177)  98(27.2) 46 (12.8) 94(26.1) 58(16.1) 1096 3.04 5th
Type of variety used 48 (13.3) 42 (11.7)  84(23.3) 168 (46.7) 18 (5.0) 1014 2.82  6th
Bad weather 52 (14.4) 60916.7) 24 (6.7) 126 (35.0) 98 (27.2) 922 256  Tth
Poor = harvesting (4 g 24 (6.7  36(10.0) 174 (48.3) 112(31.1) 734 204  8th
technique
Untimely harvest 8(2.2) 12 (3.3) 68 (18.9) 160 (44.4) 112(31.1) 724  2.01  9th

Note: Figures in parenthesis are in percentages.
Source: Field survey, 2021

Determinants of Postharvest Loss in Onion

Table 4 shows the determinants of postharvest loss in
onion in the study area. The coefficient of multiple
determination (R?) is 0.6854, implying that the
explanatory variables in the model explain about 69%
of the total variations in the postharvest loss in onion
production. The results reveal that the significant
factors influencing postharvest loss in onion
production in the study area were age, educational
level, household size, distance to market, farm size,
access to credit, access to extension services, output,
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and length of storage after harvest.

The age of a farmer was significant (p < 0.05) and
positively related to postharvest loss in onion
production. This suggests that older farmers are likely
to incur more postharvest loss than young ones. This
may be due to the fact that the older a farmer is, the
less innovative or energetic he is likely to become
(Girei et al, 2016). Ceteris paribus, young farmers are
likely to have the required physical strength to carry
out postharvest management, thereby minimizing
postharvest loss than their old counterparts. Also, the
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young farmers are usually more innovative and more
likely to adopt improved postharvest management
practices than their older counterparts (Falola et al,
2017).

The level of education of the respondents was very
highly significant (p < 0.01) and negatively related to
postharvest loss. This implies well-educated farmers
have lower post-harvest losses than those with less
education. Education has been reported to enhance the
ability of an individual to make better, meaningful and
more accurate decisions (Akanbi et al., 2020). It can
also enhance the adoption and use of improved
technologies that may guide against postharvest loss.
This result is in line with many similar studies
(Kikulwe et al. 2018; Shee et al. 2019).

The household size of the respondents was significant
(p < 0.01) and negatively affected postharvest losses in
onion production. This suggests that farmers with
large household sizes tend to incur less postharvest
loss. This could be due to the relatively high
availability of family labor to such farmers which
makes postharvest management practices much faster
and more efficient. Aidoo et al. (2014) reported a
similar finding that household size influenced
postharvest loss in tomato production.

Table 4 further shows that access to credit influences
postharvest losses in onion production negatively (p <
0.05). This result implies that the more access farmers
have to credit, the lower the level of postharvest losses
they incur. On the other hand, those who have little or
no access to credit are likely to incur more postharvest
losses. Managing postharvest loss could involve high
financial costs which may be difficult for farmers who
do not have much financial strength to undertake. This

Table 4. Determinants of postharvest loss in onion

may not be untrue about the onion growers in the
study area, especially given the fact that most of them
finance their farm operations with mainly personal
savings (See Table 1).

A similar relationship existed between access to
extension services and postharvest loss in the study
area. Those who had more agricultural extension
contacts had less postharvest loss than those who did
not. This could be due to the possibility of receiving
training on postharvest loss by the former group of
farmers than the latter ones. A similar finding was
reported by Shee et al. (2019) that access to extension
services lowered postharvest losses of sweet potato and
maize value chains in Uganda.

The results also show that the larger the farm area put
under cultivation, the more postharvest loss and vice
versa. This could be due to the low level of modern
storage facilities to store and preserve the harvested
onions. Similarly, an increase in the output of onion
also increased postharvest loss. This may also result
from a lack of proper storage due to poor storage
facilities. It may also be due to the high labor
requirement needed to carry out the harvesting on
time which may be lacking or not within the reach of
the farmer. The same explanation may be responsible
for the positively significant influence of the length of
storage on postharvest loss in the study area.

Distance to market also influenced postharvest loss in
onions production positively (p < 0.05). This implies
that the longer the distance covered from the farm to
the market, the higher the postharvest loss in onion
production, ceteris paribus. This could be a result of
poor road network in the rural areas which contributed
to and/or resulted in the postharvest loss.

Variables Coefficient Standard error  t-value p-value
Age of farmer 0.0557** 0.0282 1.9762 0.042
Education -1.0500%** 0.1455 -7.2142 0.000
Household size -0.2650%** 0.0930 -2.8513 0.005
Farming experience 0.0823 0.7843 0.1049 0.295
Access to credit -0.1054** 0.0532 -1.9797 0.049
Extension services -0.1269** 0.0616 -2.0589 0.040
Membership in a farm-based organization  0.8897 0.1236 7.2004 0.472
Farm size 0.3801*** 0.0907 4.1900 0.000
Time of harvest after maturity 0.0785 0.7463 0.1052 0.293
Output 0.1180*** 0.0189 6.2463 0.000
Distance to market 0.2187** 0.1102 1.9853 0.038
Length of storage after harvest 0.0635** 0.0318 1.9967 0.043
Constant 13.9243 1.1657 11.9449 0.000
Rz 0.6854

Adjusted R2 0.6531

F-value 17.02

*kk ok ok
’ )

Significant at 1%, 5% and 10% respectively
Source: Authors’ computations, 2021
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CONCLUSION

This study reveals that the major causes of postharvest
losses in onion are rot, diseases and pests, drying,
bruises, lack of credit to carry out their operations at
the right time, poor storage facilities, lack of
agricultural extension services to train them on
mitigating the loss, poor transportation system and
long distances to marketing centers. Meanwhile, the
factors associated with high levels of postharvest loss
are the age of the farmer, farm size, output, distance to
market and length of storage. Educational level,
household size, extension services and access to credit
are associated with the low level of postharvest losses.
It can be inferred that most of the primary causes of
postharvest losses are during off-farm operations and
storage periods. Moreover, most of the causes of
postharvest loss in onions are issues that are beyond
the control of the farmer. Therefore, measures that will
address postharvest losses in onion production should
be put in place. The Ministry of Agriculture in
collaboration with relevant research institutes should
develop efficient technologies that will prolong the
shelf life of onion thereby minimizing postharvest
losses in onion production. Such technologies should be
such that they inhibit the growth of pests and provide
an efficient storage system. Meanwhile, there is a need
for the Ministry of Agriculture and allied agencies to
overhaul extension services among onion farmers in
the study area. This could be through employing more
agricultural extension workers and/or the introduction
of extension education programs on efficient post-
harvest management practices through regular
extension contacts. This will improve the technical
knowledge and skills of the farmers and make them
handle postharvest activities perfectly. Also, measures
that will solve the problems of poor transportation in
the study area should be taken. These may include the
rehabilitation and construction of feeder roads and
provision of buses by the Ministry of Transportation or
in collaboration with private transport companies.
This will ease the conveyance of onions from the farm
to the market by farmers.

Moreover, financial institutions such as banks and
other lending institutions should make credit facilities
available to the farmers to carry out postharvest
handling practices effectively. The provision of such
credit facilities should be timely and at affordable
interest rates, as these will encourage farmers to
obtain them and safeguard against high postharvest
losses. Young individuals should be encouraged to
practice agriculture (including onion production), as
this study has revealed that age has a positive
influence on postharvest loss. This could be by making
agriculture attractive to them through the provision of
farm inputs at a subsidized rate and a favorable
environment. This is more so important, especially in
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African agriculture, where agricultural production
(including postharvest management practices) is
largely carried out with manpower, which usually
diminishes with age, due to the lack of mechanical
power or the inability of many farmers to afford it. In
the same vein, well-educated individuals should be
encouraged to go into agriculture, as this study has
shown that education reduces postharvest losses in
onion.
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ABSTRACT

The vulnerable group is the most prone to artificial or natural shocks,
which could expose them food insecurity. Yet, there exists a dearth of
practical information on their dietary diversity and food security status.
This study, therefore, assessed the food security status and dietary
diversity of the vulnerable group of Fadama IIT Additional Financing in
Nigeria. Primary data collected from 165 respondents were analyzed
using descriptive statistics, cost-of-calories, logit model, household
dietary diversity score and Tobit model. The results revealed that the
vulnerable group was aged smallholder farmers with a low average
monthly income of N13,718 (USD 37.13). The majority (88.5%) were food
insecure, while only 11.5% met the daily calorie intake of 2,260 kcal per
capita. Educational level, income, and value of productive assets
positively influenced their food security status, while household size
negatively impacted them. Most of the vulnerable group had low dietary
diversity, with a range of 0.31 to 0.40, indicating poor nutrition among
them. The determinants of dietary diversity among them were gender,
educational level, and household size. The most commonly employed food
insecurity coping strategies were allowing children to eat first, collecting
food from the wild, selling assets to buy food, eating once a day and
purchase food on credit. This study suggests policy measures for
educating the vulnerable group ,providing production assets and better
family planning for the vulnerable group to enhance their dietary
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INTRODUCTION

Food security is one of the significant determinants of
the level of people’s welfare and well-being, economic
growth, and development (Mukaila et al., 2021). Food
insecurity remains a global challenge, as over 820
million people are hungry (FAO, 2019). Developing
nations have the highest number of food-insecure
globally, as they account for 95.1 percent of the global
food insecure people (De La O Campos et al., 2018;
FAO, 2015). African nations are faced with hunger and
low purchasing power (Mukaila et al., 2022; Uzel et al.,
2021). Around 25 million people in Nigeria face
undernourishment, and about 18 million are severely
food insecure (FAO, 2020). For instance, Nigeria was
ranked 38th in 2014 among the nations with food
deficiency (Global Hunger Index, 2014). Though
several measures have been put in place to reduce food
insecurity in the country and to remove Nigeria from
the Global Hunger Index (GHI), this has not been
achieved by the nation, as Nigeria keeps appearing

and ranking high every year among the countries with
food deficits. The GHI (2019) still shows that Nigeria
is still suffering from a serious level of hunger, with a
GHI score of 27.9. The rural areas of the country are
the most hit in terms of food insecurity, as more than
forty percent of rural households are faced with severe
food insecurity (Mukaila et al., 2020; Nigeria MDGs
End-point report, 2015).

Malnutrition is widely spread in Nigeria, especially
among rural dwellers. The vulnerable group, which
includes those with chronic health conditions, children,
the elderly, smallholder farmers, lactating mothers,
pregnant women, the poor, and the physically
challenged, are mostly faced with food insecurity.
Many of them have fragile health conditions that
require adequate nutrition to keep them strong. They
suffer from the consequences of artificial or natural
shocks. Malnutrition and undernutrition are common
among them, especially in children (Ghosh, 2020).
Inadequate protein and energy intake may result in
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low maternal weight and low weight gain in the infant,
which may affect the general household health status.
This 1s because inadequate nutrient/food intake is a
significant driver of undernutrition (Marinda et al.,
2018).

Smallholder farmers, who are part of the vulnerable
group, also face the challenge of food insecurity as the
majority of them live in rural areas. Interventions
through Fadama III additional financing (AF) group
could provide an essential alternative strategy for
reaching the vulnerable group in Nigeria. The Fadama
ITT project, which started in the year 2009, is aimed at
increasing the income of rural farmers on a sustainable
basis through accessibility to land and water
resources. At the end of the Fadama III project in 2013,
Fadama III Additional Financing was introduced in
2014, following the successes of the parent project in
the 36 states of Nigeria. Several authors have assessed
the dietary diversity and food security in households
(Ahmadzai and Akbay, 2020; Ambali et al., 2015;
Babatunde et al., 2007; Egwue et al., 2020; Mukaila et
al., 2020; Obasan et al., 2017; Omotesho et al., 2006;
Oyebanjo et al., 2013; Obasan et al., 2017). However,
there is still a shortage of practical information on the
food security status of the vulnerable group. But then,
food insecurity may exist among the vulnerable group
because of their low purchasing power and low food
production to meet their food needs borne out of
community food production resources and indices. The
issues of adequate farm resources and supply could
also come into play in determining food security status
in communities. In line with this, this study was poised
to investigate the level of food security of the
vulnerable group in Niger State, Nigeria, using the
vulnerable group of the Fadama IIT AF as a case study.
Specifically, the study assesses the food security status
of the wvulnerable group; examines the factors
influencing food security among the vulnerable group;
assesses their level of dietary diversity; investigates
the determinants of their level of dietary diversity; and
assesses how they cope with food insecurity. This

would serve as empirical evidence for policy
intervention to lower the menace among the
vulnerable group.

MATERIAL and METHOD

Study Area

This study was conducted in Niger State, Nigeria. The
state is the largest in Nigeria and lies at a latitude of
3.20° E and a longitude of 11.30° N. The state is
bordered nationally by Kogi, Kebbi, Zamfara, Kwara,
and Kaduna states and the Federal Capital Territory.
The state shares an international border with the
Republic of Benin. The state has a 76,363 km? with 25
Local Government Areas (LGAs), which are grouped
into three agricultural zones. The Fadama III
Additional Financing covers the three agricultural
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zones of the state. Its beneficiaries are called Fadama
User Groups (FUGs). One of the FUGs was composed
mainly of the most vulnerable groups in society and is
located in some of the LGAs of the state. Agriculture is
the primary means of people’s livelihood in the state.

Design and Sampling Techniques

In this study, the vulnerable group of the Fadama III
Additional Financing Programme was used as the
respondents. This was because there was no formal list
of the vulnerable group in the study area. Thus, the
only list of the vulnerable group that was available to
the researchers was that of the program. Though this
may limit the research to respondents with nearly the
same primary occupation (farming), the outcome of the
study is expected to influence policy interventions to
improve the food security status of the vulnerable
group in society. A three-stage sampling technique was
employed for selecting the respondents.

In stage one, Mokwa and Bida LGAs (in Zone A),
Paikoro, Shiroro, Munya and Bosso LGAs (in Zone B),
and Kontagora LGA (in Zone C) were randomly
selected. A list of the vulnerable beneficiaries was
compiled from the seven LGAs with the help of the
Fadama Facilitators. The second stage was the
purposive selection of the vulnerable group across the
three zones. Lastly, 165 members of the group were
randomly selected from a population of 280 people
based on the proportion of the vulnerable beneficiaries
using probability proportion to size techniques (Table
1). It is given as:

Nx*X
n= (X+N-1) @)
_Za a-p)
X= ZZ*P*MOEZ @)

Where;

N is the population size (280), ZZ—Z is the critical value

(1.96) at a/2, confidence (a is 0.05), p is the sample
proportion (0.5) and margin error is 0.05. This gives a
minimum sample size of 162 respondents. For a good
representation of the population, the study used a
sample size of 165 respondents.

Source of Data and Data Collection

The study obtained its data from primary sources,
collected through a questionnaire and an interview
schedule. The study also conducted Focus Group
Discussions (FGD) to make the study more
participatory and interactive. The questionnaire was
structured and validated to collect data on their
socioeconomic characteristics, productive assets
accessed through participation in the Fadama IIT AF
Development Programme, the monetary value of food
(calories) consumed within the last 24 hours, and
measures of coping during a food crisis.
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Table 1. Sample design

ADP Number of LGAs with The Vulnerable Group by Number of Sample

Zone LGAs Vulnerable FUGs Names Beneficiaries size

A 8 Mokwa HIV Support Group Association 50 29
Bida HIV Support Group Association 30 18

B 8 Paikoro Chanchita Farmers Association 20 12
Shiroro Alai Cooperative Society 30 18
Munya Abelo Cooperative Group 40 23
Bosso Alheri Farmers Association 30 18

C 9 Kontagora Cripple Group Association 80 47

Total 280 165

Data Analysis and Model Specification

The data was analyzed using descriptive statistics,
cost of calories, household dietary diversity score, Tobit
and logit models. Descriptive statistics (percentage,
frequency, and mean) were employed to examine the
socio-economic characteristics of the respondents. A
Likert scale rating was used to investigate their
measures of coping with food insecurity.

The Cost of Calories

Greer and Thorbecke (1986) proposed this method for
measuring food security and has been employed by
researchers (Ahmed et al., 20155 FAO, 2009;
Babatunde et al., 2007). A daily intake of 2260 kcal per
adult equivalent (AE) was used as the food security
baseline. A value equal to or above it is considered food
secure, and below it is considered food insecure.

InX =a+ pC 3)

S =(a+blL)e 4)
Where: X is the food expenditure per AE (M), a is the
intercept, B is the coefficient, C is household daily
calorie intake (per AE), S is the cost of purchasing

2260Kcal of food and L is 2260kcal minimum daily
FAO (2009) calorie recommendation.

Logit Model

The logistic model is a predictive regression model that
can perfectly account for dummy or binary dependent
variable (Ikikat Timer and Birinci, 2020; Mukaila et
al., 2022). It was employed in examining the factors
that determined the vulnerables group’s household
food security. It was specified as:

+ [,FS + BsTVP + e )

Where:

Y (1 or 0) is a dummy variable for food security status
(food secure = 1, 0 = food insecure), Gd = Gender (male
= 1, female = 0), Ed = Educational level (years), A =
Age (years), HS = Household size (Adult equivalent;
see appendix), In = Income in Naira (N) per month, FE
= Farming experience (years), FS = Farm size of a
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household in hectare, TVP = Total value of productive
Assets, B, = constant and e = error term.

Household Dietary Diversity Score (HDDS)

The HDDS was used to determine the level of food
diversity of the vulnerable groups. Legumes, fruit,
vegetables, roots and tubers, nuts and seeds, cereals,
fish and seafood, meat, beverages, oils and fat, sugar
and honey, and milk and milk products were the
twelve food groups in the HDDS (FAO, 2007). For each
food group, a household was scored 1 if the food group
was consumed and 0 if it was not consumed. The HDDS
was derived by adding the number of foods eaten by
the household within a specified period and dividing it
by 12, which is the total number of food groups in the
HDDS. The value ranges from 0.10 to 1.00. Values
from 0.10 to 0.42 imply low dietary diversity, while
values from 0.43 to 1.00 imply high dietary diversity
(FAO, 2008). They were utilized to detect the quality of
the food intake of the respondents.

Tobit Regression

A Tobit regression model was employed to identify the
factors that determined the level of dietary diversity of
the vulnerable group. It was specified as:

B,FS + BgTVP + e (6)

Where Y = level of dietary diversity (HDDS ranges
from 0.10 to 0.60), G = Gender (male = 1, female = 0),
Ed = Educational level (years), A = Age (years), HS =
Household size, In = Income of a household per month
(™), FE = Farming Experience (years), FS = Farm Size
of a household in hectare, TVP = Total value of
productive assets, f,= constant, e = error term.

RESULTS and DISCUSSION

Demographic and Institutional Features of the
Vulnerable Group

The distribution of the group based on their
socioeconomic profile was presented in Table 2. The
majority of the respondents were males, while 21.8%
were females. This implies that vulnerable group



KSU Tarim ve Doga Derg 26 (2), 355-364, 2023
KSU J. Agric Nat 26 (2), 355-364, 2023

Arastirma Makalesi
Research Article

households’ heads were dominated by males. About
48% of the respondents were over 50 years old, 19.4%
were between 31 and 40 years old, and only 10.9% were
below or equal to 30 years old. The respondents had an
average age of about 51 years. This suggests that the
vulnerable group was advanced in age, which could
affect their physical ability. Age is an important
determinant of labor availability, physical capacity,

and farm productivity (Agir and Akbay, 2022; Gbigbi,
2021). The majority of the vulnerable group were
married. This implies that the respondents have to
cater for their family members’ needs through farming.
Regarding the level of education, 52.8 percent of them
had no formal education, 23.6% had a first school
leaving certificate,

Table 2. Socio-economic characteristics distribution of respondents

Variables Category Frequency Percentage Mean
Gender Male 129 78.2
Female 36 21.8
Age (years) <30 18 10.9 50.7
31-40 32 19.4
41-50 36 21.8
51 -60 36 21.8
> 60 43 26.1
Educational level No formal education 87 52.8
Primary 39 23.6
Secondary 31 18.8
Tertiary 8 4.8
Marital status Married 142 86.1
Single 12 7.3
Widowed 6 3.6
Divorced 5 3.0
Household size <5 41 24.8 8
6-10 91 55.2
>10 33 20.0
Primary occupation Civil Servant 5 3.0
Farming 132 80.0
Trading/Commerce 12 7.3
Artisan 16 9.7
Farming experience <10 70 42.4 16
11-20 45 27.3
> 20 50 30.3
Farm size (acre) <1 122 73.9 1.5
2-2.99 18 10.9
>2.99 25 15.2
Monthly income () < 10,000 47 28.5 13,718
10,001 — 20,000 100 60.6
20,001 — 30,000 13 7.9
> 30,001 5 3.0
Extension contacts Yes 88 53.3
No 77 46.7
Access to credit Yes 8 4.8.
No 157 95.2

18.8% had secondary education, and only 4.8% had
tertiary education. This implies that education is a big
challenge among this vulnerable group. Low education
can negatively influence their decision-making process
and the adoption of innovation (Falola et al., 2021).
Regarding their household size, a larger percentage
(55.2%) of them had between 6 to 10 household
members, 24.8% had less than or equal to 5 household
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members, and 20% had more than 10 household
members. They had an average household size of eight
people per household. This shows that they have a
relatively large household size, which could be due to
the high birth rate and their polygamous nature
(Achoja and Obadaya, 2019; Mukaila et al., 2021). The
large family size could be used as labour for their
farming operations. However, this would increase the
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household dependency ratio, which will, in turn,
enhance their vulnerability to food insecurity. This is
because high food insecurity is common in households
with larger household sizes (Mukaila et al., 2020).

The majority (80%) of the vulnerable group were
farmers who practiced mixed cropping; 9.7% were
artisans; 7.3% were traders; and only 3% were civil
servants. This result shows that agriculture plays a
significant role in the livelihood of this vulnerable
group, and they depend on it for their sustenance. The
majority (73.9%) of the respondents had less than one
hectare of land, 15.2% had more than 3 hectares, and
only 10.9% had between 2 and 3 hectares of land. The
average land size operated by the respondents was 1.5
hectares. This implies that the group operates on a
small-scale level. The result of the farming experience
showed that 42.4% of the group had farming
experience of fewer than 10 years, 30.3% had more
than 20 years, and 27.3% had 11 to 20 years. Their
average year of experience in farming was 16 years.
This shows that they were well experienced in farming
activities. The majority (60.6%) of them earned
between N10,000 (USD 27.07) and N20,000 (USD
54.13) monthly income, 28.5% earned less than
N10,000 monthly income, while only 10.9% earned
above N20,000 per month. They earned an average of
N13,718 (USD 37.13) per month. This implies that this
vulnerable group is living on a low monthly income,
which can make them more susceptible to food
insecurity because they have low purchasing power.
This will also affect their total livelihood negatively,

Table 3. Productive assets

especially among the larger households. Regarding
contact with extension agents, 53.3% of the vulnerable
group had contact with extension agents, while 46.7%
did not. The majority (95.2%) of them could not access
credit. This low access to credit could negatively affect
their food production and general well-being (Falola et
al., 2022).

Productive Assets Accessed Through Participation in
Fadama III AF Development Programme

Table 3 presents the different productive assets
accessed by the vulnerable group through participation
in the Fadama III AF Development Programme to
boost their productivity and welfare. Table 3 shows
that the majority (79.4%) of the group had access to
productive assets, while 20.6% did not. The majority
(62.6%) had access to productive assets valued between
N10,000 (USD 27.07) and N20,000 (USD 54.13), while
28.3% had access to assets valued at N20,000 to
N30,000 (USD 81.20). The average value of assets the
group had access to was N18,190 (USD 49.23). The
majority of the group had access to herbicides (76.4%),
seeds (64.2%), and fertilizer (64.2%). About 33% of the
group had access to sprayers. A few members of the
group had access to hoes (13.3%), cutlasses (9.1%), feed
(2.4%), and wheelbarrows (0.6%). These results imply
that some of the productive assets, such as sprayers,
cutlasses, hoes, wheelbarrows, and animal feed were
not accessible by most of the vulnerable groups in the
study area.

Category Frequency Percentage Mean
Access to productive asset Yes 131 79.4
No 34 20.6
Value of productive asset () <10000 2 1.5 18.190
10001 — 20000 82 62.6
20001 — 30000 37 28.3
>30001 10 7.6
Productive assets Sprayer 54 32.7
Cutlass 15 9.1
Hoe 22 13.3
Wheelbarrow 1 0.6
Feed 4 2.4
Fertilizer 106 64.2
Seed 106 64.2
Herbicides 126 76.4

Food Security Status of the Vulnerable Group

Table 4 presents the food security status of the
vulnerable group. The cost of 2260kcal (food) in the
study area was N530.67 (USD 1.44). Therefore, any
household with a daily per capita food expenditure of
N530.67 was considered food secure, while those that
spent less were considered food insecure. The result
reveals that food insecurity is pervasive among the
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vulnerable group as the majority (88.5%) of the
vulnerable groups were food insecure while only 11.5%
were food secure. Further investigation revealed that
the few vulnerable group that were food secure were
those with low household sizes and relatively high
education. Due to their low income, a household with a
larger size would be faced with the burden of feeding
the members, resulting in a deficient quantity of food
being consumed. The food insecurity level reported in
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this result is higher than previous studies reported
(Adeniyi and Ojo, 2013; Ambali et al., 2015; Ahmed et
al., 2015; Egwue et al., 2021; Mukaila et al., 2020). This
high percentage indicates a severe level of food

insecurity among this vulnerable group, which
requires government intervention.

Table 4. Food security status

Food security status Frequency Percentage
Food insecure 146 88.5

Food secure 19 11.5

Total 165 100

Factors influencing Food Security Status among the
Vulnerable Group

Table 5 shows the results of the logistic regression used
to examine the factors that determined the food
security status among the vulnerable group
interviewed. As shown in Table 4, four variables were
statistically significant. Educational level (P < 0.05),
household income (P < 0.05) and value of productive
assets (P < 0.01) were positively substantial, while the
household size was negatively significant (P < 0.05).

The educational level positively influenced the food
security status of the group. This implies that the
higher the number of years spent in school, the higher
the likelihood of household food security and vice
versa. Thus, the highly educated among them were
more food secure than their counterparts with little or
no education. This conforms with Ambali et al. (2015)

and Girma (2012), that food security tends to be
influenced by the level of education.

Household size influenced the food security of the
group negatively. This implies that there will be a
reduction in the probability of a household's food
security as the household size increases. This large
household size puts more pressure on household head
income as well as the per capita income of the
household. Thus, it could also limit the access of each
member of the household to nutritious, safe, and
adequate food for a healthy life. Therefore, a household
with many members has a higher probability of being
food insecure, while those with few members are more
food secure (Mukaila et al., 2020). This conforms to
Ahmed et al. (2015), Ambali et al. (2015), and Egwue
et al. (2020), who reported that an increase in
household members increased the likelihood of
household food insecurity.

Household income also positively influenced the food
security of the group. An increase in household income
enhances the probability of being food secure as it
influences purchasing power. All things being equal,
high-income earners are more food secure than
households with low incomes. This might be because
such households (high-income earners) would have a
lot of money to buy food. Omotesho et al. (2006) and
Mukaila et al. (2020) posited that household income is
a significant tool for household access to food and food
security.

Table 5. Determinant of food security status among the respondents

Variables Coefficient Std. Err. z P>z
Gender 2.378 1.672 1.422 0.155
Age -0.053 0.034 1.559 0.122
Educational level 0.190** 0.085 2.235 0.005
Household size -0.337** 0.143 -2.357 0.018
Monthly income 0.051** 0.023 2.217 0.011
Farming experience 0.002 0.030 0.067 1.956
Farm size 0.174 0.436 0.399 0.689
Total value of productive asset 3.793%** 1.010 3.831 0.007
Constant -5.124%** 2.122 -2.415 0.026
Pseudo R-Square 0.542

LR Chi-square 47.689

Prob > chi2 0.0000

Log likelihood -60.781

#5% 5<0.01, ** p<0.05

The total value of the productive assets is also
significant and positively influences the group's food
security. This implies that as the value of productive
assets owned by the group increases, so does the
probability of their households' being food secure. This
may be because productive assets can give households
direct access to food, which will, in turn, serve as an
additional source of income to the household, thereby

360

increasing the amount earned or received by the
households and may give them indirect access to food.

Assessment of the Dietary Diversity of the Vulnerable
Group
Table 6 presents the dietary intake of the group. The

result shows that a higher proportion (52.1%) of them
had between 0.31-0.40 dietary diversity, 27.9% had
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between 0.41-0.50, 13.2% had between 0.21-0.30, and
1.8% had between 0.51-0.60 dietary diversity. This
result implies that the group had low dietary diversity.
This could affect their nutritional and food security
status as they consume fewer food items.

Table 6. Dietary diversity

Dietary Diversity Frequency Percentage
0.11-0.20 7 4.2
0.21-0.30 23 13.9
0.31-0.40 86 52.1
0.41-0.50 46 27.9
0.51-0.60 3 1.8

Total 165 100.0

Determinants of Dietary Diversity among the
Vulnerable Group

Table 7 shows the determinants of dietary intake
among the vulnerable group in the study area. Gender
(p <0.05), age (p <0.10) and educational level (p < 0.05)
were the positive factors that influenced their dietary
diversity, while household size influenced it negatively
(p < 0.01). Gender positively influenced the dietary
diversity of the group’s households. This result implies
that the likelihood of a household being headed by a
male tends to increase the dietary diversity of
vulnerable households. This could be result from

Table 7. Determinants of dietary diversity among the group

provision of money needed to purchase several food
items by the male household heads. Thus, households
headed by females had a low dietary diversity score.
Age also influenced the dietary diversity of the
vulnerable group positively. This implies that as age
increases, the probability of dietary diversity in the
household increases. This conforms with the findings
of Kundu et al. (2020) that age positively influenced
the dietary diversity of the households.

The educational level also positively influenced the
dietary diversity of vulnerable group households. This
implies that the higher the educational level, the
higher the likelihood of having a high dietary diversity
score. Thus, education plays a vital role in increasing
the dietary intake of vulnerable groups. Kundu et al.
(2020) and Taruvinga et al. (2013) also reported that
education influenced dietary diversity positively.
Household size had a negative effect on the group's
dietary diversity. This implies that there will be a
reduction in the dietary diversity of the vulnerable
group as household size increases. This is so because
as the number of dependents increases, it will reduce
the individual’s food intake in the household. Large
household sizes put more pressure on household
income, thereby reducing food availability in the
household. Thus, a large household size reduces the
dietary diversity of the household (Kundu et al., 2020).

Variables Coef. Std. Err. t P>t
Gender 0.037** 0.016 2.33 0.021
Age 0.002* 0.001 1.94 0.058
Education 0.003** 0.001 2.13 0.044
Household size -0.118%** 0.038 -3.11 0.002
Monthly income 1.28e-06 9.98e-07 1.28 0.201
Farming experience -0.000 0.001 -0.22 0.828
Farm size 0.009 0.006 1.43 0.162
Total value of productive asset 8.10e-07 5.04e-07 1.61 0.110
Constant 0.308*** 0.037 8.32 0.000
Pseudo R-square 0.5143

LR chi2(8) 34.15

Prob> chi2 0.0000

Log-likelihood 64.398653

dedek p<0.01, k% p<0.05’ * p<0.1

Coping strategies employed against food insecurity

Table 8 presents the food insecurity coping strategies
employed by the group. The result from Table 8 shows
that allowing children to eat first ranks first among the
methods used by the respondents. In the absence of
enough food in the household, the household heads and
adults allowed the children to eat first, as the children
could not cope with hunger like adults. The group also
collected food from the wild or garden (ranked 2nd) as
a coping strategy. The group also employed eating once
to cope with food insecurity. The group also used
selling assets to buy food to increase food availability
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in the household, which will, in turn, enhance food
security. This was followed by buying food on credit,
ranked fifth, and eating less preferred food, ranked
sixth. The seventh coping strategy by rank is limiting
the amount of food consumed, picking up left-over food
at social functions, maternal buffering, and traveling
to search for jobs. Skipping a meal once a day was
ranked last among the coping measures. Some of the
coping strategies employed by the vulnerable group
may result in health challenges in the long run, as
some of the strategies will reduce their nutrition
intake.
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Table 8. Coping strategies

Statement Never Occasionally Regularly Very often Weighted score
Allowing children to eat first 0 0 22 143 638

Collecting food from the wild or garden 2 5 11 147 633

Eating once a day 0 6 20 139 628

Selling assets to buy food 0 1 32 132 626

Buying food on credit 1 1 32 131 623

Eating less preferred food 1 4 27 133 622

limiting size of food consumed 0 1 46 118 612

Picking of left-over food at social functions 3 4 52 106 591

Maternal buffering 7 6 44 108 583

Travel to search for jobs 5 5 53 102 582

Skipping meal within a day 15 9 48 93 549
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Age category (Years) Female Male
<1 0.00 0.00
1to4.9 0.20 0.25
51t09.9 0.50 0.60
10 to 14.9 0.75 0.75
15 to 59.9 0.90 1.00
> 60 0.65 0.80

Source: Adapted from Falusi (1985)
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ABSTRACT

This study examines the socioeconomic and risk behaviour of small-scale
oil palm processors in Akwa Ibom State, the southern region of Nigeria.
The multi-stage sampling technique was used to collect cross-sectional
data from one hundred and twenty-five (125) micro-oil palm processors.
The results revealed that the majority of the processors were married and
males were the dominant sex. The average years of processing
experience, age, membership in social organization and educational
attainment stood at 11.43 years, 48.23 years, 2.78 years and 12.15 years
respectively. The processors' average household size and annual income
were 5 members and N319, 658.33 (at 1$ = N380.26 in 2020) respectively.
The risk factors identified among the micro-oil palm processors include
insufficient raw materials, poor public electricity, high cost of tools and
machines and increased operation hazards. The result showed that oil
palm processors in the region are risk-takers. The empirical results
revealed that processors’ age, educational attainment, membership in
social organization, household size, processing experience and processors’
income were significant factors influencing the risk behaviour of oil palm
processors. To enhance the well-being of micro-oil palm processors in the
region, emphasis should be devoted to the development of education
attainment and social capital formation among others.
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INTRODUCTION production, Nigeria is a net importer of palm oil and its

Oil palm (Elaeis guineensis) is an economic crop that
found its root in the tropical rainforest region of West
Africa (Reddy et al. 2019; Okolo et al. 2019). From the
archived, Nigeria was the leading producing nation of
oil palm in the 1960s, contributing about 43% of the
World production (FAO, 2022). Currently, the country
is the 5th largest producer with 2.00% (.e. 1.141
million metric tons) of the global output of 72.973
million MT (USDA, 2022 and FAO, 2022). Malaysia
and Indonesia produced approximately 84% of the
World’s palm oil with Indonesia accounting for 58.00%
(representing about 42.50 million MT) (USDA, 2022).
In Africa, Nigeria is known to produce the bulk of palm
oil and is also the highest consumer. The country’s
large population has continued to be an important
driver of demand for oil palm and its derivatives. In
recent times, the domestic consumption of oil palm
products has exceeded supply in most parts of the West
Africa region thus making the region a net importer of
oil palm products (Akpan, 2019 and USDA, 2022).
Despite the continuous marginal increase in annual

derivatives (Ohimain and Izah, 2014; USDA, 2019).
For instance, the country produced 1220 metric tons of
palm oil in 2019 while the domestic consumption stood
at 1390 metric tons resulting in a 12.23% deficit in
domestic production which was augmented through
importation (Akpan, 2019 and FAO, 2022 and USDA,
2022).

It is reported that more than 80% of the oil palm fruit
production in Nigeria originates from the dispersed
several smallholder farmers while established
plantations accounted for the remaining 20% (Ojo et
al, 2017 and USDA, 2020). To boost domestic
production in the country, the federal government has
implemented trade policies and launched a series of
intervention programmes to increase the credit scope
of o1l palm farmers and encourage large scale
production and processing (CBN, 2020). The
processing of oil palm fruits for edible and palm kernel
oils as well as other derivatives is an old occupation
and is crucial to the economies of many rural
households in southern Nigeria where the bulk of the
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oil palm is produced (Patrick et al., 2013; Udoh and
Essien 2015, Bassey 2016, and Okolo et al., 2019; Alabi
et al., 2020). According to Osei-Amponsah et al. (2018),
oil palm fruit processing involves several steps:
harvesting the bunches, bunches slicing or threshing,
fruit separation from the bunches, boiling of the fruits,
digestion or separation of the fruit from fibres, oil
extraction, clarification/separating oil from impurities
and storage. Most of these steps are done manually in
developing countries compared to highly mechanized
processing steps in developed countries (Oyeronke and
Adedotun 2019). Palm oil is the most popular
derivative of oil palm fruit processing (Boyce, 2017 and
Anyaoha et al, 2018) and is an essential ingredient in
the dietary requirement of most Nigerians. It is also a
source of raw materials for many agro-allied and
pharmaceutical enterprises. The food processing,
cosmetic and hygiene as well as biofuel industries are
responsible for 72%, 18% and 10% of industrial
consumption respectively (Voora et al, 2019). The
predominant technique of production for most
processors in Nigeria is semi-labour intensive and is
often characterized by the inefficient utilization of
farm resources (Hassan et al., 2016; Biodun et al.,
2020). However, Izah (2016) and Ebere et al., (2018)
noted that the smallholders and mostly semi-
mechanized palm oil processors in Nigeria account for
about 70-80% of the total domestic palm oil production.

In the south-south region of Nigeria, there are many
wild oil palm trees spread throughout the region. An
oil palm tree has a great economic value to the
indigenes of the area and is mostly cultivated or
maintained for its commercial benefits. The south-
south region produces about 42% of the country’s palm
oil, while the south-east and southwest produce 25%
and 27% respectively (USDA, 2022). Since the oil palm
crop production requires an expanse of land and the
prevalence issue of high population density in the
southern region of the country, limited land has been
one of the constraints facing the enterprise. In the
region, about 60-80% of palm oil processing is carried
out using the semi-capital technique (a mixture of the
traditional and limited capital/machines) (Akpan and
John, 2020). The bulk of the oil palm processing
enterprises is (micro) small scale with producing
capacity in the range of half a ton or 500kg to 2.5 tons
of fresh fruits per hour (Akpan and Akpan, 2020).
Despite the enormous potential in oil palm production,
especially its rich long value chains; oil palm
processors have not been able to translate these
diverse opportunities to better welfare and improved
income (Patrick et al, 2013 Akpan et al., 2020a). This
is evident in increasing rural poverty among farming
households in the region and the country at large
(Akpan et al, 2016 and Akpan et al., 2020b), frequent
shortages of palm o1l and high price volatility
(Gourichon, 2013 and Alabi et al 2020); as well as an
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increasing number of moribund micro oil palm
processing enterprises across the producing regions in
the country (Enwelu et al, 2013). Observations from
various studies indicate that the once flourishing sub-
sector in the country is gradually becoming desolate
due to multifaceted issues ranging from farmers'
specific to economic, production risks, political and
environmental detractors among others (Patrick et al,
2013 and Akpan et al, 2019). For instance, in the
southern region of the country, agricultural labour in
the rural areas is highly constrained by increasing
youth migration to urban areas, and oil palm
production and processing depend so much on human
labour (Akpan et al, 2017). Also, insufficient credit,
poor infrastructures in the rural communities and
unhealthy rivalries from imports, land use
alternatives and population growth have not given the
oil palm processors an easy ride to production in the
region (Udoh et al, 2011; Akpan, 2019; Akpan and
Ebong 2021). Amidst these uncertainty and risky
situations highlighted and among others, oil palm
processors still plan their ways through these hash
situations to produce the oil palm fruits and their
derivatives though in decreasing returns to scale
(Akpan, 2019).

Perhaps, the oil palm processors in the producing
region have developed ways to adapt to these
uncertainties and risky environments in which they
operate (Izah and Ohimain 2016). Hence, it is
presumably right, that the wrinkling performance of
the oil palm sub-sector in the region and Akwa Ibom
State, in particular, has a lot to do with processors’
socioeconomic behavioural response to the risky
environment and other related factors including
poverty (Ojo et al, 2017 and Akpan, 2019). Following
these assertions, there is an overwhelming need to
investigate the oil palm processors' social and economic
behaviours and analyze their risk coping strategies to
understand better, the path to sustainable production
and improved farmers’ or processors’ well beings.

In line with the above thought, few studies have
studied the social and economic attributes of the small
scale oil palm processors’ in Nigeria. For instance,
Soyebo (2005); Akinnirant et al, (2013); Patrick et al,
(2013); Emokaro and Ugbekile (2014); Adebo et al,
(2015); Adesiji et al,, (2016); Nwalieji and Ojike (2018)
and Akpan et al, (2019) have identified that oil palm
processors were majorly males, possess the average
household size of 7 members, moderately educated, are
married and of middle age and well experienced in oil
palm processing. The reports also submitted an
average processing income range of N1, 000, 000.00-
N1, 006, 852.00 per annum and an average monthly
gross margin range of about ¥69,600-N100, 000.00.
Besides, Gunn (2014) identified: the high cost of palm
oil processing, insufficient access to credit facilities;
lack of government supports, poor extension system;
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unstable price of oil palm, poor road network, and
obsolete processing technologies as the main
constraints against the use of improved technology by
the oil palm processors.

In a few related literature on sources of risks to
farmers, Ezeh and Olukosi (1991); Salimonu and
Falusi (2009); Udoh and Essien (2015), Okolo et al.,
(2015) and Onu et al., (2021) documented irregularity
in input supply, volatility in market prices, pest,
government policies, diseases, inaccessibility to credit
facilities and the use of obsolete processing equipment,
poor water supply, poor equipment, inadequate land,
lack of information on modern oil palm processing and
changes in weather conditions as the major risk
sources in crop production and processing in Nigeria.
Similarly, literature on the risk behaviour of farmers
has been documented by Nmadu et al, (2012) and
Akhtar et al, (2017). In summary, they identified
processors’ sex, education, distance from farm to the
main market, off-farm income, age, farming
experience, access to extension agents, marital status,
household size, family income, credit, membership of
cooperative, off-farm income, access to information,
mode of land acquisition and total investment capital
as significant variables that determined risk
behaviour of small-scale farmers. Likewise, Biodun et
al., (2020); Alabi et al (2020) and Islam et al, (2021)
found high transport cost, output price fluctuations,
insufficient raw materials and credit, crude processing

methods, poor quality of the output and poor
infrastructures as major risk factors for crop
processors.

From the literature reviewed, the oil palm enterprise
in the country has not been given due attention in
terms of the risk attitude of the processors despite its
rich value chains and providing sources of livelihood to
many rural households. The study was specifically
designed to fill this lacuna and equally update the
available information on the socioeconomic
characteristics of the processors, hence providing
additional resources for policymakers in the region and
country at large. Hence, the study examines the social
and economic attributes of the small-scale oil palm
processors and also identifies the risk coping strategies
adopted by them in the prevailing harsh and risky
production environment as well as identifying factors
that influence their risk attitude/risk index.

RESEARCH METHODOLOGY

Study Area

The study was carried out in Akwa Ibom State located
in the southern region of Nigeria. The State is divided
into six agricultural zones namely: Uyo, Oron, Ikot
Ekpene, Eket, Abak and Etinan. Three zones were
selected based on the volume of oil palm fruit
production. The zones used were: Ikot Ekpene, Abak
and Eket agricultural zones.
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Study Population

The sample population consists of all the oil palm
processors (millers) in Ikot Ekpene, Abak and Eket
agricultural zones in Akwa Ibom State. According to
the ADP representatives in the zones, there are about
800 well-established oil palm processors in the zones.

Sample Size Selection

The study used Cochran's (1963) formula to derive a
representative sample size from a finite population of
oil palm processors in the study area. The equation is
specified as thus:

z2P(1— P)

Where Sn is the required sample size; Z is the 95%
confidence interval (1.96); P is the estimated
proportion of micro oil palm processors in the total
population of oil palm processors in the study area
(about 91%); D is the absolute error or precision at 5%
type 1 error. The sample size is derived as shown in
equation 2

S = (1.96)20.91(1— 0.91)
Ten (0.05)2

n

=126.......(2)

Type of Data, Sampling Procedure and Sample Size
Primary data were elicited from the micro oil palm
processors in selected zones. A well designed
structured questionnaire was administered to the oil
palm processors to collect the required data. A two-
stage sampling technique was adopted to choose the
required sample size used in the study. The first stage
involved the use of purposive sampling to select three
local government areas in each zone. This led to the
selection of nine (9) local government areas. The
second stage involved the random selection of fourteen
(14) small-scale oil palm processors in each of the
selected local government areas. A total of one hundred
and twenty-six (126) micro oil palm processors
representing more than 15.00% of the target
population were selected in the zone for the study.
However, one hundred and twenty-five (125) oil palm
processors’ responses were used for the analysis.

Defining Risks and construction of the risk index in the
study

In this study, risks were perceived as those factors that
prevent the micro oil palm millers from achieving the
optimum or sustainable income/production required to
maintain the enterprise. It is also assumed that the
effect of risks on the o1l palm millers’ income or
production can be estimated, unlike the uncertainties.
Different types of risks were considered in computing
the risk index of an oil palm miller in the study area.
The type of risks considered were; production,
marketing, environmental, financial, and human
resource risks.
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The risk index is the measure of farmers’/processors
attitudes to risk. To construct the risk index, several
questions cut across all the types of risks considered in
this study were drafted. The sum of positive responses

RI

__ X summation of the number of positive response(s) ofthe oil palm miller

of the oil palm processors was weighted with the total
number of questions asked to generate the risk index
used in the study. Mathematically, the index
estimated is presented as thus:

Y. total questions asked

The risk index (RI) ranges from zero to unity. When
the RI approaches zero, it means that the oil palm
miller is risk-averse or has taken sufficient efforts to
deal with the risks. In other words, such respondent
has developed alternatives to eliminate the negative
impacts of several risk factors in the business. Also, an
index of 0.5 connotes moderate ability to address these
risks (risk-neutral), while a risk index approaching
unity implies risk tolerance (risk-taker) oil palm
miller. The risk tolerance or risk-taker investor can
bear or tolerate several risk factors amidst production
and other components of the value chain.

RI, = Y, = By + BLAGE + BySOC + B3EDU + B,EXP + BsHHS + BoCRE + ByEXT + BgPIC + € e vveeee eee oo eee e e e

Where,

RI = Risk index of oil palm miller as defined in
equation 1

AGE = age of the oil palm miller owner (years)

SOC oil palm miller membership
organization (years)

= in social

EDU = educational qualification of oil palm miller
(years)

EXP = experience of the oil palm miller/processor
(year)

HHS = household size of the oil palm miller/processor
(number)

CRE = access to credit facility by oil palm miller
(dummys; 1 for access and 0 for non-access)

EXT = access to agricultural extension services by the
oil palm miller (dummy; 1 for access and 0 for
non-access)

PIC = income from oil palm processing business (naira)

RESULTS and DISCUSSION

Socioeconomic characteristics of oil palm processors
The summary of the socio-economic features of the
micro oil palm processors is shown in Table 1. The
finding revealed that the majority of the oil palm
processors (96.80%) were males, while a minority
(3.20%) were female. The result of the sex composition
of the processors is likely linked to the fact that the
male processors are more able to withstand the
rigorous demands of agro-processing compared to their
female counterparts. The finding corroborates Soyebo
(2005), Akinnirant et al, (2013), Patrick et al,, (2013),
Emokaro and Ugbekile (2014), Adebo et al, (2015) and
Nwalieji and Ojike (2018).
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(3

The model specification

The descriptive tests were used to examine the socio-
economic characteristics of the micro oil palm millers,
while a nominal scale was used to rank the risk factors
in order of their prevalence. Besides, multiple linear
regression based on Ordinary Least Squares
estimation was used to identify the causal
relationships between the risk index and the social and
economic characteristics of the oil palm millers in the
study area.

Explicitly, the risk index model used is specified as
thus:

(4)
Also, the majority (35.20%) of the processors were in
the age range of 41-50 years, while 21.60% and 26.40%
of the processors were in the age range of 31-40 and 51-
60 respectively. However, the youthful (20-30 years)
and the aged (greater than 60 years) populations
constituted 8.00% and 8.80% of the sample population
respectively, while the average age of 48.23 years was
obtained for all the processors. Following this finding,
there is an overwhelming need to encourage youth
involvement in oil palm processing in the study area.
Concerning the age distribution of the processors, it
means that majority of the oil palm processors are fast
ageing and there 1s an overwhelming need to
encourage youth involvement in the o1 palm
processing businesses. The involvement of the youths
in the business would ensure sustainability and the
adoption of updated technologies. A similar finding has
been reported by Soyebo (2005), Akinnirant et al,
(2013), Patrick et al, (2013), Adebo et al, (2015),
Nwalieji and Ojike (2018) and Akpan et al, (2019).

Besides, the result reveals that the majority (96.80%)
of the processors were married while only 3.20% were
single. The marital status of the processors suggests
that oil palm processing is a sustainable livelihood
activity for several families. This means that many
families in rural areas depend on the oil palm
processing business for their improved well-being.
Soyebo (2005), Akinnirant et al, (2013), Patrick et al,
(2013), Emokaro and Ugbekile (2014), Adebo et al,
(2015), Adesiji et al.,, (2016), Nwalieji and Ojike (2018)
and Akpan et al, (2019) have reported a similar result.
Moreover, the distribution of the processing experience
of the processors indicates that 60.00% of the
processors have experience of 1-10 years, 30.40%
belong to 11-20 years of processing experience while
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9.60% settled in 21-30 years experienced cadre. An
average of 11.43 years of processing experience was
realized for all the processors. In line with the above
result, the average processing experience of 11.43
years shows the level of sustainability of the business

in the region. A similar structure in processing
experience has been found by Soyebo (2005),
Akinnirant et al, (2013), Patrick et al, (2013),

Nwalieji and Ojike (2018) and Akpan et al, (2019).

Table 1. Socioeconomic characteristics of micro oil palm Processors

Characteristic Frequency Percentage Mean
Marital Status of processors (number)

Single 4 3.20

Married 121 96.80 Dummy
Total 125 100.00

Processing Experience (Years)

1-10 75 60.00

11-20 38 30.40 11.43
21-30 12 9.60

Total 125 100.00

Educational Qualifications (years)

No Education 2 1.60

Primary 21 16.80

Secondary 50 40.00 12.15
Tertiary 52 41.60

Total 125 100.00

Membership in Social Organization (years)

0 73 58.40

1-10 46 36.80

11-20 6 4.80 2.78
Total 125 100.00

Family Size of processors (number)

1-5 85 68.00

6-10 38 30.40 5.00
Greater than 10 2 1.60

Total 125 100.00

The processed income per year (Naira)

Less than 100,000 33 26.40

100,001-300,000 29 23.20

300,001-500,000 25 20.00

500,001-700,000 17 13.60 319,658.33
700,001-1,000,000 15 12.00

Greater than 1,000,000 6 4.80

Total 125 100.00

Sex composition of processors (number)

Male 121 96.80 Dummy
Female 4 3.20

Total 125 100.00

Age Distribution of processors (Years)

20-30 10 8.00

31- 40 27 21.60

41— 50 44 35.20 48.23
51-60 33 26.40

>60 11 8.80

Total 125 100.00

The analysis of the educational qualification of the
micro oil palm processors shows that the majority of

the processors

(41.60%) went through tertiary

institutions and 40.00% obtained secondary education,
while 16.80% of the processors had primary education.
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Only 1.60% of the processors had no formal education.
An average of 12.15 years of formal education was
revealed among the processors. Also, the educational
qualification of the processors suggests that the oil
palm processors have the potential for innovation
adoption, market participation and access to several
information sources. Akinnirant et al, (2013), Patrick
et al, (2013), Nwalieji and Ojike (2018) and Akpan et
al, (2019) had similar results.

The findings further reveal that the majority (58.40%)
of small-scale oil palm processors do not belong to any
social group. About 36.80% and 4.80% of the processors
have enjoyed social capital for the period of 1-10 years
and 11-20 years respectively.

Source: Computed by authors, data from field survey,
2020. Average annual exchange rate (1$ = N380.26 in
2020)

This implies that oil palm processors in the study area
have a low level of social interaction or social capital.
This assertion is substantiated by an average of 2.78
years of social interaction found among them. In
addition, the low degree of social capital creation
among the processors means that somehow they might
not have adequate information to update their current
levels of production. The prevalence of low capital
formation among the oil palm processors could be
attributed to the increasing job diversification, the
unorganized market for oil palm products and
sometimes societal mistrust as well as cultural and
religious barriers. The finding corroborates Akpan et
al, (2019).

As well, the structure of the family labour was
analyzed and is important within the framework of
small scale production. An average household size of 5
members was found for the processors. However, the
breakdown of the family size of the processors shows
that 68.00%, 30.40% and 1.60% of the processors have
a family size in the range of 1-5, 6-10 and greater than
10 members respectively. Furthermore, the structure
of the household size reveals the significance of
household labour in the oil palm processing business.
The method of processing is mainly labour intensive
and hire labour is becoming scarce following the
alternative/competitive use from other farm activities
and the issue of rural-urban migration. Emokaro and
Ugbekile (2014), Adesiji et al, (2016), Nwalieji and
Ojike (2018) and Akpan et al, (2019) submitted similar
results.

The study also reveals that the majority (26.40%) of the
processors make less than N100, 000 annual income.
About 23.20% of the processors earned annual income
in the range of N100, 001 to N300, 000; while 20.00%
of the processors realized annual income in the
category of N300, 001-N500, 000. Only 13.60% and
12.00% of the processors generated annual income in
the range of N500, 001 to 700, 000 and N700, 001 to
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N1, 000,000.00 respectively. The finding reveals that
only 4.80% of the processors earned more than NI,
000,000.00 per annum. However, an average annual
income of N319, 658.33 was discovered among the
processors in the study area. The size of the annual
income generated from the oil palm processing
business in the study area justified the small scale
nature of the business. The finding is within the range
submitted by Adebo et al, (2015), Adesiji et al., (2016)
and Akpan et al., (2019).

RISK FACTORS FACED BY OIL PALM
PROCESSORS

Risk factors in oil palm processing are considered
inducers or promoters of risks. These are challenges or
constraints an oil palm processor must unravel before
the attainment of efficient production and sustained
profitability. These risk factors confronting the oil
palm processors were analyzed and the results are
presented in Table 2. From the finding, all processors
attested to the fact that an insufficient quantity of oil
palm fruit is the number one challenge hindering the
efficient processing of oil palm fruit or attainment of
full capacity wutilization rate. The problem of
insufficient quantity of oil palm fruit stems from the
seasonality in production; unhealthy rivalry among
buyers and the increasing alternative of oil palm land
use. The resultant effect is the shortage experienced in
the supply and this sometimes leads to an increase in
the price of the oil palm fruits. The price fluctuation is,
however worst during the lean season compared to the
on-season.

The findings also reveal the poor public supply of
electricity and the high cost of billing as among the
major risks hindering the improved performance of the
oil palm processing business in the study area. Also,
the erratic supply of public electricity has pushed the
majority of the processors to depend on other sources
of power which are expensive and hence increase the
production cost and reduce the profit margin.
Sufficient power is needed to carry out efficiently the
activities of palm fruit processing and hence
constitutes a significant part of the production cost.

Another important risk factor encountered by the oil
palm processor in the region is the issue of the high
cost of tools, machines and equipment used in the
processing business. The acquisition of these necessary
tools, equipment and machines help to relieve the
stress and drudgery involved in the oil palm processing
business. Most of the processors are resource-poor and
thus do not have a sufficient resource base to acquire
the necessary capital needed to achieve high efficiency
in the business. This challenge was obvious among the
processors as the majority of them owned and operates
obsolete machines, tools and equipment as well as
made use of the traditional method of production.
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Table 2: Perceived Risks in the oil palm milling (0il palm processors) in Akwa Ibom State

S/N  Risk factors faced by the oil palm processor Percentage response Ranking

1 Insufficient raw materials (oil palm fruits) 100.00 1st

2 Poor public electricity/high cost of billing 95.00 2nd

3 High cost of tools, machines and equipment 93.33 3rd

4 Increase operation hazards 93.33 3rd

5 Theft/pilfering 88.33 4th

6 Poor road network 85.00 5th

7 High transportation cost 80.00 6th

8 Price inconsistency of raw materials 75.00 7th

9 Lack of adequate skills to operate machines 43.33 8th

10 Higher wages for hired labour 25.00 9th

11 Lack of purchasing power/insufficient demand 21.67 10th

12 No organized market for processed products 16.67 11th

Source: Computed by author, data from field survey, 2019.

The processors, in addition, revealed the prevalence of
the operation hazards as a serious risk factor affecting
the efficient operation of oil palm processing. The issue
of increase in operational hazard has to do with the
inferior technique of production used and almost zero
training and research among the processors. All the
activities involved in oil palm fruit processing are
without operational hazards. From harvesting to
transporting the fruits to the processing site, there are
hazards associated with all the stages of processing.
The hazards range from mild to severe and could
sometimes lead to death. For instance, during
harvesting and thrashing of the bunch among other
activities; processors opined that they suffered a daily
injury in the business of o0il palm processing.
Minimizing the frequency of these hazards is critical to
attaining higher capacity utilization and efficiency of
resources used,

Another serious risk factor identified was pilfering or
theft. This is a serious drawback factor to many
processors in the study area as the menace of theft is
predominantly reported by the processors because
most of the processing units are located in isolated
areas but closer to the source of raw materials. Most
of the processors do not have sufficient financial
backup to obtain adequate security for their raw
materials, machines and other factors of production, as
such they are exposed to pilfering at all levels of
production.

The risks of the poor road network and high
transportation costs were also selected by the
processors as among the impediments to attaining
higher capacity utilization. The poor farm road could
delay the conveying of oil palm fruits to the processing
site. Oil palm processing is a time-bound activity and
the quality of oil palm produced is the function of the
number of hours a processor subject the fresh fruits to
processing.

In the other perspective, the bulkiness of the oil palm
fruit leads to the high cost of transportation and this is
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Multiple choices were allowed.

one of the major components of production cost. A
processor that purchases fruits far away from his
processing site would likely incur a higher cost of
transit.

The price inconsistency of the raw materials
(especially the palm fruit) in the market is one of the
major risk factors whirling around the oil palm
processors in the study area. The inconsistency in price
occurs following some imperfections in the oil palm
fruit market in the region. For instance, bunch sizes
depend on the species of the oil palm tree, taxes, the
transportation cost and price bargaining including
competition created by the rich merchants from the
neighbouring States among others. The minor risk
factors or challenges the processors identified include;
Lack of adequate skill to operate the machines, high
wages for hired labour, lack of purchasing power or
insufficient demand, and the unorganized market for
processed products. The findings are in agreement
with the reports of Ezeh and Olukosi (1991), Salimonu
and Falusi (2009), Gunn (2014) and Akpan et al.,
(2019).

Risk index distribution among oil palm processors
The summary of risk behaviour or attitude of the oil
palm processors is presented in Table 3. The mean risk
index is 0.64118, implying that many of the oil palm
processors bear or operate in risky situations rather
than averting them. Hence, on average the oil palm
processors in the study area are risk-takers. Only
15.20% of the oil palm processors have lower risk
indices in the range of 0.40 - 0.50. This means that this
set of processors has a lower capacity to operate in the
risky environment or has taken measures to mitigate
the various forms of risks confronting them.

Contrary, about 84.80% of the oil palm processors can
be described as risk-takers because their risk index
exceeds 0.500 units, though the result shows different
degrees of risk-taking. This category of oil palm
processors can adapt or integrate risky situations into
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the operation of oil palm processing. To exhibit this
character of risk-taking does not portray efficient
management but rather represents additional cost to
the total cost of production because each risk factor has
a cost. However, the minimum and maximum risk
factors reported among the oil palm processors were

0.412 and 0.941 respectively, while 19.67% of the
variability in the risk index was observed. The
distribution of the risk factors skews positively
denoting increasing tendencies of risks among micro
oil palm processors.

Table 3: The risk index distribution among oil palm processors

Category Frequency Percentage
0.400-0.500 19 15.20
0.501-0.600 40 32.00
0.601-0.700 23 18.40
0.701-0.800 31 24.80
0.801-0.900 10 8.00
0.901-1.000 2 1.60
Total 125 100.00
Minimum 0.41176

Maximum 0.94118

Mean 0.64118

Standard deviation 0.12616

Coefficient of variability 0.19677

Skewness 0.22432

Sources: Computed by authors.

Determinants of risk behaviour of small-scale oil palm
processors

The causal relationship between the risk indices and
socioeconomic characteristics of the micro oil palm
millers/processors was investigated using the multiple
linear regression model based on the OLS estimation
technique and the estimates are presented in Table 4.
The R-squared value (0.6451) revealed that about
64.51% of the total variability in the risk indices is
associated with the specified explanatory variables.
The F-statistic (4.709) is significant at 1% probability
level. This indicates that the estimated R-squared 1is
significant and by implication the estimated model has
the goodness of fit. The multicollinearity factor (a

prominent problem common among cross-sectional
data) was tested with the variance inflation factor
(VIF) and tolerance ratio. The result showed no
significant presence of multicollinearity. This further
confirmed the reliability of the estimates of the
multiple regression model. Furthermore, the
estimated RESET test, heteroscedasticity and
normality of the error term tests indicated structural
rigidity of the estimated model, absence of
heteroscedasticity and justification of the use of
Ordinary Least Squares estimation methods
respectively. This implies that the estimates are
consistent and unbiased

Table 4: Ordinary Least Squares estimates of the risk index of oil palm processors in Akwa Ibom State

Variable Coefficient Robust Std. error | t-test Prob. VIF Tolerance factor
Constant 0.7064 0.0868 8.135%** 0.0000 - -
AGE -0.0018 0.0008 —-2.250%* 0.0310 1.414 0.7072
SOC -0.0036 0.0015 —-2.390** 0.0213 1.255 0.7968
EDU -0.0066 0.0038 -1.729* 0.0838 1.301 0.7686
EXP -0.0056 0.0032 -1.751* 0.0816 1.415 0.7067
HHS 0.0005 0.0002 2.500%* 0.0192 1.564 0.6394
CRE 0.0266 0.0350 0.760 0.4473 1.513 0.6609
EXT -0.0141 0.0338 -0.417 0.6770 1.159 0.8628
PIC —6.68¢e-09 3.36e-09 —-1.989* 0.0467 1.515 0.6601
Diagnostic tests

R-Squared 0.6451 White test (P-value) 0.16757
F-Cal (8, 117) 4.7086%** RESET test (P-value) 0.15779
Normality test (P-value) 0.82492 Adjusted R-Squared 0.43980

Source: Computed by authors, asterisk, *, ** and *** represent significant probability at 10%, 5% and 1%

respectively.
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The empirical results showed that o1l palm
processors/millers’ age has a negative relationship
with the risk index factor of oil palm milling. The result
implies that a unit increase in the processor’s age
would lead to about 0.0018 unit reduction in the risk
index. This means that older processors are more risk-
averse compared to younger ones. In other words, the
older processors will likely adopt alternative ways to
avert risky situations rather than tolerate them.
Similar results have been submitted by Akhtar et al,
(2017) and Islam et al, (2021).

The result also showed that increase in social activities
or being a member of a social organization has a
negative correlation with the risk index of oil palm
millers in the study area. This means that being an
active member of an oil palm processors’ association
will reduce the risky situations common to the
business. For instance, a year increase in membership
of a related social group or oil palm processors’ social
group will reduce the risk index by 0.0036 units. The
result satisfies priori expectation because social capital
accumulation resulting from being a member of a
social organization help in information sharing
thereby helping to avert some common risks inherent
in the business. Related results by Akhtar et aZ, (2017)
and Nmadu et al,, (2012) substantiate this finding.

The coefficient of education is negative and significant
at a 10% probability level. This means that years of
formal education of an oil palm processor is a
significant negative determinant of risk index or
attitude. Precisely, a year increase in the formal
education of the processor would lead to a 0.0066 unit
reduction in the risk index of oil palm milling. An
increase in education would likely increase the oil palm
processors’ risk coping ability. It will also increase the
scope of information available to the processor on oil
palm processing risks and equally improve the quality
of human resources as well as managerial ability in the
business. When these attributes are obtained following
improvement in formal education, the oil palm
processors will be risk-averse. The finding corroborates
Nmadu et al, (2012).

The oil palm processors’ experience has a significant
(at a 10% probability level) negative relationship with
the risk index. A year increase in processing
experience will lead to a 0.0056 unit decrease in the
risk index. The plausible reasons for the result include
the fact that an increase in processing experience bred
mitigation strategies in the short run and allowed the
processor to adapt to risk reduction plans in the long
run. The finding aligns with the Nmadu et al., (2012)
report.

Similarly, the processing income of an oil palm
processor has a significant (at 10% probability)
negative relationship with the risk index. This means
that the more income accruing to the processor, the
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more likely production and other forms of risks will be
averted in oil palm milling. The result is in agreement
with a priori expectation as an increase in income will
provide alternative means of solving risky situations
at any point in the value chain of oil palm production.
Akhtar et al, (2017) found a similar result.

Contrary to the above results, an increase in the
household size has a triggering effect on the risk index
of o1l palm processors in the study area. By implication,
a unit increase in the processors’ household size
induces about 0.0005 (at 5% probability) unit increase
in the risk index of oil palm processors in the study
area. An increase in household size increases the
household expenditure thereby depriving farm
households of sufficient financial ability to tackle risky
situations on the farm. The finding agrees with the
report of Nmadu et al, (2012)

SUMMARY and CONCLUSION

The study examined the socioeconomic characteristic
and risk factors confronting the micro-oil palm
processors in Akwa Ibom State, Nigeria. The results
revealed that oil palm processors were fast ageing,
hence the need to encourage youths into oil palm
processing is obvious in the State. Also, there is low
social capital formation among oil palm processors
which has contributed to the slow innovation adoption
among the micro-processors. Besides, results showed
that the majority of the processors were males,
married and have attended tertiary and secondary
schools. The average years of processing experience,
age, membership in social organization and
educational attainment stood at 11.43 years, 48.23
years, 2.78 years and 12.15 years respectively. The
processors' average household size and annual income
was 5 members and N319, 658.33 respectively. The
risk factors identified among the oil palm processors
include insufficient raw materials (oil palm fruits),
poor public electricity/high cost of billing, high cost of
tools, machines and equipment, increase operation
hazard, theft, poor road network and high
transportation cost among others. Findings revealed
that oil palm processors in the region are risk-takers.
The empirical findings showed that the processors’
age, social capital, processing experience and income,
as well as formal education, are negative determinants
of the risk index/attitude of the oil palm processors:
while the household size was identified as a positive
determinant.

In conclusion, it is glaring that harnessing resources to
fast track development in oil palm processing will
contribute immensely to the improvement in human
capacity available in the sub-unit and reduce poverty
among Nigerians. However, the sub-unit needs urgent
interventions to reduce the risky situations associated
with its value chain. The study has identified a myriad
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of factors that should be considered by the
policymakers for meaningful and sustainable
interventions in the sub-unit. Therefore, based on the
findings, it is strongly recommended that government
and all stakeholders in the agricultural sector in the
region should develop policies that will improve the
socioeconomic characteristics of the oil palm processors
and reduce the risk factors in the business to achieve
better efficiency the business. Also, the adult education
programme in the State should be strengthened for
efficient delivery.
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OZET Tarim Ekonomisi
Turkiye’de ekim alani1 ve Gretim miktar: en yliksek kuru baklagil olan
nohut, bu yoniiyle tlke ekonomisi ve Uretimi gerceklestirilen Aragtirma Makalesi

cografyalardaki tretici acisindan o6nemli bir tarimsal triundiar. Bu

calismada Turkiye'nin 2010-2020 yillarinda nohut sektorundeki Makale Tarihgesi
kargilagtirmali  dstiinliginin  degerlendirilmesi  amaglanmistir. Gelig Tarihi  :18.05.2022
Calismada kullamlan veriler TRADEMAP ve TUIK istatistiklerinden Kabul Tarihi :22.09.2022
temin edilmigtir. Karsilagtirmali tistiinliigiin hesaplanmasinda Balassa

indeksi olarak da bilinen aciklanmis karsilastirmali tstiinliikler (RCA) Anahtar Kelimeler

indeksi ve Vollrath Indeksleri olarak da adlandirilan Nispi Ticaret Nohut

Ustiinligii (RTA), Nispi IThracat Ustiinligiiniin logaritmas: (InRXA) ve Aciklanmig Karsilastirmal
Aciklanmis Rekabetcilik (RC) indeksleri kullanmilmistir. Karsilagtirmah Ustiinliikler

ustunligu olgmek i¢in yararlanilan indeksler incelendiginde, Turkiye Dig Ticaret

nohut sektoriinin RCA ve InRXA indekslerine incelenen her yil igin Balassa Indeksi

kargilagtirmali tistiinliige sahip oldugu goriilmiuistiir. Buna kargin ithalat
degerlerini de dikkate alan RTA ve RC indekslerine gore 2012-2013 ve
2015-2017 yillarinda sektorin karsilagtirmali dezavantaja sahip oldugu
belirlenmigtir. Hesaplanan tim indekslerde 2018 yilindan itibaren
onemli artiglar gerceklesmis ve Turkiye'nin nohut sektori igin
karsilagtirmali Gstiinlige sahip oldugu sonucuna ulagilmigtir. Yapilan
arastirmalar, gerceklesen bu 6nemli degisimin Turkiye’de nohut i¢in
yapilan desteklemelerdeki artis ve nohut yeniden ihrag faaliyetleri ile
iligkilendirilebilecegini gostermigtir.

Analysis of Comparative Advantage in the Chickpeas’ Foreign Trade of Tirkiye

ABSTRACT Agricultural Economics
Chickpea 1s a dried legume with its highest cultivation area and )
production amount, and in this aspect, it is significant agricultural Research Article

product for the country's economy and the producers in the geographies

where it is produced. In the calculation of comparative advantage, the Article History

revealed comparative advantage (RCA) index —also known as the Balassa Received ) 18.05.2022
index—, and the Relative Trade Advantage (RTA), the logarithm of the Accepted $ 22.09.2022
Relative Export Advantage (InRXA) and the Revealed Competitiveness Keywords
(RC) indexes —in other words the Vollrath Indexes—, were used. When the Chickpeas

indexes used to measure the comparative advantage are examined, it is
seen that the Turkish chickpea industry has a comparative advantage to
the RCA and InRXA indexes for each year examined. On the other hand,
according to the RTA and RC indexes, which also take into account the
import values, it has been determined that the sector has a comparative
disadvantage in the years 2012-2013 and 2015-2017. Significant
increases have occurred in all calculated indices since 2018, and it has
been concluded that Tirkiye has a comparative advantage for the
chickpea sector. Studies have shown that this significant change can be
associated with the increase in incentives for chickpeas and chickpea re-
export activities in Turkiye.

Revealed Comparative Advantages
Foreign trade
Balassa Index
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GIRIS

Turkiye i¢cin kuru baklagil tretimi gerek ekili tarim
arazilerinin 6nemli bir bélimiini olusturmasi ve ilgili
sanayilere girdi temin etmesiyle sagladigi ekonomik
deger gerekse de saglikli ve dengeli beslenmedeki yeri
nedeniyle o6nem tasimaktadir. Buna ek olarak
baklagillerin ekim nd&betinde kullanilabilir olusu
nadas alanlarinin azaltilmasina olanak tanimaktadir
(Yilar ve ark., 2021). Turkiye Istatistik Kurumu
(TUIK) (Anonim, 2022b) verilerine gére 2020 yilinda
ekim alani ve Uiretim miktar1 en yiuksek kuru baklagil
nohuttur. Nohut tarimi Turkiye'nin her cografi
bélgesinde gercgeklestirilmekle birlikte 2020 yili
verilerine gore Uretimin en yiliksek oldugu bolge Orta
Anadolu’dur. Bunu sirasiyla Bat1 Anadolu, Giineydogu
Anadolu ve Bat1 Karadeniz Bolgeleri takip etmektedir
(Anonim, 2022b).

Orta Dogu’da nohut tiretiminin yedi bin yil éncesine
kadar gittigi bilinmektedir. Diinyada nohut tretimi ve
tiuketimi yiiksek olan yerler Akdeniz Bolgesi ve
Hindistan Yarimadasi’'ndadir. Anadolu’da ise milattan
once 5000 yillarinda ilk olarak tariminin yapildigi
bilinmektedir (Pellet, 1988). Protein, mineral madde
ve vitamin bakimindan diger pek ¢ok bitkisel lriine
gore daha yiksek icerikte olmasi, yag oraninin ise
disiik olmasi nohutun beslenme agisindan 6nemini
ortaya koymaktadar.

Kiresellesmenin artmasi1 ile Dbirlikte ulkeler
arasindaki dig ticaret tim sektorler agisindan énemli
bir hale gelmigtir. Ozellikle 1980 yili sonrasinda
Turkiye ekonomisinde de ihracata dayali biytume
stratejileri benimsenmistir (Ulucan ve ark. 2014,
Bashimov 2017). Béylece Tiirkiyenin ulastig1 pazarlar
da geniglemis ve oOzellikle sektér bazinda
karsilagtirmali Ustunligi o6lgmek amaciyla yapilan
analizler ve bilimsel arastirmalar c¢ogalmistir.
Turkiye’'de yapilan akademik yayinlar incelendiginde,
bu alanda yapilan ¢calismalarin 6nemli bir bolimina
tarih boyunca tilke i¢in miithim bir ithracat kalemi olan
tarim Urinleri tizerine oldugu goérilmektedir. Zaman
igerisinde tarim  {Urlnlerinin  toplam  ihracat
icerisindeki pay1 azalis gosterse de, FAO (Anonim,
2022a) verilerine gére 2010-2020 yillarinda bu pay
halen %10,63 gibi kayda deger bir seviyededir.

Turkiye i¢in tarim trunleri ile ilgili gegmiste yapilan
calismalar incelendiginde, ¢esitli tarim urinlerinin
dinya ya da Avrupa Birligine (AB) gore
kargilagtirmali Gistiinliigtiniin hesaplandig: ¢cok sayida
calismaya rastlamak miumkindir. Bunlardan Coban
ve ark. (2010) tarafindan yapilan calismada, Tiirk
tarim sektorinin AB karsisindaki rekabet giiciiniin
ortaya konmasi amacglanmistir. Balassa indeksi
kullanilarak yapilan hesaplamalar, Turkiyenin
meyve-sebze sektoriinde, seker ve seker Ttrilinleri
sektoriinde kargilagtirmali Gstiinliige sahip oldugunu
gostermistir. Bir diger arastirma ise Peker (2015)
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tarafindan yapilmigtir. Bu arastirmada Turkiye’deki
hububat-baklagil endistrisinin  Avrupa Birligi
pazarindaki rekabet giicii analiz edilmistir. Yapilan
Balassa indeksi hesaplamalari, Turkiye'nin nohut ve
mercimekte kargsilagtirmali Gistinliige sahip oldugunu
gosterirken bugday, kuru fasulye ve misir igin
kargilagtirmali  Ustinlik bulunmadigini  ortaya
koymustur. Giindiiz ve ark. (2004) tarafindan yapilan
caligmada Turkiye'nin secili AB tuyesi ulkeler ile kuru
meyve (kuru {iziim, kuru incir ve kuru kayis1)
ticaretinde karsilagtirmali {stiinliige sahip olup
olmadigr agiklanmig kargilagtirmali Ustiinlikler
(RCA) indeksi kullanilarak hesaplanmistir. Sonuclar
Tirkiye’'nin incelenen tiim iilkelere (Almanya, Fransa,
Ingiltere, Hollanda ve Italya) gore karsilagtirmal
iistiinliige sahip oldugunu géstermistir. Erkan (2012)
tarafindan yapilan ¢alismada, Tirkiye'nin geleneksel
ihrac¢ tarim tirtinleri olan kuru incir, kuru tziim, kuru
kayisi, findik, antep fistig1, ceviz ve bademdeki
uzmanlagsma diizeyinin belirlenmesi amac¢lanmigtir.
Vollrath’in nispi ihracat tstiinliigi indeksi ve Balassa
indeksi ile yapilan hesaplamalar badem ve ceviz
disindaki drtnlerde Tiurkiye'nin  uzmanlagtigini
gostermistir. Ozden (2015) tarafindan yapilan
¢alismada nohut dahil birtakim baklagiller igin
kargilagtirmali istiinliigiin hesaplanmasi i¢in Vollrath
indeksleri arasinda yer alan Nispi Ticaret Ustinlugi
(RTA), Nispi Ihracat Ustiinlugiinin Logaritmas
(InRXA) ve  Aciklanmis  Rekabetcilik  (RC)
indekslerinden yararlanilmistir. Calismada
karsilagtirmali Ustunlikler 1986-1988, 1998-2000 ve
2009-2011 donemleri i¢cin  hesaplanmis  olup,
Turkiye'nin nohut sektoriinde incelenen tim
doénemlerde kargilagtirmali istiinliige sahip olmasina
karsin hesaplanan indeks degerlerinin incelenen ilk
déneme (1986-1988) kiyasla ilerleyen dénemlerde
azalis gosterdigi belirlenmistir. Erkan ve ark. (2015)
tarafindan yapilan c¢alismada Turkiye'nin sebze
ihracatindaki kargilagtirmali ustiinliginin
belirlenmesi amaclanmistir. Calismada sebze alt
gruplar: igin 1993-2002 ve 2003-2012 dénemlerindeki
karsilagtirmali tstunlikler hesaplanmis olup Uriin
gruplarinin biyuk ¢ogunlugunda Turkiyenin her iki
dénemde de karsilastirmali tstiinliige sahip oldugu
ortaya konmustur. Buna karsin incelenen ikinci
dénemde urin gruplarinin 6nemli bir bélimiinde
indeks degerlerinin bir énceki déneme kiyasla dists
gosterdigi belirlenmigtir.

Tiurkiye literatiri ile benzer sekilde uluslararasi
literatiirde de tarim urinlerine yonelik ¢ok sayida
kargilagtirmali  Gstiinlik  analizine  rastlamak
miimkiindiir. Bunlardan Ferté ve Hubbard (2003)
tarafindan yapilan ¢alismada, Macaristanin AB’ye
gore tarim-gida trinlerinde karsilagtirmal tistiinliige
sahip olup olmadiga RTA, InRXA, RC ve RCA
indeksleri ile incelenmisgtir. Sonuglar Macaristan’in 22
urlin grubundan canli hayvanlar, et, hububat, sebzeler
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ve meyveler dahil 11’1 i¢in kargilagtirmali tstunltuge
sahip oldugunu gostermistir. Ishchukova ve Smutka
(2013) tarafindan yapilan calismada Rusya’nin tarim
tirinleri ve gida maddelerindeki aciklanmig
karsilagtirmali  ustunligi RCA, RC ve Lafay
indeksleri kullanilarak incelenmigtir. Balassa indeksi
icin elde edilen sonuglar, Rusyanin tim doénem
boyunca tahillar (tahillar, tahil yan iiriinleri ve
tahillarin islenmesinden elde edilen triinler), yagh
tohumlar ve bitkisel yaglar ve de cikolatada
kargilagtirmali istlinlige sahip oldugunu
gostermistir. Hristov ve ark. (2019) tarafindan yapilan
calismada  Bulgaristan  ayc¢icegi  endiistrisinin
kargilagtirmali tstiinliige sahip olup olmadiginin
anlagilmas1 amacglanmis, bu amag¢ dogrultusunda
RCA, RTA ve RC indekslerinden yararlanilarak
hesaplamalar yapilmistir. Sonuglar Bulgaristan’in
1961-1990 doéneminde aycicegi tohumu konusundaki
karsilagtirmali  Ustunliginin  azalma  egilimi
gosterdigini, 1990 sonrasi1 dénemde ise artis egilimi
gosterdigini ortaya koymustur. Elde edilen sonuclar
Bulgaristan’da 1990 6éncesi donemde yiiksek degere
sahip urinlerin ihracatini 6nceleyen politika ve 1990
sonras1 donemde azalan i¢ tiiketim ile artan diinya
fiyatlar1 ile iligkilendirilmigtir. Pippinato ve ark.
(2019) tarafindan yapilan calismada ABmin bal
sektoriindeki karsilagtirmali istinliginin tespiti
amaclanmis ve bu baglamda Vollrath indekslerinden
Nispi Thracat Ustinligi (RXA), Nispi Ithalat
Ustiinligiic. (RMA) ve RTAdan yararlanilmigtir.
Sonuclar ABnin bal sektériiniin  karsilastirmali
ustinlige sahip olmadigini ortaya koyarken, tye
ulkeler i¢in yapilan hesaplamalar ise 6nemli bal
ureticileri olan AB'nin dogu bdélgelerindeki iilkelerin
yuksek karsilagtirmali ustinliik degerlerine sahip
oldugunu gostermistir.

Bu c¢alismada Tirkiyenin nohut sektoru ele alinarak
2010-2020 yillarinda karsilagtirmali tistinliige sahip
olup olmadigi RCA, RTA, InRXA ve RC indeksleri
kullanilarak hesaplanmistir. Literatiir incelendiginde,
Turkiye'nin tarimsal Uretimi ve tarum Urinleri
ihracati igerisinde énemli bir konuma sahip olan nohut
sektorinin dis ticareti ve kargilagtirmali Gistiinliigiine
yonelik sinirlh sayida  g¢alisma  bulundugu
gorilmektedir. Calismanin literatiirdeki bu acig1
kapatma noktasinda katki sunacagi ve sektor igin
gelecege yonelik planlamalarda yardimci bir kaynak
olarak kullanilabilecegi diistintilmektedir.

MATERYAL ve METOD

Calismanin  ana materyalini 2010-2020 yillar
arasindaki TRADEMAP (Anonim, 2022d) ve Tiirkiye
Istatistik Kurumu (2022) verileri olusturmaktadir.
ilgili yillarda nohut tretimi ve hasat alani verileri
hesaplanmirken TUIK (Anonim, 2022b) tarafindan
paylasilan nohut verilerinin toplami kullanilmigtir.
Karsilagtirmali tstinlik indeksleri ise TRADEMAP
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(Anonim, 2022d) kullanilarak nohut dis ticareti (GTIP:
071340) ve genel dis ticaret verileri ile hesaplanmastar.

Balassa (1965) tarafindan tamtilan Agiklanmis
Karsilagstirmali  Ustiinliikkler (RCA) indeksi, bir
bélgenin ya da  tlkenin  secili  sektoérdeki

kargilagtirmali Gistiinligiini hesaplamak i¢in yaygin
olarak kullanilan yontemlerden biri haline gelmistir.
Balassa (1965) tarafindan ilk olarak belirli iiriinler ve
secili tlkeler i¢in hesaplanan bu indeks tim tlkelerin
ve ticarete konu tim mallarin dahil edilmesiyle
kiiresel anlamda karsilagtirmali Gistinligi yansitacak
sekilde genisletilebilmektedir  (Vollrath, 1991,
Pilinkiene 2014). Aciklanmis karsilastirmali tistiinliik
indeksi (Balassa Indeksi) asagidaki gekilde formiile
edilebilmektedir (Vollrath, 1991; Filiztekin, 2006; Yu
ve ark., 2009; Erkekoglu ve ark., 2014; Laursen, 2015;
Cakan & Turhan, 2022);

X: X;

, Yt Yi
RCAL = %5/ . = &m X
—m S
Xh Xh

Burada; X ihracat degerini, 1 bir tlkeyi, s bir mali, t
tiim tlkeleri ve m ise tiim triinleri temsil etmektedir.
Indeks 0 ila « arasinda deger alabilmektedir ( Terin &
Yavuz, 2019). RCA’nin 1’in iizerinde olmasi s iilkesinin
1 mal1 i¢cin karsilagtirmali tstiinliige sahip oldugunu
gosterirken, indeks degerinin 1’e esit olmasi ve 1'in
altinda olmasi s ulkesinin 1 mali i¢in sirasiyla notr
karsilastirmali Gstiinlik ve kargilagtirmali dezavantaj
anlamina gelmektedir (Yu ve ark., 2009).

€y

Kargilagtirmali tstiinligin hesaplanmasina yonelik
literatiir incelendiginde Balassa Indeksi sonrasi
donemde bu indeksin asimetrik bir indeks olusu,
carpimsal karakteri ve indeks hesaplanirken ilgili tilke
ve malin iki kez sayilmasi gibi gesitli 6zelliklerine
elegtiriler getirildigi ve yeni indekslerin ortaya atildigi
goriilmektedir (bkz. Vollrath, 1991; Hinloopen & Van
Marrewijk, 2001; Hoen & Oosterhaven, 2006; Sarker
& Ratnasena, 2014; Laursen, 2015). Bunlardan
Vollrath (1991), g6z o6niinde bulundurulan mal ve
tlkenin iki kez sayilmasi ve kargilagtirmali Gstiinlik
hesabina ithalat kanadinin dahil edilmiyor olusu
problemlerini dikkate alarak indeksler gelistirmigstir
(Bojnec & Ferts, 2009). Giiniimiizde Vollrath (1987;
1989; 1991) tarafindan gelistirilen Nispi Ticaret
Ustunliga (RTA), Nispi Thracat Ustiinlaginin
logaritmas1 (In RXA) ve Aciklanmig Rekabetcilik (RC)
indeksleri, kargilagtirmali tstinligi hesaplamada
yaygin olarak kullanilmaktadir. Vollrath indeksleri
agagidaki gibi formiile edilebilir (Vollrath, 1991):

RTAL = RXAL, — RMAY, (2)
. Xi
Xn
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RMAL = My M €))
M3
InRXAL = Ln (RXAL) (5)

RC! = Ln(RXAL) — Ln(RMAY)  (6)

Burada X ihracati, M ithalati, 1 bir tlkeyi, r 1 tlkesi
disindaki diinyayi, a bir mali ve n ise a mali digindaki
tim mallar1 temsil etmektedir. RXA ve RMA ise
sirasiyla nispi ihracat tstinligiini ve nispi ithalat
istiinligiinii temsil etmektedir (Vollrath, 1991). RTA,
InRXA ve RC degerlerinin 0’dan buyuk olmas:
durumunda 1 ulkesinin a mali i¢in karsilagtirmali

ustunltige sahip oldugu yorumu yapilirken, RXA’ya
gore bir malin kargilagtirmali iistinliige sahip olmasi
icin 1’den biiyiik olmas1 gerekir (Vollrath, 1991).

BULGULAR ve TARTISMA

Turkiyenin  2010-2020 dénemi nohut uretimi
incelendiginde, iretimin dalgali bir seyir izledigi
goriilmekle birlikte 2018-2020 yillarinda 2010 yilinin
uzerine  ¢iktign  gorilmektedir. Go6z  oOnilinde
bulundurulan yillardaki verim istatistikleri
incelendiginde, uretim miktar:1 ile benzer sekilde
verimliligin de dalgali bir seyir izleyerek artig
egiliminde oldugu belirlenmistir (Cizelge 1).

Cizelge 1. Tiirkiye’nin 2010-2020 Yillarinda Nohut Uretim Miktar1 ve Uretim Alan1
Table 1. Chickpea Production Amount and Production Area in Turkey in 2010-2020

Nohut Uretimi Hasat Edilen Alan .
Yillar Ton Indeks Dekar Indeks Verim (kg/da)
2010 530634 100.00 4462175 100.00 118.92
2011 487477 91.87 4003667 89.72 121.76
2012 518000 97.62 4086994 91.59 126.74
2013 506000 95.36 4188887 93.88 120.80
2014 450000 84.80 3881693 86.99 115.93
2015 460000 86.69 3572220 80.06 128.77
2016 455000 85.75 3516872 78.82 129.38
2017 470000 88.57 3926726 88.00 119.69
2018 630000 118.73 5141015 115.21 122.54
2019 630000 118.73 5177850 116.04 121.67
2020 630000 118.73 5114923 114.63 123.17

Kaynak: Anonim, 2022b; Orijinal Hesaplamalar.

Turkiye'nin 2010-2020 yillarinda illere gére nohut
tretim istatistikleri Cizelge 2’de verilmigtir. Ilgili
yillarda tretimin %8,22’sini gerceklestiren Kirgehir,
Turkiye’nin en biiyik nohut tireticisi ili olurken, bunu
sirasiyla %7,09 ile Yozgat ve %6,78 ile Ankara takip
etmektedir. Uretimin %42,82’si en biyiik 10 tretici il

disinda gerceklestiren, bu illerdeki hasat alani toplam
hasat alaninin %55,44int olusturmaktadir. Cizelge
2’deki verim istatistikleri incelendiginde, 153.99 kg/da
ile verimliligin en yuksek oldugu il Adiyaman olarak
belirlenirken, bunu sirasiyla Antalya ve Konyanin
takip ettigi gorilmektedir.

Cizelge 2. Tiirkiye'nin 2010-2020 Yillarinda Illere Gore Nohut Uretimi
Table 2. Chickpea Production by Provinces in Turkey in 2010-2020

. retim Miktar1 H Edilen Alan .
Sehir TonU et ta % Dekafsat dilen Ala % Verim (kg/da)
Kirgehir 43116.00 8.22 324728.36 7.59 132.78
Yozgat 37169.73 7.09 314860.27 7.36 118.05
Ankara 35560.36 6.78 291024.18 6.80 122.19
Konya 35259.00 6.73 252328.45 5.90 139.73
Antalya 28067.91 5.35 187958.00 4.39 149.33
Karaman 25936.36 4.95 192410.36 4.50 134.80
Usak 25902.82 4.94 253849.00 5.93 102.04
Mersin 25623.18 4.89 225870.73 5.28 113.44
Adiyaman 25343.45 4.83 164583.27 3.85 153.99
Kitahya 17793.36 3.39 164759.45 3.85 108.00
Diger 224510.64 42.82 2372372.09 55.44 94.64
Toplam 524282.82 100.00 4279365.64 100.00 122.51

Kaynak: Anonim, 2022b; Orijinal Hesaplamalar.

Turkiye'nin  2010-2020 yillarinda tlkelere gore
ortalama ihracat miktar ve degerleri Cizelge 3'de
verilmigtir. Cizelge 3 incelendiginde Turkiyenin segili

yillardaki ortalama ihracat degerinin yaklagik 72
milyon dolar, ortalama ihracat miktarinin ise yaklagik
91 bin ton oldugu gorilmektedir. Bu dénemdeki
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ortalama ihracat fiyati ise 0,79 USD kg 1‘dir.
Cizelge 3. Tirkiyenin 2010-2020 Yillarinda Ulkelere Gére Ortalama Nohut Thracat:
Table 3. Average Chickpea Export of Turkey in 2010-2020 by Countries
. o Thracat degeri Thracat miktar Thracat Fiyat
Ithalate Ulke 1000 USD % Ton % (USD kg)
Irak 19563.82 26.95 23185.18 25.36 0.84
Suriye 5357.55 7.38 8107.36 8.87 0.66
Pakistan 4958.36 6.83 8883.55 9.71 0.56
Urdiin 3637.73 5.01 4340.09 4.75 0.84
Suudi Arabistan 3607.18 4.97 4474.18 4.89 0.81
Iran 3143.82 4.33 3402.27 3.72 0.92
Liibnan 2903.27 4.00 4042.64 4.42 0.72
Almanya 2864.09 3.95 2462.73 2.69 1.16
Cezayir 2651.73 3.65 4554.55 4.98 0.58
Birlesik Krallik 2540.18 3.50 3072.18 3.36 0.83
Diger 21357.45 29.42 24917.09 27.25 0.86
Toplam 72585.18 100.00 91441.82 100.00 0.79

Kaynak: Anonim, 2022d; Orijinal Hesaplamalar.

Cizelge 3’e gore secili yillardaki ihracat degerinin
%26,95’sin1  olusturan Irak Turkiyenin en biylk
nohut ihracat partneri konumundayken, bunu toplam
thracatin %7,38ini olugsturan Suriye takip etmektedir.
Secili yillarda Turkiye’den gerceklestirilen nohut
ihracat fiyat1 en yluksek tlke 1,16 USD kgt ile

Almanya olurken, bunu 0,92 USD kg ile Iran takip
etmektedir.

Turkiye'nin 2010-2020 yillarinda nohut piyasasindaki
pazar payr ve aciklanmis karsilastirmali ustinlik
endeks degerleri Cizelge 4’de verilmigtir.

Cizelge 4. Turkiye'nin 2010-2020 Yillarinda Nohut Piyasasindaki Pazar Pay1 ve Aciklanmis Karsilagtirmali

Ustiinligii (RCA)

Table 4. Turkey's Market Share and Revealed Comparative Advantage (RCA) in the Chickpea Market in 2010~

2020
Nohut Thracat1 (1000 USD) Toplam Thracat (1000 USD) Tiirkiye nin
Yillar . P " - RCA
Diinya Turkiye Diinya Turkiye Pazar Pay1
2010 815716 54780 15094126364 113883219 8.90 6.72
2011 1073459 36508 18143786902 134906869 4.57 3.40
2012 1542189 31011 18398323967 152461737 2.43 2.01
2013 1205564 75703 18855390855 161480915 7.33 6.28
2014 1106861 126611 18858563972 166504862 12.96 11.44
2015 1590011 20600 16412910145 143844066 1.48 1.30
2016 2033964 31269 15926878233 142606247 1.72 1.54
2017 2782044 35085 17564178367 156992940 1.41 1.26
2018 1586853 102693 19326713983 167923862 7.45 6.47
2019 1301548 135320 18737613360 180870841 10.77 10.40
2020 1250449 148857 17503376175 169657940 12.28 11.90
Kaynak: Anonim, 2022d; Orijinal Hesaplamalar.
Cizelge 4 incelendiginde Turkiyenin secili yillarda gerceklesmis olmasi, karsilagtirmali Gstinligin

nohut piyasasindaki en yliksek pazar payma %11,44
ile 2014 yilinda ulastigi gorilmektedir. Pazar payinin
%2 seviyesinin altina dustigi yillar ise 2015-2017
yillar1 olarak belirlenmigtir. RCA indeks degerleri

incelendiginde, secili yillardaki tim indeks
degerlerinin 1’'in Uzerinde oldugu gorilmektedir.
Degerin  1'in  lzerinde olmas1  durumunda

kargilagtirmali tstinliige sahip olundugu yorumu
yapilabildigi i¢in Turkiye'nin segili yillarda nohut
irini i¢in karsilagtirmali istiinliige sahip oldugu
ifade edilebilir. Bununla birlikte ilgili yillardaki RCA
degerlerinin 1,41 ile 12,28 arasindaki genis bir skalada
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dengeli bir yapida olmadigini géstermektedir.
Turkiyenin 2010-2020 yillar1 igin nispi ticaret
ustiinliigl, nispi ihracat ustinligi ve agiklanmig
rekabetgilik indekslerine Cizelge 5'de yer verilmistir.
Cizelge 5. incelendiginde InRXA’ya giére RCA ile
benzer gsekilde 2010-2020 yillarinda Tiirkiye'nin nohut
icin  karsilagtirmali  Ustiinlige sahip  oldugu
belirlenmigtir. Buna karsin RTA ve RCA dikkate
alinarak kargilagtirmal ustiinlik
degerlendirildiginde, 2012 ve 2015-2017 yillarinda
Turkiye'nin ilgili mal i¢in kargilagtirmal dezavantaja
sahip oldugu hesaplanmistir.
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Cizelge 5. Tirkiye’nin Nohut Piyasasindaki 2010-2020 Yillar1 Arasindaki Nispi Ticaret Ustiinliigii (RTA), Nispi
Thracat Ustiinligii (RXA) ve Agiklanmis Rekabetgilik (RC) indeks Degerleri
Table 5. Relative Trade Advantage (RTA), Relative Export Advantage (RXA), and Revealed Competitiveness (RC)
Index Values in Turkey's Chickpea Market Between 2010-2020

Yillar RTA InRXA RC

2010 8.74 2.25 2.56
2011 3.98 1.55 1.87
2012 -0.26 0.90 -0.10
2013 -0.03 2.05 0.00
2014 0.99 2.67 0.07
2015 -1.43 0.40 -0.68
2016 -0.05 0.55 -0.03
2017 -1.72 0.35 -0.80
2018 1.59 2.07 0.22
2019 6.89 2.48 0.86
2020 7.64 2.63 0.80

Kaynak: Anonim, 2022d; Orijinal Hesaplamalar.

TARTISMA ve SONUC

Bu calismada 2010-2020 yillarinda Tiirkiye'nin nohut
uretimi, dig ticareti ve karsilastirmali Gstinliginin
incelenmesi amaglanmigtir. Sonuglar Turkiye nohut
sektorinin incelenen donemde ihracat degeri ve
kargilagtirmali tistiinliik degerlerinin dalgali bir seyire
sahip oldugunu gostermigtir.

Calisma sonuglari gecmis ¢aligmalarla
kiyaslandiginda, bu c¢alismada goz  Onilinde
bulundurulan dénemin ilk yillarmmda Ozden (2015)
tarafindan yapilan c¢alismada tespit edildigi gibi
Turkiye'nin karsilagtirmali tstiinliige sahip oldugu
ancak indeks degerlerinin azalis egilimi gosterdigi
belirlenmistir. Ilerleyen yillarda Tirkiye nohut
sektorinin RCA ve InRXA indekslerine gore goz
ontinde bulundurulan her yil i¢in ge¢mis yillarla
benzer sekilde karsilagtirmali tistiinliige sahip oldugu
tespit edilmistir. Buna karsin Goreli Ticaret
Usttinliga (RTA) ve Acgiklanmis Rekabetcilik (RC)
indekslerine gore 2012-2013 ve 2015-2017 yillarinda
sektorun karsilagtirmali dezavantaja sahip oldugu
belirlenmistir. Indeksler arasinda gozlemlenen bu
farklhihik agiklanmig karsilastirmali tistiinliik ve goreli
ihracat ustinligi indekslerinin  karsilagtirmal
ustunligiu hesaplarken ithalat degerlerini gézardi
etmesiyle aciklanabilir. TRADEMAP (Anonim, 2022d)
verilerine gore Tirkiye'nin 2010-2020 doéneminde
nohut ithalatinin en yiiksek oldugu yillar sirasiyla
2014 (171 milyon USD), 2013 (146 milyon USD) ve
2017 (131 milyon USD) yillaridir. Yiiksek miktarda
ithalatin gerceklestigi bu yillar1 i¢ine alan 2012/'13-
2017/'18 piyasa yillarinda TUIK (Anonim, 2022c)
hesaplamalarina gore Tiirkiye’nin nohut konusundaki
yeterlilik derecesi %100in altina dusmustir.
Ithalattaki artis ve yeterlilik derecesinde yasanan
distigler, 2011-2017 yillarinda nohut iretiminde ve
nohut hasat alanlarinda goriilen azalis egilimi ile
iligkilendirilebilir. Bu dénemdeki bazi yillarda bir
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onceki yila gore lretim miktar: ve hasat alanlarinda
artiglar gorilse de 2010 yilinda gergeklegtirilen
tiretimin tizerine ¢ikilamamigtir. Ilerleyen yillarda ise
gerek nohut turetiminde gerekse de nohut hasat
alanlarinda 2010 yili1 seviyesinin tizerine ¢ikilmigtir.
Yine s6z konusu doénemlerde Turkiyenin yeterlilik
derecesi %100 seviyesinin tlzerine cikmistir. Kamu
kurumlar: tarafindan yayinlanan raporlarda (Anonim,
2021; Burucu, 2021) son yillarda gerceklesen artisin
nedeni incelendiginde, bu durumun; Tarim ve Orman
Bakanhig  desteklemelerinin  artmasi, Toprak
Mahsulleri Ofisi’nin 25 yillhik aradan sonra gorev
alanina bakliyat turinlerini dahil ederek alim
garantisi vermesi ve Nadas Alanlariin Daraltilmasi
(NAD) gibi projelerle iligkilendirildigi goriilmektedir.
Nohut tretimi ve hasat alaninda gerceklegen artig ile
paralel olarak incelenen tim kargilagtirmali tistiinliik
indekslerinde oOnceki donemlere kiyasla artiglar
gerceklestigi dikkate alindiginda, yapilan tesviklerin
nohut sektoriindeki uzmanlagsma diizeyini arttirma
noktasinda katk: sunmus olabilecegi
dustnilmektedir. Bu iddianmin test edilmesi igin
gelecek  calismalarda  tarimsal  tegvikler ile
karsilagtirmali  ustunlik indeksleri  arasindaki
iligkinin ekonometrik cergevede incelenmesi, kirsal
kalkinma ve tarimsal tiretim agisindan olduk¢a 6nemli
mekanizmalar olan tarimsal tesviklerin uluslararasi
uzmanlagsmaya katki sunup sunmadiginin anlagilmasi
hususunda fayda saglayacaktir. Karsilagtirmali
ustiunlik indekslerinde yagsanan artiga gerekce olarak
gosterilebilecek bir diger sebep ise Turkiye'nin nohut
yeniden ihrag (re-export) faaliyetleridir. Burucu (2021)
tarafindan hazirlanan raporda ithal edilen nohut
icerisinde yeniden ihracin 6nemli bir paya sahip
oldugu ve yeniden ihrag faaliyetleri dolayisiyla ithalat
artarken ihracatin da arttigi belirtilmektedir.

Thracat fiyatlarimin  bir sektér i¢in dig ticareti
degerlendirirken goz 6niinde bulundurulmasi gereken
onemli  bir faktér oldugu distnilmektedir.
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Tirkiye'nin 2010-2020 yillarindaki nohut dig ticaret
fiyat1 0,79 USD kg! olarak hesaplanmigtir.
Hesaplanan bu fiyat, TRADEMAP (Anonim, 2022d)
verilerine gore ilgili donemdeki diinya ortalamasinin
ve dinyanin 6nemli ihracatcilar1 arasinda yer alan
Avusturalya ve Rusya’nin tzerindedir. Buna karsin
onemli ihracatgilar arasinda yer alan diger tlkeler
olan Hindistan ve Meksika’nin altindadir.

Sonuclar genel olarak degerlendirildiginde ge¢mis
donem verileri dikkate alindiginda Turkiyenin nohut

iretimi ve dig ticareti konusunda ylksek Dbir
potansiyele sahip oldugu gorulmektedir. Yakin
zamanda bu potansiyelin yeterli 6lctide
kullanilamadigi  ve  karsilagtirmali  dezavantaj

pozisyonuna gerilendigi dénemler yasansa da tarim
politikas1 araglarimin dogru kullanimi ve piyasa
kogsullarinin uygun olmasi halinde, Tirkiye nohut
sektorinin potansiyel pazar hacmini ve
karsilagtirmali tstiinligina kisa bir stre igerisinde
yeniden kazanma kabiliyetinde oldugu ifade edilebilir.

Aragtirmacilarin Katk: Orani Beyan Ozeti

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

catismasi olmadigini beyan ederler.
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OZET

Bu c¢alismanin amaci; Burdur ilinde seker pancari tarimi yapan

Tarim Ekonomisi

igsletmelerin tretim masraflar: ve karhliklar: hesaplanarak isletmelerin Aragtirma Makalesi
ekonomik yapisini tespit etmektir. Calismanin ana materyaline ait

veriler Burdur ilinde seker pancari turetim faaliyetinde bulunan Makale Tarihgesi
isletmeler arasindan tabakali tesadiifi 6rnekleme yontemiyle secilen 66 Gelig Tarihi  :22.07.2022

isletmeci ile yuz-yuze goriusilerek elde edilmistir. Anket yontemiyle
toplanan veriler 2021 tiretim sezonuna aittir. Arastirma bulgularina gore

Kabul Tarihi :23.09.2022

seker pancar1 uretiminde, toplam tiretim maliyetleri igerisinde degisen Anahtar Kelimeler
ve sabit masraflarin paylar: %77.16 ve %22.84 olarak tespit edilmistir. Seker pancari
Toplam tiretim maliyetleri icerisinde 6nemli bulunan masraflar sirasiyla Burdur

sulama, arazi kirasi, giibre, makine kirasi, isgiicii ve ila¢ masraflaridir. Ekonomik analiz
Seker pancar1 iretiminde dekara toplam masraf 2293.55 TL, GSUD Maliyet

3461.51 TL, brit kar 1691.59 TL, net kar 1167.96 TL olarak Karhhk

hesaplanmigtir. Nispi kar ise 1.51 olarak belirlenmistir. Isletmelerde
dekara seker pancari verim ortalamasi 6833.33 kg ve kilogram maliyeti
0.34 TL olarak belirlenmistir. Kilogram bagina kar marji 0.09 TL’dir.
Bolgede seker pancari isletmelerinin karli oldugu tespit edilmigtir.
Ancak Uretimde kullanilan girdilerden giibre, motorin ve sulama ig¢in
kullanilan elektrik fiyatlarindaki artiglarin uretim maliyetlerini
artirdigr ve gecmis yillara gore isletmelerin karhliklarinin azaldig:
belirlenmigtir. Bélgede seker pancar: liretiminin devamliligir acisindan
uretim maliyetlerini distrecek ve verim artisi saglayacak tarimsal
destekleme modellerine ihtiyag vardir.

Sugar Beet Production Cost and Profitability Analysis: The Case of Burdur Province

ABSTRACT Agricultural Economy
This study aims to determine the economic structure of sugar beet .
farming by calculating the production costs and profitability in Burdur Research Article
province. The data belonging to the primary material of the study were . .

0 e 0 0 0 Article History
obtained by face-to-face interviews from 66 enterprises selected through Received £ 99 07.2022
the stratified random sampling method in sugar beet production. The Aecelve d :23'09'2022
data collected by the survey method belong to the 2021 production season. ccepte TaO
According to the research findings, the shares of variable and fixed costs
. . . . Keywords
in total production were determined as 77.15% and 22.85%, respectively. Sugar beet
The significant expenses are irrigation, land rent, fertiliser, machinery Burdur
rental, labor, and pesticide, respectively, within the total production 0 g

) ; Economic analysis

costs. The total cost, GPV, gross profit, and net profit per decare were Cost
calculated as 2293.55 TRY, 3461.51 TRY, 1691.59 TRY, and 1167.96 TRY, Profitability

respectively, in the production of sugar beet. The relative profit was 1.51.
The average yield of sugar beet was determined as 6833.33 kg per decare.
Furthermore, the cost and the profit margin per kilogram were
determined as 0.34 TRY and 0.09 TRY, respectively, which indicated that
sugar beet enterprises in the region were profitable. However, the
increases in the prices of fertiliser, diesel, and electricity used for
irrigation, which are the inputs used in production, went up the
production costs and, hence the profitability of the enterprises decreased
compared to previous years. In terms of the continuity of sugar beet
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production in the region, there is a need for agricultural support models
that will reduce production costs and increase yields.

Ataf Sekli: Kadakoglu, B., Karly, B., Tasci, N., & Ozyiirek, H. (2023). Seker Pancar1 Uretim Maliyeti ve Karlilik Analizi:
Burdur 1li Ornegi. KSU Tarm ve Doga Derg 262), 385-392. httpsi/doi.org/10.18016/
ksutarimdoga.v26175874.1146948.

To Cite : Kadakoglu, B., Karli, B., Tagci, N., & Ozyiirek, H. (2023). Sugar Beet Production Cost and Profitability
Analysis: The Case of Burdur Province. KSU J. Agric Nat 262), 385-392. https://doi.org/10.18016/
ksutarimdoga.v26175874.1146948.

GIRIS ark., 2021). Dolayisiyla tarim isletmelerinin {iretim

Diinya seker uretiminin %80'ni seker kamigindan,
%20’s1 1se pancar sekerinden elde edilmektedir
(Anonim, 2021). Birlesmis Milletler Gida ve Tarim
Orgitiniin (FAO) 2020 yili verilerine gore diinyada
4.44 milyon hektar alanda 253 milyon ton seker
pancar: Uretimi gerceklesmistir. Rusya, seker pancari
ekim alani bakimindan %20.65’lik pay ile diinya seker
pancar Uretiminde ilk sirada yer almaktadir. Rusya’y1
sirasiyla  %12.06’hik  pay ile Amerika Birlesik
Devletleri, %11.31’lik pay ile Almanya, %10.36’11ik pay
ile Fransa ve %9.10luk pay ile Turkiye takip
etmektedir (Anonymous, 2022). Tiirkiye, seker pancar:
uretiminde dinyada beginci tlke konumundadar.

Turkiye'de seker pancari Uretiminin tamami tarima
dayali sanayilerde kullanilmaktadir (Kadakoglu &
Karli, 2022). Seker pancar: iiretimi kotaya tabi olup
seker fabrikalarinin bulundugu bdlgelerde yogun
olarak turetilmektedir. S6zlesmeli tretim modelinin
uygulandig1 seker pancari tariminda; girdi, avans,
alim garantisi gibi konularda fabrika ile uretici
arasinda igbirligi yapilmaktadir. Turkiye'de 2021 yili
itibariyle 15 adet devlet, 12 adet o6zel ve 6 adet
kooperatif olmak tuzere toplamda 33 adet seker
fabrikas1 faaliyet gostermektedir (Anonim, 2022c).
Turkiye Istatistik Kurumunun (TUIK) 2021 yih
verilerine gore Turkiye’de 54 ilde, 3023486 dekar
alanda, 17 milyon 767 bin ton seker pancari
uretilmigtir. Arastirma bolgesi olan Burdur ilinde
2004 yilinda 43111 dekar olan seker pancari ekim
alanmi %23.17 azalarak 2021 yilinda 33123 dekara,
uretim miktar1 ise %19.95 azalarak 185289 tondan
2021 yilinda 148323 tona gerilemistir (Anonim,
2022a). Seker pancari iiretimi Burdur ilinde azalis
egilimi icerisinde olmasina ragmen ¢ok sayida uretici
tarafindan tretilmekte ve il icin 6nemli bir gec¢im
kaynag Girliinii olarak karsimiza gitkmaktadir. Bolgede
1955 yilinda faaliyete gegen Tirkseker Burdur seker
fabrikas1 halen hizmetine devam etmektedir. Fabrika
ginimizde 5320 ton/giin seker pancar1 isleme
kapasitesine sahip olup yilda ortalama 141 gin
faaliyet gostermektedir (Anonim 2022b).

Tarim sektoriinde iiretim maliyetlerinin belirlenmesi
hem {treticiler hem politika yapicilar hem de tiiccar ve
sanayiciler i¢cin 6nemli bir karar kriteridir. Ayrica
tiretim masraflarn girdi masraflarina bagh olarak
degigkenlik gostermekte ve dénemsel olarak yapilacak
hesaplamalarda énem arz etmektedir (Bayramoglu ve
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maliyetlerinin hesaplanmasi sektoérin tim

paydaslarinm1 yakindan ilgilendirmektedir.

Diinyada ve Tirkiye’de seker pancari ekonomik
yapisin1 konu alan ¢alismalar yapilmistir (Peck, 1916;
Vierling & Zeddies, 1996; Goktolga & Karkacier; 2001;
Erdal ve ark., 2007; Gazioglu, 2009; Topcu ve ark.,
2012; Laate, 2014; Rezbova ve ark., 2016; Lubova ve
ark., 2018; Giil, 2019). Ancak arastirma bélgesinde
seker pancari uretiminin ekonomik analiziyle ilgili
calismaya rastlanilmamigtir. Bu ¢calismada, Burdur ili
icin 6nemli bir tarimsal Urin olan seker pancari
tiretiminin  maliyet ve  karlilhik  gdstergeleri
hesaplanarak isletmelerin ekonomik yapisinin ortaya
konulmasi1 amac¢lanmigtir.

MATERYAL ve METOD

Aragtirmanin ana materyalini, Burdur ilinde seker
pancar1 lretim faaliyetinde bulunan 66 igletmeciyle
yuz-ylze anket yontemiyle gorisilerek elde edilen
birincil verilerden olusmaktadir. Cift¢gi goérugmeleri,
etik kurul 1zni alinarak 2022 yilinda
gerceklestirilmistir. Ikincil veriler olarak ise cesitli
kurum ve kuruluglarin istatistiksel verilerinden
yararlanilmigtir.

Bu calisma i¢in etik kurul izni Isparta Uygulamali
Bilimler Universitesi Bilimsel Arastirma ve Yayin
Etigi Kurulu'nun 14.06.2022 tarihli ve 1 numarali
karar ile alinmagtir.

Ornekleme Yontemi

isletmelerin ana kitlesini Burdur ilinde seker pancari
tretiminin %96.40’1in1 ve ekim alani olarak %96.06’s1in1
olusturan Cavdir, Tefenni, Goélhisar, Karamanli,
Kemer, Bucak ve Merkez ilgelerinde seker pancari
iiretimi yapan isletmeler olusturmustur (Sekil 1)

Ana Kkitleye ait veriler Burdur 11 Tarim ve Orman
Mudurlugi kayitlarindan elde edilmigtir. Tabakali
ornekleme  yontemlerinden  Neyman  Yontemi
kullanarak anket yapilacak 6rnek igletme sayis: tespit
edilmistir (Yamane, 2001). Ana kitleyi temsil edecek

ornek igletme sayis1i  egitlk 1  araciligiyla
hesaplanmigtir.

NhSh)?
h Q& ) o

" N2D2 + Y NhSh?
Esitlikte: n! 6rnek hacmi, N: Ana kitledeki toplam
birim sayisini, Nh: h. tabakadaki birim sayisini, Sh: h.
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tabakanin standart sapmasini, Sh?* h. tabakanin
varyansini, D?: d%/z2, d*: ana kitle ortalamasindan izin

verilen hata miktarini, (%10), z2: izin verilen giivenlik
sinirinin tablo degerini (%99) temsil etmektedir.

Sekil 1. Arastirma alani
Figure 1. Research area

Tesadufi olarak popiilasyondan segilen igletmeler,
seker pancari ekim alani biiytukligine gore ti¢ gruba
ayrilmistir. Isletmelerin gruplara gére dagilimi esitlik
2 aracihifiyla gerceklestirilmistir (Cicek & Erkan,
1996).

Ny, Sy
M = SNCS, (2)
Esitlikte: Nh: her gruba segilen 6rnek sayisi ve n:
toplam 6rnek sayisini ifade etmektedir.

* N

Cizelge 1. Orneklem buyiklagi
Table 1. Sample size

Ana kitleyi temsil eden 6rnek isletme sayis1 66 adet
olarak tespit edilmistir. Buna gore 10.00 dekar ve
altinda seker pancari ekim alani olan isletmeler (19
adet) I. grup, 10.01-20.00 dekar arasinda seker pancari
ekim alan olan igletmeler (11 adet) II. grup, 20.01 ve
daha fazla dekar seker pancari ekim alami olan
isletmeler (36 adet) III. grup olarak belirlenmistir
(Cizelge 1).

Grup (S;eli:;rg)ancan clim alam Adet (Nb) S;?)E'nd; " Varyans Isletme sayis: Oran
. (Number : (Number of
(Group) (Sugar beet cultivation area (Standard (Variance) (Percent)
(decares)) (NB) deviation) farms)
1 1.00-10.00 547 2.68 7.21 19 28.79
11 10.01-20.00 204 4.43 19.64 11 16.67
11T 20.01 + 116 24.42 596.48 36 54.54
Toplam
(Total) 867 18.04 325.34 66 100.00
Istatistik Analizler yapilmigtir. Bolgede seker pancar1 tariminda c¢aligan

Aragtirmada anket yontemiyle elde edilen birinciler
veriler 2021 Uretim donemine aittir. Seker pancari
uretim maliyetleri ve karlihk go6stergelerinin
hesaplandig:1 bu ¢alismada, isletmelerin seker pancari
uretim faaliyetinin yaninda farkl tretim dallarinda
da uretim yaptiklar: i¢in igletme maliyetleri tek tirin
biitce analiz yontemiyle belirlenmigtir. Ureticiler
seker pancari Uiretiminde kendilerine ait makineleri ve
arazileri kullanmalar1 halinde, sezon igerisindeki kira
fiyatlarn dikkate alinarak maliyet hesaplamalar:
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erkek ve kadin yabanci iggiicli Ucretleri esas alinarak
igsglicii ucretleri belirlenmigtir. Doner sermaye faizi
T.C. Ziraat Bankasinin uyguladigi bitkisel Uretim

kredi faiz orammmin yarist  (%4.50) alinarak
hesaplanmigtir. Genel idare giderleri ise toplam
degisen masraflariin %3.00’1 alinarak
hesaplanmigtir.

Seker pancar: liretimi i¢in gayrisafi tiretim degerinin
(GSUD) ve karhlik gostergelerinin hesaplamalar: 3
numaral esitlikte gosterilmistir (Erkus, 1979; Acil &
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Demirci, 1984; Rehber, 1993; Erkus ve ark., 1995;
Kiral ve ark., 1999).

GSUD = Uretim Miktar1 (kg) x Satig Fiyat1 (TL/kg),
Briit Kar = GSUD — Degisen Masraflar, Mutlak Kar =
GSUD - Uretim Masraflar;, Nispi Kar = GSUD /
Uretim Masraflari, 1 Kg Seker Pancarinin Maliyeti =
Uretim Masraflar1 Toplam1 (TL/da) / Verim (kg/da),
Kar Marji = Satis Fiyat1 (TL/kg) — Uretim Maliyeti
(TL/kg) (3)

Aragtirmada elde edilen sonuglar bakimindan igletme
gruplar1 arasinda farklilik olup olmadig: istatistiksel
olarak test edilmistir. Analizden 6nce verilerin normal
dagilim gosterip gostermedigi normallik testleri ile
test edilmistir. Orneklem biuyikligi 35'den biyiik
olan  c¢alismalarda  Kolmogorov-Smirnov  testi
kullanilmasi  o6nerilmektedir ~ (McKillup, 2012).
Verilerin normallik testi Kolmogorov-Smirnov testiyle
yapilmis ve baz1 degiskenlerin normal dagilim
gosterdigli bazi degiskenlerin ise normal dagilim

gostermedigi tespit edilmistir. Normal dagilim
gosteren degiskenlere parametrik olan tek yonla
varyans  analizi  (ANOVA), normal dagilim

gostermeyen verilere ise parametrik olmayan Kruskal-
Wallis testi uygulanmistir.

BULGULAR ve TARTISMA

Isletmelerde seker pancar: arazi genislikleri 2 dekar
ile 66 dekar arasinda degismekte olup ortalama arazi
buyuklugii 29.11 dekar olarak tespit edilmigtir.
Isletme genislik gruplarina gore arazi genislikleri I.
grupta 6.42 dekar, II. grupta 14.73 dekar ve III. grupta
45.47 dekar olarak belirlenmigtir.

Isletmeler ortalamasinda seker pancari iretim
masraflar1 2293.55 TL/da olarak hesaplanmistir.
Isletme geniglik gruplarina gére; I. grupta 2334.95
TL/da, II. grupta 2717.04 TL/da ve III. grupta 2142.30
TL/da olarak tespit edilmistir. Igletme genislik
gruplar1 ve Uretim masraflar1 arasindaki farkhliklar
istatistiksel olarak o6nemli bulunmustur (p<0.01).
Degisen masraflar toplami isletmeler ortalamasinda
1769.92 TL/da (%77.16) olarak bulunmustur. Isletme
geniglik gruplarina goére; I. grupta 1785.09 TL/da
(%76.45), I1. grupta 2143.64 TL/da (%78.89) ve IIL
grupta 1647.73 TL/da (%76.91) olarak belirlenmistir.
Isletme geniglik gruplar1 ve degisen masraflar
arasindaki farklhilhiklar istatistiksel olarak Onemli
bulunmustur (p<0.01). Degisen masraflar icerisinde en
onemli masraf unsuru sulama masrafi olup toplam
uretim masraflar1 icerisindeki payr %22.68 olarak
tespit edilmigtir. Sulama masrafini sirasiyla %14.91
ile giibre, %14.75 ile makine kirasi, %13.59 ile iggiici,
%3.34 1le ilag, %2.72 ile tohum, %3.32 ile doner
sermaye faizi ve %1.85 ile diger degisen masraflar
takip etmektedir. Isletme geniglik gruplar: ile gubre,
tohum, déner sermaye faizi, diger degisen masraflar
arasindaki farklhilhiklar istatistiksel olarak Onemli
bulunmustur (p<0.01). Sulama, makine kirasi, isgiicii
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ve 1ila¢ masraflarn ile igletme geniglik gruplarn
arasindaki farhliklar istatistiksel olarak o6nemli
bulunmamistir (p>0.05). Sabit masraflar toplami
isletmeler ortalamasinda 523.63 TL/da (%22.83)
olarak hesaplanmigtir. Igletme geniglik gruplarina
gore; 1. grupta 549.82 TL/da (%23.55), I1. grupta 573.40
TL/da (%21.11) ve III. grupta 494.57 TL/da (%23.09)
olarak belirlenmigstir. Isletme geniglik gruplari ve
sabit masraflar arasindaki farkliliklar istatistiksel
olarak énemli bulunmustur (p<0.01). Sabit masraflar
icerisinde en 6nemli masraf unsuru arazi kirasi olup,
toplam tUretim masraflar1 igerisindeki payr %20.52
olarak tespit edilmig ve bu masraf unsurunu %2.32’lik
pay ile genel idari giderleri takip etmektedir (Cizelge
2). Isletme genislik gruplar: ile genel idari giderleri,
arazi kirasi1 masraflari arasindaki farklhiliklar
istatistiksel olarak oénemli bulunmustur (p<0.01).
Diger gruplara gore III. grupta giibre masrafinin
distik ¢ikmasinin sebebi, III. gruptaki igletmelerin
%75.00'nin toprak analizi yaptirmasi ve toprak analizi
sonuglarina gore giibreleme uygulamasi yapmalariyla
aciklanabilir. I. gruptaki isletmelerin %47.37’s1 ve II.
gruptaki igletmelerin %36.36’sinin  toprak analizi
yaptirdig1 belirlenmistir.

Goktolga & Karkacier (2001) yaptiklar: calismada,
Tokat ilinde seker pancari iretim masraflari icerisinde
degisen masraflarin  paym  %69.74 ve sabit
masraflarin payimm %30.26 olarak tespit etmiglerdir.
Yine ayni ilde yapilan bir diger ¢alismada ise lretim
masraflari icerisinde degisen masraflarin pay1 %76.48
ve sabit masraflarin  payr  %23.52  olarak
hesaplanmistir (Bayramoglu ve ark., 2005).

Topcu ve ark. (2012) yaptiklar1 ¢alismada, Erzurum
ilinde seker pancari uretim masraflar1 igerisinde
degisen masraflarin  paym %78.12 ve sabit
masraflarin paymi %21.88 olarak hesaplamiglardir.
Degisen masraflar igerisinde ilk sirada %38.90 ile
isgiicl, sabit masraflar icerisinde ise ilk sirada %14.49
ile arazi kirasinin yer aldigini bildirmiglerdir.

Giil (2019) yaptig1 calismada, Kahramanmaras ilinde
seker pancari Uretim masraflar1 igerisinde degisen
masraflarin payim %67.60 ve sabit masraflarin payini
%32.40 olarak belirlemigtir. En o6nemli masraf
unsurlarin1 degisen masraflar icerisinde %25.51 ile
iggiicl, sabit masraflar icerisinde ise %11.96 ile arazi
kirasi olarak tespit etmigtir.

Toplam uretim masraflar igerisinde degisen ve sabit
masraflarin paylar1 diger ¢calisma sonuglarina yakin
bulunmugtur. Son yillarda artan enerji maliyetleri
seker pancar1 TtUretiminde o6zellikle sulama i¢in
kullanilan enerji maliyetlerini artirmistir. Bu nedenle,
diger c¢alisma sonuglarindan farkli olarak bu
calisgmada degisen maliyetler icerisinde en 6nemli
unsur sulama masrafl olarak 6ne ¢ikmaktadir. Sabit
masraflar igerisinde en 6nemli unsurun arazi kirasi
olmasi, diger ¢alisma sonuglar1 ve arastirma bulgusu
ile benzerlik gostermektedir.
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Cizelge 2. Isletmelerde seker pancar: tiretim masraflar:
Table 2. Sugar beet production costs in farms .
Isletmeler
Maliyet I 1I 11T Ortalamasi p
(Cost) (Farms Average)
TL/da % TL/da TL/da % TL/da %
Sulama_ 480.26  20.57  573.64  21.11  524.86 2450  520.15  22.68  0.496
(Irrigation)
Giibre | 410.63  17.59  545.82  20.09  243.32  11.36  341.90  14.91  0.000%**
(Fertiliser)
Makine kiras: 313.61 1343  367.05 1351  342.36 1598 33820  14.75  0.249
(Machine rental)
Isgiica 304.67  13.05 32898 1211  309.97 1447 31161 1359  0.191
(Labour)
Tlag
(Posticide) 76.18 3.26 99.77 3.67 69.83 3.26 76.65 3.34 0.185
Tohum 84.18 3.61 78.80 2.90 45.88 2.14 62.39 2.72 0.000%**
(Seed)
Diger degisen masraflar e
(Other vamable costs) 38.68 1.65 57.27 2.10 40.56 1.89 42.80 1.85 0.005
Doner sermaye faizi
(The interest in working — 76.87 3.29 92.31 3.40 70.95 3.31 76.22 3.32 0.000%**
capital)
Degigen Masraflar 1785.09 76.45  2143.64 78.89  1647.73 7691  1769.92 77.16  0.000%**
(Variable costs)
Arazi kiras: 496.32  21.26  509.09  18.74  445.14  20.78  470.53  20.52  0.004%**
(Land rent)
Genel idari giderleri
(General administration  53.55 2.29 64.31 2.37 49.43 2.31 53.10 2.32 0.000%**
eXpenses)
Sabit Masraflar 549.87  23.55  573.40  21.11 49457  23.09  523.63  22.84  0.001***
(Fixed costs)
Uretim Masraflan 2334.95 100.00 2717.04 100.00 2142.30 100.00 2293.55 100.00  0.000%**
(P{'Oductwn costs)
*** Istatistiksel olarak %1 diizeyinde anlamhilig1 ifade etmektedir.
Isletmelerde seker pancar1 tretiminde ana triiniin uygulanmugtir. Bu destekler hesaplamaya dahil

gayrisafi Uretim degeri 2910.77 TL/da olarak
hesaplanmigtir. Igletme geniglik gruplarina gore; I.
grupta 2941.67 TL/da, II. grupta 3076.46 TL/da ve III.
grupta 2841.58 TL/da olarak belirlenmistir. Isletme
geniglik gruplar1 ve GSUD arasindaki farkhiliklar
istatistiksel olarak 6nemli bulunamamistir (p>0.05).
Yan diriin  olan kiispenin  GSUD igletmeler
ortalamasinda 225.13 TL/da, I. grupta 225.38 TL/da,
II. grupta 245.42 TL/da ve III. grupta 218.80 TL/da
olarak hesaplanmistir (Cizelge 3). Igletme geniglik
gruplari1 ve yan Urin geliri arasindaki farkhihiklar
istatistiksel olarak énemli bulunamamistir (p>0.05).

Tarim sektoriinde verilen tarimsal destekler uretici
gelirlerinde pozitif artigsa neden olmaktadir. Girdi
destekleri (kimyasal giibre, motorin vb.) iiretim
maliyetlerinin diismesine, prim destekleri ise Uretici
gelirinin artmasina etki etmektedir. Seker pancari
iretiminde uygulanan temel politika araci mazot-
giibre destegi olup 2021 yilinda dekara 17 TL mazot, 8
TL glibre olmak iizere toplamda 25 TL uygulanmigtir
(Resmi Gazete, 2021). Ayrica 2021 yili 6zelinde seker
pancari iretimi i¢in daha 6nce uygulanmayan fark
o6deme (prim) destegi ton basma 15 TL olarak
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edilerek; maliyet ve karlilik gosterge sonuclar: ortaya
konulmustur.

Isletmelerin tarimsal desteklerden elde ettigi gelir
isletmeler ortalamasinda 325.61 TL/da, I. grupta
129.87 TL/da, II. grupta 352.05 TL/da ve III. grupta
420.83 TL/da olarak belirlenmistir. Isletme geniglik
gruplar1 ve tarimsal destekler arasindaki farkhiliklar
istatistiksel olarak énemli bulunamamistir (p>0.05).
Ana Uirtin, yan tiriin ve tarimsal desteklerin toplamiyla
hesaplanan toplam GSUD ise isletmeler
ortalamasinda 3461.51 TL/da olarak hesaplanmigtir.
Isletme geniglik gruplarina gore; I. grupta 3296.93
TL/da, II. grupta 3673.92 TL/da ve III. grupta 3481.22
TL/da olarak belirlenmigtir (Cizelge 3). Isletme
geniglik gruplart ve toplam GSUD arasindaki
farkhiliklar istatistiksel olarak énemli bulunamamistir
(p>0.05). Isletmelerin seker pancari tiretimi icin dekar
basina aldiklar: tarimsal destekleme 6demelerinin net
kar1 %38.65, briut kar1 %23.84 ve nispi kar1 %10.38
oraninda artirdigi tespit edilmistir.

Brut kar isletmelerde 1691.59 TL/da olarak
belirlenmigtir. Igletme geniglik gruplarina gore; I.
grupta 1511.84 TL/da, II. grupta 1530.29 TL/da ve III.
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grupta 1833.49 TL/da olarak hesaplanmigtir (Cizelge
3). Isletme genislik gruplar1 ve briit kiar arasindaki

Cizelge 3. Seker pancar: tiretiminde maliyet ve karlilik
Table 3. Cost and profitability in sugar beet production

farkhiliklar istatistiksel olarak énemli bulunamamistir
(p>0.05).

oot ond Pt 1 Orilinas  »

. arms Average)
z?égsté]/)dgyda) 2941.67 3076.46 2841.58 2910.77 0.335
](33;{_}1;;0222? &fggéﬁf) ) 225.38 245.42 218.80 225.13 0.207
(24 ;j;;‘gf,ii?gifj ;ﬁ;s(};%gﬁ)) 129.87 352.05 420.83 325.61 0.253
?T'OTtg?lg;lVG;}j;j )(TL/da) (A+B+C) 3296.93 3673.92 3481.22 3461.51 0.484
%}gfliﬁzncﬁg:rg}éjTL/da) 1785.09 2143.64 1647.73 1769.92 0.000%#*
fgfﬁt ﬁjg%iﬁi () 1511.84 1530.29 1833.49 1691.59 0.368
?jiﬁ?ﬁ}éﬁiﬁ?ar (TLida) 2334.95 2717.04 2142.30 2293.55 0.000%**
%ﬁiﬁfﬁg; g{jﬁj‘) 06 961.97 956.89 1338.92 1167.96 0.244
I@E}jﬁf@iﬁ%ﬁ : 1.41 1.35 1.62 1.51 0.082%*
iﬁi%m 6868.42 7409.09 6638.89 6833.33 0.254
Ié;ﬁﬁ;ﬁ;y;i}(g}’kg) (&) 0.43 0.42 0.43 0.43 0.118
%Pr[iﬂg}oy 210155 tégé%kg) " 0.34 0.37 0.32 0.34 0.269
M. Kar Marji (TL/kg) (K-L) 0.09 0.05 011 0.09 0160

(Profit Margin (/kg))

*H* %% Sirasiyla istatistiksel olarak %1 ve %10 dizeyinde anlamhilig: ifade etmektedir.

Net kar; GSUD'nden toplam iiretim masraflarin
cikartilmasiyla hesaplanmis ve isletmelerde 1167.96
TL/da olarak belirlenmistir. Igletme genislik
gruplarina goére; I. grupta 961.97 TL/da, II. grupta
956.89 TL/da ve II1. grupta 1338.92 TL/da olarak tespit
edilmistir (Cizelge 3). Isletme geniglik gruplari ve net
kar arasindaki farkhliklar istatistiksel olarak 6nemli
bulunamamistir (p>0.05).

Nispi kar; GSUD’nin toplam iiretim masraflarina
béliinerek hesaplanmis ve isletmelerde ortalama 1.51
olarak hesaplanmigtir. Isletme genislik gruplarina
gore; 1. grupta 1.41, II. grupta 1.35 ve III. grupta 1.62
olarak tespit edilmistir. Bu deger seker pancari
tiretiminde igletmelerin 1 TL'lik masraf karsiliginda
1.51 TLlik tretim degeri elde ettigini ve bunun 51
kurugsunun kar oldugunu gostermektedir. Igletme
gruplarina gore ortalama 1 TL’lik masraf kargiliginda
I. gruptaki igletmelerin 41 kurus, II. grup igletmelerin
35 kurus ve III. grup isletmelerin 62 kurus kar elde
ettikleri hesaplanmistir (Cizelge 3). Seker pancari
tiretiminde nispi kar1 Goktolga & Karkacier (2001)
1.12, Bayramoglu ve ark. (2005) 1.99 ve Giil (2019)
1.79 olarak hesaplamiglardir. Arastirma bulgusu ve
diger calisma sonuclar1 seker pancari Giretiminin karh
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bir faaliyet dali oldugunu gostermektedir. Isletme
geniglik gruplar: ve nispi kar arasindaki farklihklar
istatistiksel olarak énemli bulunmustur (p<0.10).

Isletmelerde seker pancari verimi 6833.33 kg/da
olarak belirlenmistir. Isletme gruplarina gore seker
pancart verimi I. grupta 6868.42 kg/da, II. grupta
7409.09 kg/da ve III. grupta 6638.89 kg/da olarak
hesaplanmigtir (Cizelge 3). Turkiye Istatistik Kurumu
verilerine goére, 2021 yilinda seker pancari verim
ortalamasi Turkiye’de 6316 kg/da, Burdur ilinde ise
seker pancar1 verimi 4778 kg/da olarak bildirilmigtir
(Anonim, 2_022a). Aragtirma bulgusunun, arastirma
bélgesi TUIK verisinden yiiksek bulunmasinin sebebi
olarak, goriisiilen igletmelerin iretimde uyguladiklar
tekniklerin, kullandiklar: tohum c¢esitlerinin ve toprak
ozelliklerinin farkhi olmas: ile agiklanabilir. Isletme
geniglik gruplari ve verim arasindaki farklihiklar
istatistiksel olarak énemli bulunamamistir (p>0.05).

Seker pancar satis fiyati; GSUDnin iiretim miktarina
bélinmesiyle hesaplanmis ve isletmelerde ortalama
0.43 TL/kg olarak belirlenmigtir. Isletme geniglik
gruplarina gore; 1. grupta ve III. grupta 0.43 TL/kg, II.
grupta 0.42 TL/kg olarak tespit edilmistir (Cizelge 3).
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Seker pancar1 fiyatlar1 seker fabrikasi sahipleri,
ureticiler ve/veya temsilciler arasinda gorustilerek her
yil diizenli olarak belirlenir ve piyasaya duyurulur. Bu
nedenle, isletme geniglik gruplar1 arasinda seker
pancar: fiyatlar: birbirine yakindir. Isletme geniglik
gruplar1 ve seker pancar1 satis fiyatlar1 arasindaki
farkhiliklar istatistiksel olarak 6nemli bulunamamigtir
(p>0.05).

Kilogram basina tretim maliyeti; toplam tretim
masraflarinin  Uretim  miktarina  boélinmesiyle
hesaplanmis olup isletmelerde ortalama 0.34 TL/kg
olarak belirlenmistir. Isletme genislik gruplarina gore;
I. grupta 0.34 TL/kg, II. grupta 0.37 TL/kg ve III.
grupta 0.32 TL/kg olarak hesaplanmistir (Cizelge 3).
Isletme geniglik gruplari ve seker pancari kilogram
maliyetleri arasindaki farkhiliklar istatistiksel olarak
onemli bulunamamistir (p>0.05).

Kar marji; seker pancar1 kilogram satis fiyatindan
kilogram maliyeti ¢ikartilarak hesaplanmigtir ve
igletmeler ortalamasinda 0.09 TL/kg olarak
belirlenmistir. Isletme genislik gruplarina gore; I
grupta 0.09 TL/kg, II. grupta 0.05 TL/kg ve III. grupta
0.11 TL/kg olarak tespit edilmistir (Cizelge 3). II
gruptaki igletmelerin kar marjinin diger gruplara gore
diisik oldugu belirlenmistir. Bunun sebebi olarak, II.
gruptaki isletmelerde degisen masraflarin yiiksek ve
seker pancar1 satis fiyatimin ise disiikk olmas:
gosterilebilir. Bu gruptaki isletmelerde degisen masraf
unsurlari icerisinde 6zellikle sulama, glibre ve ilag
masraflarinin diger gruptaki isletmelere gore daha
yiksek oldugu tespit edilmigtir. Igletme geniglik
gruplari ve sgeker pancari kilogram kar marji
arasindaki farklhiliklar istatistiksel olarak oOnemli
bulunamamistir (p>0.05).

SONUC ve ONERILER

Arasgtirma bélgesinin tarimsal Gretimi i¢in 6nemli bir
urin olan seker pancari lretiminde, 2021 tretim
doneminde 66 adet isletmeden veriler elde edilmis olup
seker pancari uretiminin ekonomik analizi ortaya
konulmustur.

Aragtirmanin  temel bulgularina gére incelenen
igletmelerde seker pancar: tiretim masraflar1 2293.55
TL/da olarak hesaplanmigstir. Seker pancarinin
kilogram maliyeti 34 kurus, satig fiyati ise 43 kurus
olarak tespit edilmigtir. Kar marj, 1 kg seker pancari
icin 9 kurustur. Seker pancarindan elde edilen
gayrisafi Uretim degeri 3461.561 TL/da, briit kar
1691.59 TL/da, net kar 1167.96 TL/da ve nispi kar ise
1.51 olarak belirlenmigtir. Bolgede seker pancari
uretiminin gorisilen igletmeler agisindan karli bir
faaliyet oldugu tespit edilmistir. Ancak {retimde
kullanilan girdilerden giibre, motorin ve elektrik
fiyatlarindaki artiglarin iretim maliyetlerini artirdigi
ve gec¢mig yillara gore isletmelerin karhhklarinin
azaldigi belirlenmistir.
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Tarimsal  desteklerin  etkisiyle isletmelerdeki
GSUD’leri  artign  icin  tarimsal  destekleme

odemelerinin; net kar1 %38.65, brit kar1 %23.84 ve
nispi kar1 %10.38 oraninda artirdigi belirlenmigtir. Bu
bakimdan tarimsal destekler, seker pancari
uretiminde igletmelerin  karhliklarini  artirmasi
acisindan onemlidir. Ureticiler ve seker pancar:
tUretiminin slrdirilebilirligi agisindan desteklerinin
artirilmasi ve iiretim ile hasat arasinda gegen siirenin
uzun olmas1 sebebiyle ihtiya¢ duyulan girdilerin
zamaninda temin edilmesi i¢in desteklerin tretim
sonunda degil uretim esnasinda ciftgilere verilmesi
onerilmektedir. Boylece tireticiler girdi fiyatlarindaki
artiglardan daha az etkilenmis olacak ve etkin bir
uretim stireci gecirebileceklerdir. Ayrica toprak
islemeden basglayarak dreticilerin kaliteli tohum
kullanimi, uygun ve zamaninda gibre ve ilag
kullanimi, sulama ve mekanizasyon ile hasada kadar
gecen siiregte bilingli Giretimin yapilmasi seker pancari
uretiminde verim ve kalite artis1 saglayacaktir.

Aragtirmacilarin Katki Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cikar
catismasi olmadigini beyan ederler.
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OZET Toprak Bilimi

Bu calisma yar1 kurak karasal ekosisteme sahip olan Van ili Erdemit

ilcesinde elma bahcgelerinde dagilim gosteren topraklarin toprak kalite Aragtirma Makalesi
indekslerinin degerlendirilmesi amaciyla gerceklestirilmistir. Calisma

alanindan alinan 52 adet toprak 6rneginde toprak kalitesi, ¢ok kriterli Makale Tarihgesi

karar analizlerinden birisi olan analitik hiyerarsik siire¢c (AHS) yéntemi Gelig Tarihi  :15.02.2022
ve standart skorlama fonksiyon ile Dberaber kullanilarak Kabul Tarihi :06.09.2022
degerlendirilmigtir. Ayrica, belirlenen 29 adet toprak kalite

indikatorlerin minimum veri seti olusturulmasi amaciyla temel Anahtar Kelimeler
bilesenler analizi uygulanmis ve 10 indikatore indirilmistir. Gerek Toprak Kalitesi

toplam veri seti gerekse de minimum veri setine ait kalite indekslerinin Cok kriterli Yaklagim

alan igerisinde konumsal dagilim haritalarimin tiretilmesi amaciyla 15 Elma

enterpolasyon modeli uygulanmig olup, bu modeller icerisinde en diisik
RMSE degerleri olarak, Kriking’in simple semivariogramina ait Sperical
modeli belirlenmistir. Calisma alani igerisinde topraklarin kalite indeksi
0.334 ile 0.634 arasinda degiskenlik sergilemis, kalite ¢cok dusiik ve orta
olarak smiflandirilmigtir. Ayrica, gerek istatistiksel gerekse de
jeoistatistiksel olarak 6nemli farklilik bulunmayan her iki veri setinde de
toprak kalite indeksi birbirine yakin seviyelerde belirlenmis ve konumsal
dagilim haritalarinin birbirine benzerlik gosterdigi tespit edilmistir.

ABSTRACT

The current study was carried out to evaluate the soil quality indices of
soils distributed in apple orchards in the Erdemit district of Van Province
which has a semi-arid terrestrial ecosystem. Soil quality in 52 soil
samples taken from the study area was evaluated using the analytic
hierarchical process (AHP) method, which is one of the multi-criteria
decision analyses, together with the standard scoring function. In
addition, in order to create a minimum data set of 29 selected soil quality
indicators, principal component analysis was performed and it was
reduced to 10 indicators. 15 models were applied to produce spatial
distribution maps of the quality indices of both the total data set and the
minimum data set within the study field and the Sperical model of
Kriking's simple semivariogram was determined as the lowest RMSE
values in these models. The quality index of soils in the study area varied
between 0.334 and 0.634 which were classified as a very low and medium
class. Moreover, it was determined that there 1s no
statistatisticallyerence in both data sets and it was detected that the
maps of their spatial distribution showed almost parallel patterns with
each other as geostatistically.
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GIRIS bagh olarak farkli kullanimlarda farkli tepkiler
Son yillarda artan niifus popiilasyonuna bagl olarak vermektedir. Baz1 arazi kalitesi o6l¢limleri arazinin
diizensiz yapilasma ve endiistrilesme, tarim kapasitesinin veya Uriin yetistirme, ormancilik, mera

arazilerine olan baskiy1 gittikce arttirmaktadir.
Dinya tuzerinde meydana gelen iklim degisikligi ile
tarim arazilerinin amag disinda kullanimi, olagan dis1
ve bilingsiz giibreleme ve sulama, tarim topraklarinin
uretkenligin  kaybolmasina  sebep  olmaktadir.
Topraklarin tretkenlikleri kaybolmaya bagladig:
zaman topraklarin korunmasi i¢in, fiziksel, kimyasal
ve biyolojik nitelikleri g6z o6niinde bulundurularak
degerlendirilmesi oldukc¢a o6nemlidir. Bu durum
tarimsal uretimde optimum ve kaliteli Uriin elde
edilmesinde énemli olmasinin yani sira, ayni zamanda
stirdirulebilir toprak yonetimi, toprak kalitesi ve
stirdiirilebilir tarim sisteminin de bir gerekliliktir

(Everest ve ark., 2020). Optimum bir sekilde
degerlendirildiginde tahmin edilen verimi
saglayabilen topraklarin, surdurilebilir bi¢imde

kullanilip yo6netilmesi i¢in de toprak kaynaklarini
yeterli gekilde incelemek ve izlemekle miumkindir
(Ozyazic ve ark., 2016). Toprak kalite indeksi, toprak
tekstiirii, mutlak ve fizyolojik derinlik, hacim agirlig,
pF degeri, infiltrasyon orani, organik madde igerigi,
elektriksel iletkenlik degeri, topragin N, P ve K icerigi,
porozite orami gibi parametrelerden olusturulan
minimum  veri seti ile toprak  kalitesinin
degerlendirilmesidir.(Doran & Parkin,1996). Ana
materyal, iklim, yerylzi sekilleri, vejetasyon vb.
etmenlere bagh olarak c¢ok kiigiik alanlarda da
degiskenlikler gosteren topraklarin niteliklerinin
saptanmasi, farkli toprak parametreleri arasindaki
iligkilerin  incelenmesi, tlzerinde yetigsen bitki
ortilerinin de tretkenligi ve kalitesi agisindan énem
tagimaktadir. Tarimsal Uretim ile toprak kalitesi
arasinda oOnemli iliski bulunmakta ve bu iligkiyi
belirleyip ortaya koymak gereklidir. Toprak kalitesi
denince topragin bitkisel tretimdeki yeri ve c¢evre
saghgr acisindan topragin roli akla gelmektedir.
Toprak kalitesi, dinamiktir ve topragin sahip oldugu
ozellikler tarafindan belirlenir. Ornegin topragin
bliinyesi topragin tabii olarak sahip oldugu bir
ozelliktir ve kolayca degistirilemez. Dinamik
ozelliklerin etkiledigi toprak kalitesi ise topragin
kullanimina bagh olarak degisir. Toprak kalitesi;
toprak derinligi, su tutma kapasitesi, hacim agirlig,
yarayislh besin maddesi miktari, organik madde
miktari, mikrobiyal kiitle, karbon ve azot igerigi,
toprak yapisi, infiltrasyon hizi, tirtin verimi gibi birgok
ozellik tarafindan Dbelirlenir. Toprak kalitesini
belirlemek i¢in yapilan c¢alismalarin bir amaci da,
toprak fonksiyonlarinin, amenajman ile nasil
geligtirileceginin/degistirilebileceginin 6grenilmesidir.
Zira toprak ve gevresi sahip oldugu dogal 6zelliklere
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veya tarim digt kullanimlar gibi 6zel amaglara
uygunlugunun belirlenmesi esasina dayanir. Bu
baglamda yaygin olarak arazi degerlendirme
uygulamalar1 kullanilir. Bu yontemler genellikle
topraklarin fiziksel ve kimyasal o6zellikleri tizerine
kurulmustur. Son yillarda sadece lrin verimi, arazi
bozulmasi, erozyon ya da fiziksel ve kimyasal toprak
faktorleri tizerine odaklanmanin yaninda topraklarin
fiziksel, kimyasal ve biyolojik o6zelliklerinin bir
fonksiyonu olarak toprak kalitesinin degerlendirilmesi
uzerinde calismalar yuritilmektedir. Ayrica tarimda
insan faaliyetlerinin uzun vadede toprak o6zellikleri
etkisi tlzerinde durulmaya baglanmigtir. Tarimsal
kullanim altinda olan ve olmayan arazilerde toprak
bozulmasi ve toprak kalitesinin korunmasi lizerinde
aragtirmalar yogunlagtirilmigtir (Ozulu ve ark., 20086,
Kalkanci ve ark., 2021).

Toprak kalitesi ve verimlilik iligkileri amaciyla ¢esitli
ekolojilerde yapilan bir¢ok ¢aligmada topraklarin
fiziksel ve kimyasal ozellikleri ortaya konmustur.

Celtik tariminda (Dengiz, 2020), findik
yetistiriciliginde (Tercan ve ark., 2022), kiraz
bahcelerinde (Celik & Urhan, 2020), sarimsak

tariminda (Akca ve ark., 2017), tahillarda (Dogan &
Erdal, 2018; Eren, 2019), findik tariminda (Ozkutlu ve
ark., 2019), soya bitkisinde (Kars & Ekberli, 2020),
misir bitkisinde (Ordu, 2020) olas1 beslenme sorunlar:
saptanmaya calisilmig, saptanan toprak ozellikleri
dikkate alinarak tarimsal kullanim agisindan
degerlendirmeler yapilarak gubreleme gibi kultirel
uygulamalarinin yapilmasi1 dogrultusunda sonuclar
elde edilmistir. Dinyada meyve kaynaklar: icerisinde
ilk siralarda yer alan elma, Rosacea familyasinin,
Pomoideae alt familyasinin Malus cinsindendir. Elma,
yeryluzinde ¢ok genis bir yayilma alanina sahip ve
degisik ekolojilerde tiretimi yapilabilen bir meyve
turudir. Dinyada en biyuk elma dureticisi olan
Cin’den sonra sirasiyla ABD ve Turkiye gelmektedir.
Turkiye'nin gerek ekolojik sartlarin gekiciligi gerek
gen merkezi olmasi nedeniyle, hemen her yerinde
binlerce yildir elma yetistiriciligi yapilmaktadir.
Diinya genelinde elma g¢esitlerinin sayis1 650071
asmigtir, Turkiye’de ise bu sayr 5007in Uzerindedir
(Coskuner, 2018).

Van Go6liu Havzasi, Dogu Anadolu Bélgesi i¢inde elma
yetistiriciligine uygun alanlarindandir. Yorede ginesli
giin sayisinin fazla olmas1 (120 giin) ve ayrica gece-
ginduz sicaklik farkinin yiiksek olugu, kaliteli elma
yetigtiriciligi i¢in avantaj teskil etmektedir. Van ve
gevresi, elma yetistiriciliginin baglangigta daha g¢ok
tohumla gerseklesme nedeniyle, agirlikli olarak tohum
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orijjinli ¢6gir agaglardan olusan ve zamanla kendini
gosteren Ozellikleriyle mahalli gesit vasfi kazanmig
zengin elma gen kaynaklarina sahiptir. Oyle ki, diger
meyve tiurlerinde ¢ok az sayida yerel cesit ismi
anilirken elmada bu say1 yirminin iizerindedir (Kaya,
2008). Elma 1liman, soguk 1iman iklimin bir agacidir.
Elma agaci kis soguklarina g¢ok iyi dayanir. Kig
dinlenme periyodunda aga¢ —35°C, bir yash siirgiinleri
—20°C’ye kadar dayanabilmektedir. Elma, kis
dinlenmesine en ¢ok ihtiya¢ gésteren meyvelerden
birisidir. Yeteri kadar kis soguklamasina maruz
kalmamis olan agaglarin ilkbaharda ¢igcek agmalari
gecikir ve ¢igeklerin agilmasi diizenli olmaz. Yine bu
gibi agaclarda siirgiin ve yaprak olusumu da normal
olmamaktadir. Elma agacinin, genel olarak 40°C
tuzerinde yiiksek sicaklikta biiyimesi engellenir
(Ozgagiran ve ark., 2011). Ciinkii agir1 sicaklik meyve
kalitesinin diismesine ve meyvelerde yaniga sebep
olur. Elma agaclarindan iyi bir triin elde edebilmek
icin havanin nispi nem bakimindan da elverisli (% 60-
80) olmas1 sarttir. Nispi nemin yaz aylarinda diistigi
yerlerde meyve dokimu siddetlendigi gibi meyve
kalitesi de duser. Elmanin, organik madde icerigi
yiksek tin, tinli kum veya kumlu tin tekstiirla
topraklarda yetistiriciligi yapilmakta olup nemli
bolgelerde, az derin kumlu topraklarda iyi

giibrelendigi taktirde normal bir sekilde buyudigy,
kurak bolgelerde ise susuzluktan c¢ok zarar gordigu
belirtilmektedir. Bunula birlikte
binyeli

kurak bolgelerde

agir topraklarda susuzluga dayanimi

Sekil 1. Calisma alanmi lokasyon haritas:
Figure 1. Study area location map

Calisma alam 2665.9 dekar olup, deniz seviyesinden
yiksekligi 1649 - 1755 m arasinda yer almaktadir
(Sekil 2). Yiikseklik kuzeyden giineye dogru artis
gostermektedir. Egim genellikle orta ve dogu
kesimlerde hafif ve orta dik (%2 ile %12) dogu ve kuzey
dogu kesimlerde bu oran % 30 egimlere ¢ikarak dik
dagilim gostermektedir (Sekil 2). Bu nedenle dik egim
alanlarda erozyon etkisiyle, toprak derinlikleri s1g (20-
50cm) ve egimin azaldig1 kesimlerde orta derin (50-
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artmaktadir. (Ozcagiran ve ark., 2011). Taban
suyunun bir metreden yukari olmamasi istenir. Derin,
gecirgen ve besin maddesince zengin topraklar,

¢ogunlukla en  ekonomik  topraklar  olarak
tamimlanmaktadir. Ayrica kirecli ve pH’s1 yliksek
topraklarda  besin  elementlerinin  aliniminda

problemlerin olmasi sebebiyle elma yetistiriciliginin
iyi sonuclar vermedigi bilinmektedir. En elverigli
toprak reaksiyonu pH 6-8 arasindadir (Ozcagiran ve
ark., 2011). Elma agaclar1 durgun kalmamak sart1 ile
su tagkinlarina, daha iyi dayanir. Toprakta az oranda
tuz bulundugu taktirde yetigsebilir. Cok kire¢li
topraklarda demir alimindaki arizalar yuziinden
sariliga tutulur. Elma agaclar: Van il'inde hemen her
tipteki topraklar tizerinde yetistirilmektedir (Ozbek,
1978).

Calismada, Van ilinin gliney dogusundaki Edremit
ilcesinde yer alan elma bahcgesi topraklarinin bazi
fiziksel, kimyasal ve verimlilik ozellikleri dikkate
alinarak AHP, jeoistatistik ve CBS yardimiyla toprak
kalite durumlarinin belirlenmesi amac¢lanmagtir.

MATERYAL ve METOD

Calisma alani; Tirkiye'nin Dogu Anadolu Boélgesi yer
alan Van Go6lu havzasi igerisinde ve Tirkiyenin en
buyuk goli olan Van go6linin dogu kiyisinda
bulunmaktadir (Sekil 1). Alan 4253200-4254800K ve
346500-349500D (WGS-84, UTM-m, 38 Zone)
koordinatlar1 arasindadir.

90cm) arasinda degismektedir.

Van ilinde genel olarak karasal iklim gorilmektedir.
Van g6lunun iklimi yumusatici etkisiyle kiglar ¢ok sert
gecmemektedir. Ilin dogu ve kuzey bélgelerinde kiglar
daha sert ve yagigli, gliney ve giineybati bolgelerinde
ise 1lik geger. Gece ile gindliz arasindaki sicaklik farka
fazladir. Uzun yillarin iklim verileri incelendiginde;
ilin yillik ortalama sicakligi 9.4°C, en yuksek ortalama
sicaklik degeri 14.8°C, en disiuk sicaklik ortalama
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degeri 3.6°C’dir. Belirlenen maksimum hava sicakhig
37.5°C, en diisik hava sicakligr ise-28.7°C’dir. Ilin
yagis verilerine bakildiginda ise ortalama toplam yagis
degeri 392.8 mm civarindadir (Anonim, 2022). Béliik
(2016), calisma alamimin  Tiirkiye'deki Ering'in
makroklima bélgelerine gére 26.41 puan yagis aktivite
endeksi ile “yari nemli” olarak smiflandirildigini
bildirmektedir. Ayrica, Newhall simiilasyon modeli
(Van Wambeke, 2000) calisma alaninin Xeric toprak
nemi rejimine ve Mesic sicaklik rejimine sahip
oldugunu gostermektedir (Karaca ve ark., 2021).

08

Sekil 2. Calisma alani yiikselti ve egim haritasi
Figure 2. Study area elevation and slope map
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Toprak Orneklemesi

Calisma alaninda dagilim gbsteren elma
bahcelerinden 52 toprak 6rnegi alinmistir (Sekil 3).
Bozulmus toprak oOrnekleri 0-30 cm derinligi temsil
edecek sekilde toprakc¢i kiirekleri kullanilarak
alinmistir. Toprak o6rnekleri laboratuvara getirilerek
hava kurusu hale geldikten sonra 2 mm elekten
elenerek analize hazir hale getirilmigtir.

s Renx MAO

Sekil 3. Calisma alani igerisinde toprak 6rnekleme deseni

Figure 3. Soil sampling pattern within the study area.

Laboratuvar analizleri

Tekstiir; hidrometre yoéntemi (Bouyoucous, 1951),
hacim agirhig;; Blacke & Hartge, (1986), Hidrolik
gecirgenlik; sabit su seviyeli hidrolik gecirgen setleri
kullanarak belirlenmistir (Klute & Dirksen 1986),
kirec icerigi; Scheibler kalsimetre (Soil Survey Staff,
1993), pH ve EC, saturasyon camurunda cam
elektrotlu pH ve EC metre (Soil Survey Laboratory,
1992) aracihigiyla, organik madde ise Modifiye
Walkley-Black  yontemi ile  (Jackson, 1958)
belirlenmistir. 1 N amonyum asetat (NH4OAc) ile
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ekstrakte edilen Ca, Mg, K ve Na atomik absorpsiyon
spektroskopisi cihazi kullanilarak (Soil Survey Staff,
1992), toplam azot, mikro kjeldahl (Bremner, 1982),
yarayish fosfor, Olsen (Olsen, 1954), mikro besin
elementleri (Fe, Mn, Cu ve Zn) ise DTPA ile
ekstraksiyon yontemine gore belirlenmistir (Lindsay &
Norvell,1978). Agir metal analizleri ise Kloke (1980) e
gore belirlenmigtir.

Toprak Kalite Indeksi Modelinin Yapisi ve Asamalar
Bu calisma, elma yetistiriciligi yapilan alanlarda
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toprak kalitesindeki degisimleri degerlendirmek
amaciyla yapilmigstir. Doganin karmasik ekolojik
yapisinin Ustesinden gelmek amaciyla, cografi bilgi
sistem (CBS) teknikleri, ¢ok kriterli karar verme
analizi (CKKA)-analitik hiyerarsik siirec yaklagimlari,
standart skorlama fonksiyonu, jeoistatistik ve temel

adim, veritabani i¢cin modelleme yapisini ve veri

toplamay1 icerir. Ikinci adim, toprak kalitesi
gostergelerinin  secilmesidir. Uglinci adim, bu
gostergeleri bir araya getirmek, puanlamak ve

agirlandirmak, toplam ve minimum veri setlerini
(TVS-MVS) elde etmek ve bu verileri CBS kullanarak

bilesen analizi gibi gesitli metodolojiler TKI degisiklikleri i¢cin konumsal bir dagilm elde
bitiinlestirilmisgtir. Béylece, bir modelleme mimarisi etmek tlizere iglemektir. Son adimda ise veri
Sekil 4 gibi olusturulmusg ve kullanilan yéntemler analizinden elde edilen sonuglarin
arasindaki 1iligkileri gosterilmigtir. Toprak kalite degerlendirilmesidir.
indeksi (TKI) ¢calismasi 4 asamadan olusmaktadir. I1k
] Model yapisinm olugturulmas:
Asama It I ' + ;
On Calisma J Veri toplama, hazirlama ve degerleadirme
Asama II: Toprak kalites: gbstﬂgclrcrrunrn belirlenmesi ve segimi
Indikatér Segimi L
R
TVS ve MVS 1 CKKA yaklagimim Standart skorlara
icin PCA kullanarak gdsterge fonksiyonu
Asama I11: Analizi agirhgmm belirlenmes
Veri Analizi 1 T
v
TVS ve MVS igin TKI hesaplamas:
L
CBS- Jeoistatistik ile mekansal dagilin ve Haritalama
Asama IV: Degerlendirme ve Sneriler
Sonugiar
Sekil 4. Toprak kalite indeski igin tasarlanan modelleme mimarisi
Figure 4. The modeling architecture designed for the soil quality index
Cok Kriterli Karar Analizi, Skorlama ve Temel 01 x>=L
Bilesenler Analizi Fe)=11-09 x Lx;fi L<x<U (9
AHS yontemi ile hem nitel hem de nicel faktorlerin 1 x<U
ikili  karsilagtirmalar1 yapilmakta, agirhiklarn ve o .
oncelikleri belirlenmektedir (Saaty, 2008). Saaty Denklemlerde, L ve U sirasiyla alt ve tist esik deger, x

(1977) 6nem derecesini tamimlayan 1'den 9'a kadar
degisen degerlerden olusan bir karsilastirma
onermigtir. Toprak ozellikleri bu karsilagtirma
matrisleri araciligiyla 6nem seviyelerine gére AHS ile
agirliklandirilmigtir. Belirlenen 6zellikler, standart
skorlama fonksiyonlar: (SSF) kullanilarak birbiri ile
kiyaslanabilir 0 ile 1 arasinda birimsiz skorlara
dénistiirilmistir (Andrews ve ark., 2002). Calismada
“daha fazla daha iyidir (more is better)”, “daha az daha
iyidir (less is better)” skorlama fonksiyonlari
kullanilmistir (Masto ve ark., 2008) (Esitlik 1, 2).

x =1L
L=x=1U
x=U

{].llL
hﬁ‘ 0.1
1

fx)= {0.9 X 1)
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ise ornek degeridir.

Calisma alam1  topraklarinin kalite indeksinin
belirlenebilmesi amaciyla parametrik bir yaklagim
olan dogrusal kombinasyon teknigi kullanilamistir
(Esitlik 3).

TKi= 3, (Wi.Xi) (3

Burada TKI, Toprak kalite indeksi puam, Wi i
parametrenin agirlik degeri, Xi: 1 parametresine ait alt
kriter skorlari, n: ele alinan parametrelerin toplam
sayisidir. Topraklarin kalite indeksi; cok diisiik (<0.4),
diisiik (0.4-0.5), orta (0.5-0.65), yiiksek (0.65-0.85), cok
yiiksek (>0.85) olarak siniflandirilmaktadir (Dengiz,
2020). Toprak ozelliklerinden minimum veri seti
olusturmak 1ic¢in verilere temel bilesenler analizi
uygulanmistir. Minimum veri setinde yer alabilecek
parametrelerin belirlenmesinde, temel Dbilesenler
analizi ile belirlenen bilegen yiikleri, korelasyon yiik
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toplamlari, veriler arasi korelasyon analiz yontemleri
dikkate alinmigtir. Total veri seti ve minimum veri
setleri ile elde edilen toprak kalite indeksi degerlerinin
karsilastirilmasinda T testi kullamilmistir (Alpar,
2020). Topraklarin tanimlayic1 istatistikleri, temel
bilesenler analizi “IBM SPSS 23” paket programi
araciligiyla  belirlenmigtir. Topraklarin  tekstir
smiflarinin USDA’ ya gore tekstur tiggeninde dagilim
gorselli “R” programi araciligiyla, “soiltexture”paketi
kullanilarak olusturulmustur. Total veri seti ve
minimum veri setlerine ait toprak kalite indekslerinde
farkl enterpolasyonlar (Ters mesafe agirliklandirma-

IDW, Radyal tabanh fonksiyonlar, Kriging)
degerlendirilerek en uygun model ile dagilim
haritalarinin  olusturulmasinda  ArcGIS  10.5v

programi kullanilmistir. En uygun dagilim modelinin
secilmesin i¢cin en dusuk hata kareler ortalamas:
karakéki (RMSE) ozelligi degerlendirilmistir. RMSE

hesaplanmasinda asagida belirtilen Esitlik 4.
kullanilmistir.
/ (z. -7,
RMSE = Z:'—' (4)
n

Z: tahmin edilen deger, Z+ 6lciilen deger ve n. 6rnek

sayisini ifade etmektedir

BULGULAR ve TARTISMA

Toprak ozelliklerine baglh tanimlayici istatistikler
Cizelge 1’de belirtilmistir. Topraklarin kum (% 43.201-
68.718), silt (%7.634-34.627), kil (%18.223-35.386)
iceriklerine baglh belirlenen biinye sinmiflar1 ve tekstiir
uggeni igerisinde yer alan dagilimlarn Sekil 5’de
gosterilmistir. Calisma alani icerisindeki topraklarin
% 5.76’s1 tin, % 9.61’1 kumlu tin, % 1.92’s1 kumlu kil, %
82. 69'u ise kumlu killi tin biinye sinifindadir (Sekil 5).
Tekstiir fraksiyonlarin da c¢arpikhik degerlerinin
diisukligli normale yakin bir dagilim sergilemesinin
bir gostergedir. Topraklarin % 82.69unun ayni tekstiir
sinifinda (SCL) olmasi standart sapmalarin daha
disik, dagilimin normale yakin olmasinin bir
sonucudur. Topraklarin kum iceriklerindeki ¢arpiklik
katsayisinin (-0.54) negatif yonlii olmasi genellikle
ortalamadan (% 57.743) yiiksek degerlerin varligini
ortaya koymaktadar.

Topraklarin hidrolik iletkenligi 2.98-19.25 mm h!
olarak belirlenmistir. Varyasyon katsayis1 Wilding
(1985)’e gore ortalamaya goére orta (% 15-30) seviyede
degigskenlik  sergilemistir. Topraklarin  hidrolik
iletkenligini tekstir, striktiir, kil minerallerinin tipi,
organik madde miktar1 gibi 6zelliklerin yaninda
toprak sikismasi da etkilemektedir. Su iletkenligi
toplam poroziteden ziyade kaba gézenek miktar: ile
iligkilidir. Doygunluk kosullarinda en iletken olan
gbzenek hacmini genellikle genis ve devamlh
gozenekler olustururken doygun olmadiginda tam
tersi bir durum séz konusudur (Sar1, 2014). Bahsedilen
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ozelliklerden kaynakl hidrolik iletkenlik (HI) 6zelligi
degiskenlige neden olmustur.

2 ® ° 9
[%] Kum 50-2000 um
Sekil 5. Toprak binyelerinin Tekstiir ti¢ggeninde
dagilimlari( CI: Kil, Si: Silt, Lo: tin, Sa:
kum)

Figure 6. Distribution of soil textures in the Texture
triangle (CI: clay, Si:Silt, Lo:Loam, Sa: Sand)

Tarla kapasitesi (% 20.8-33.1) ve solma noktas1 (%
11.1- 21.3) igeriklerinde yarayish su icerigi ise % 8.5-
12.4 arasinda bulunmustur. Nem sabiteleri (TK, SN ve
YS) ozelliklerinin dagilim durumlar: incelendiginde
carpiklik katsayisimin disiik olmasi normale yakin
dagilim oldugunu gostermektedir. Tarla kapasitesi
(TK), en yiiksek pozitif basiklik (1.26) degerine sahip
normale gore daha dik bir dagilim sergilemistir.

Topraklarin pH icerikleri Richard (1954) e gére orta
derece —kuvvetli alkalin arasinda ve varyasyon
katsayis1 Wilding (1985)’e gére ortalamaya gére diigiik
(< 15) olarak belirlenmistir. Hacim agirhigi (HA) ve pH
iceriklerinin dagilim arahklarinin dar olmasi
ortalamaya gore degiskenlerin disiik ve normale en
yakin dagilim géstermesinin bir sonucudur. Tuzluluk
problemi olmayan topraklarda (0.122-0.34 dS m™)
varyasyon katsayis1 % 27.34 olarak bulunmustur.
CaCOs icerikleri Ulgen & Yurtsever, (1988) e gore
kirecli (%5.64) - cok fazla kirecli (% 32.29) ve normal
dagilama yakin carpikhik ve basikhik katsayisi
gostermigtir. Veri setinin dagilimda ortalamaya gore
degisim (VK) % 28.06 belirlenmistir. Varyasyon
katsayis1 Wilding (1985)’e gore yiiksek (>35) belirlenen
toprak organik madde igerikleri ortalama % 1.39
olarak bulunmustur. Kil tipine gére olduk¢a fazla
degiskenlik gosteren KDK seviyesi 18.75-50.00 me
100gr! araliginda belirlenmigtir. Richards, 1954;
Lindsay & Norvell, 1969; Follet, 1969; Maas, 1986;
FAO, 1990; TOVEP, 1991; Giines ve ark., 1996’ e gore
topraklarin yarayigli P igerikleri “cok az- az”, Ca
“yeterli-fazla”, Mg “az-¢ok fazla”, K “az-cok fazla”,
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ekstrakte edilebilir Fe “fazla”, Zn “cok az-¢cok fazla”, Cu
“yeterli, Mn “az-fazla” smiflarinda degiskenlik
sergilemigtir. Toprak kirliligi kontrolii y6netmeligi
(2005)" e gore topraklarin toplam Cd, Pb, Ni ve Cu
icerikleri sinir degerler icerisinde belirlenmis olup Ni
ve Cr toprakta bulunmasi gereken sinir degerlerin
tizerinde bulunmustur. Kabata-Pendias & Pendias,
(2001) topraktaki agir metal kirliliginin tarimsal
kaynakli ve glbreleme aracihigiyla Cr ve Ni
eklentilerinin oldugunu belirtmistir. Topraklarin
makro, mikro elemen ve agir metal igeriklerinde
varyasyon katsayisinin temel toprak 6zelliklerine gore
daha yuksek belirlenmesi carpiklik katsayisinin
artmasina ve Ozelliklerin normalden daha uzak bir
dagilim sergilemesine yol ac¢mistir. Elde edilen
varyasyondaki  yiksek degiskenlik uygulanan
gliibreleme programindaki farklihklardan kaynakl
olarak degerlendirilebilmektedir. Toprak
ozelliklerinin AHS ile degerlendirilmesi sonucu toprak
ozelliklerinin agirhiklar1 Cizelge 2’de belirtilmigtir.

Cizelge 1. Toprak 6zelliklerinin tanimlayici istatistikleri
Table 1. Descriptive statistics of soil properties

Topraklarin kil, tarla kapasitesi (TK), yarayish su
(YS), organik madde (OM), katyon degisim kapasitesi
(KDK), yarayish fosfor (P), toplam azot (TN),
degigebilir katyonlardan Ca, Mg, K ve mikro besin
elementlerinden Fe, Zn, Cu ve Mn icerikleri
skorlanirken en fazla en iyidir fonksiyonu
kullanilirken diger ozellikler en az en iyidir
fonksiyonlar: ile standardize edilmistir.

Toprak 6zellikleri fiziksel, kimyasal, verimlilik makro,
verimlilik mikro ve kirlilik olarak gruplara ayrilarak
matrisler olusturulmustur. En yiiksek deger fiziksel
kalite indikatorleri (0.3697) igin belirlenirken, en
diisiik deger toprak kirlilik parametreleri (0.0625) i¢in
elde edilmigtir. Her bir kalite indikatorleri tekrardan
kendi i¢inde agirliklandirilmig ve fiziksel, kimyasal,
verimlilik makro, verimlilik mikro ve Kkirlilik
indikatorleri igerisinde en yuksek agirhlk alan
ozellikler sirasiyla Kil, OM, TN, Fe, Ni olarak
bulunmustur.

Ozellikler Ort. St.S VK Min. Max. Carpiklik Basiklik
Kum % 57.743 5.198 9 43.201 68.718 -0.54 0.22
Kil % 23.82 3.218 13.51 18.223 35.386 0.63 1.9
Silt % 18.437 5.796 31.44 7.634 34.627 0.31 0.11
HA g cm3 1.5442 0.032 2.07 1.48 1.61 0.03 -0.56
HI mm h*! 11.262 3.712 32.96 2.98 19.25 0.18 -0.62
TK % 25.279 2.301 9.1 20.8 33.1 0.53 1.26
SN % 15.112 2.015 13.33 11.1 21.3 0.22 0.45
YS % 10.167 0.935 9.2 8.5 12.4 0.5 -0.2
pH 8.5796 0.1438 1.68 8.29 8.88 0.13 -0.49
EC dSm! 0.224 0.06141 27.34 0.122 0.34 0.14 -0.9
CaCO3% 22.251 6.243 28.06 5.64 32.29 -0.39 -0.37
OM % 1.3902 0.6097 43.86 0.31 2.74 0.32 -0.56
KDK cmol kg'! 33.97 8.07 23.77 18.75 50.00 0.12 -0.76
P mg kg! 3.641 0.947 26.01 2.19 5.91 0.44 -0.65
TN % 0.1444 0.1024 70.92 0.03 0.42 1.43 1.14
Ca mg kg'! 5402 1258 23.29 3467 8827 0.93 0.49
Mg mg kg1 698.4 422.9 60.54 106.3 2076.3 1.39 2.54
K mg kg'! 366 334.3 91.33 90.8 1652.3 2.54 7.01
Na mg kgl 47.14 14.37 30.48 21.22 69.97 -0.07 -1.2
Fe mg kg'! 1860 1558 83.76 211 7339 2.08 4.75
Zn mg kg1 1.77 4.251 240.14 0.155 22.238 4.52 20.39
Cu mg kg! 1.848 1.507 81.55 0.293 6.785 1.82 3.61
Mn mg kg'! 33.44 22.87 68.38 7.85 100.1 1.08 0.66
Cdr mg kg1 0.3582 0.1518 42.37 0.045 0.68 0.21 -0.3
Pbr mg kg1 11.982 3.165 26.42 6.377 20.375 0.58 0.35
Nit mg kgl 98 58.53 59.72 17.5 238.7 1.2 0.53
Crr mg kg'! 73.62 41.04 55.74 21.84 181.31 1.31 0.81
Cor mg kg1 14.873 4.54 30.52 5.5635 23.688 0.37 -0.36
Cur mg kg'! 19.65 8.35 42.48 4.91 36.2 0.4 -0.78

Topraklarin genetik 6zelliklerinin degistirilemez
olmasi ve diger kalite 6zellikleri en uygun diizeyde olsa
da ideal fiziksel kogullarin olmamasi toprak kalitesini
negatif yonde etkilemektedir. Bu yiizden, toprak
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fiziksel kalite indikatorleri toprak kalitesi i¢in oldukca
onemli olarak degerlendirilmis ve en yiiksek agirligi
almigtir. Yine fiziksel kogullarda kil igeriginin ytuksek
agirlikta olmas: diger ¢aligmalar ile uyumlu olup kil
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icerigi dogrudan ve dolayli yoldan bir¢cok ozelligi
etkilemektedir (Dengiz & Sarioglu 2013; Senol ve ark.,
2020). Kimyasal indikatérler icerisinden organik
materyalin  katki  oram1  ylUksek  seviyelerde
belirlenmigtir. Organik materyal uygulamalariyla
hem fiziksel kogullar pozitif yonde etkilenirken ayrica,
parcalanma ve ayrigsma sonrasi besin elementi agiga
cikmasiyla bitki i¢in besin elementi kaynagi olarak

degerlendirilmektedir (Alaboz ve ark., 2017; Alaboz &
Oz, 2020). Makro besin elementlerin katk: oranlar:
mikro besin elementlere gore daha yiiksek seviyelerde
olmas1 Dbitkilerin gerekliliklerinin fazla olmasi
kaynaklidir. En diisiik agirlik kirlilik indikatérlerinde
degerlendirilmigtir. Topragin agir metal igerigi
genellikle besin elementi igeriklerine goére disik
seviyelerde bulunmaktadir.

Cizelge 2. Toprak 6zelliklerinin AHS ile agirliklandirilmas:

Table 2. The weighting of soil properties with AHP

Fiziksel Kimyasal Verimlilik Makro Verimlilik Mikro Kirlilik
0.3697* 0.2604 0.1975 0.1099 0.0625 Birlegtirilmis Agirhik
Toplam AixCi***

Kum 0.134** 0.0495
Kil 0.1583 0.0585
Silt 0.0417 0.0154
HA 0.0785 0.0290
HI 0.0708 0.0262
TK 0.1574 0.0582
SN 0.093 0.0344
YS 0.2663 0.0985
pH 0.1622 0.0422
EC 0.0587 0.0153
OM 0.4218 0.1098
CaCOs 0.1037 0.0270
KDK 0.2537 0.0661
P 0.2636 0.0521
TN 0.3292 0.0650
K 0.1747 0.0345
Ca 0.1097 0.0217
Mg 0.0879 0.0174
Na 0.0349 0.0069
Fe 0.4393 0.0483
Cu 0.1036 0.0114
Zn 0.1464 0.0161
Mn 0.3107 0.0341
Ni 0.3504 0.0219
Pbr 0.2478 0.0155
Crr 0.064 0.0040
Cor 0.1267 0.0079
Cur 0.0462 0.0029
Cdr 0.1649 0.0103

1.000 1.000 1.000 1.000 1.000 1.0000

*Indikator gruplarimin agirhklar (Ai), **Her bir indikatér grubu icindeki ézelliklerin kendi icerisindeki agirhklari(Ci), ***
Kombine agirlik, her bir toprak gostergesinin agirliginin ait oldugu kalite gosterge grubunun genel agirligi ile oranlanmasiyla

belirlenir.

Ayrica yuksek konsantrasyonlarda topraga ilavelerin
yonetmelikler tarafindan engellenmesi ve genetik bir
faktor olmamasi sebebiyle agir metallerin agirhiklar:
disiik  olarak  degerlendirilmistir. =~ AHS ile
agirhklandirilan 29 toprak kalite indikatéri ve
standart skorlama fonksiyonlar: ile standardize edilen
veriler dogrusal kombinasyonu ile degerlendirilmis ve
toprak kalite indeksi belirlenmigtir. Calisma alani
icerisinde topraklarin kalite indeksi 0.334-0.634
arasinda degigkenlik sergilemis, kalite ¢ok diisiik ve
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orta olarak smiflandirilmigtir. Toprak kalite
indekslerindeki digiikligiinde en biyik etken
topraklarin  kum igeriginin yiliksekligi olarak

degerlendirilmektedir. Toprak kalitesi caligmalarinda
bir¢ok toprak kalite indikatéri ile degerlendirmeler
yapilmakta olup, veri setlerini azaltmak daha az
ozelligin dahil oldugu veri seti ile bagarili bir sekilde
toprak kalitesini belirlemek amaglh minimum veri
setleri olusturulmaktadir (Senol ve ark., 2020; Alaboz
ve ark., 2021). Bu calismada 29 toprak kalite
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indikatériine temel bilegenler analizi uygulanmig ve
bunun sonucu elde edilen 6zdegeri ve varyansi
aciklayan temel bilegsen sayilari Cizelge 3’ te
belirtilmistir. Temel bilegenler analizinin (PCA)
sonucu, Ozdegeri > 1 olan ve varyansin %86.818
oraninda aciklandig1 seviyedeki 10 temel bilegsen
dikkate alinmigtir (Cizelge 3). Yapilan PCA analizine
gore, toplam veri setinde ele alinan 29 indikatérden 10
adeti ile minimum veri seti olugturulmustur. Ik temel
bilesende varyansin % 19.884'4 acgiklanmaktadir.

Cizelge 3. Temel Bilegenler varyans dagilimi
Table 3. Principal Components variance distribution

Digerleri ise sirasiyla % 16.624, 10.959, 8.528, 7.216,
5.757, 5.286, 4.704, 4.278 ve 3.582 oraninda varyans
aciklamigtir. Temel bilesenlerde o6zellikler segilirken
en yiksek agirlhiktaki 6zellik secilmekte ve o yikin %
10 seviyesinde daha disik agirhiga sahip olan
ozellikler degerlendirmeye alinmakta diger 6zellikler
ise veri setinden elenmektedir. Ayrica veri seti
icerisinde dzelliklerin iliskisinde yiiksek korelasyon (>
0.7) gosterenler arasinda secimler yapilmistir (Saglam
ve ark., 2015; Alaboz, 2020).

Ozdegerler
Temel Bilegen Toplam Varyans % Birikimli Varyans %
PCA-1 5.766 19.884 19.884
PCA-2 4.821 16.624 36.508
PCA-3 3.178 10.959 47.467
PCA-4 2.473 8.528 55.995
PCA-5 2.093 7.216 63.212
PCA-6 1.670 5.757 68.969
PCA-7 1.533 5.286 74.255
PCA-8 1.364 4.704 78.959
PCA-9 1.240 4.278 83.236
PCA-10 1.039 3.582 86.818

Temel bilegenler ve her bir temel bilegsendeki
ozelliklerin agirliklar Cizelge 4’de belirtilmigtir. PCA-
1I’de en yiksek agirliga sahip 6zellikler topraklarin
agir metal igerikleri olup bu 6zellikler Ni, Cr, Co ve Cu
olarak belirlenmig bu temel bilesen agir metallerle
ilgili degisimi aciklayan temel bilesen olarak
degerlendirilmistir. Topraklarin Cr icerikleriile Ni (r:
0.983; p<0.01), Co (r:0.893; p<0.01) ve Cu (r:0.801;
p<0.01) arasinda yiksek korelasyon (> 0.7)
belirlenmigtir (Cizelge 5). Bu o&zellikler arasinda
toplam korelasyon yiki en yiiksek Cr (8.052)
belirlenmis diger &zellikler veri setinden elenerek
PCA-1’ de Cr ozelligi veri setine dahil edilmigtir.
Toprak ozellikleri arasindaki korelasyonun yiliksek
olmas1 belirlenecek 6zellige katki oranlarinin benzer
oldugunu géstermektedir. PCA-2’de en yiksek agirhiga
sahip ozellikler fiziksel 6zellikler olup bunlar kil, HI,
TK ve SN olarak bulunmustur. TK o6zelligi diger
ozellikler ile yuksek korelasyon goéstermis ve toplam
korelasyon yiiki en yliksek TK olarak bulunmustur.
TK minimum veri setine dahil edilmis diger 6zellikler
veri setinden elenmigtir. Diger temel bilegenlerde ayn
yaklagimla segilen 6zellikler YS, KDK, Cu, OM, EC, P,
Na ve Zn olarak tespit edilmis diger o6zellikler veri
setinden elenmigtir.

Minimum veri seti ile elde edilen toprak 6zellikleri TK,
YS, KDK, OM, P, Zn, Cu, EC, Na, Cr olarak elde
edilmis ve AHS ile karsilagtirma matrisleri sonucu
agirhklandirmalarn sirasiyla 0.175, 0.239, 0.149,
0.141, 0.080, 0.076, 0.041, 0.031, 0.024 olarak
saptanmistir (CR<0.1). Minimum veri seti ile elde
edilen toprak kalite indeksi 0.2709-0.6576 arasinda,
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kalite ¢ok diisiik- yuksek siniflarinda belirlenmigtir.

Toplam veri seti ve minimum veri setlerinin
benzerliklerinin karsilagtirilmasi i¢in T testi sonucu
Cizelge 6’da gosterilmistir. Her iki veri setinin T
testine tabi tutulmasi sonucu p degeri 0.575 olarak
belirlenmistir. Istatistiksel olarak énemli farkhlik
bulunmayan her iki veri setinde de toprak kalite
indeksi birbirine yakin seviyelerde belirlenmigtir.
Boylece bu bolgede toprak kalitesinin belirlenmesinde
minimum veri seti igerisinde olan o6zelliklerin
belirlenmesi  i1le  kalite, dogru bir sekilde
degerlendirilebilmektedir.

Toplam 29 indikatér ile elde edilen toprak kalite
indeksi sonucu topraklarin % 15.381 “cok dusuk”, %
57.69u “dusik”, % 26.92’si orta kalite sinifta
belirlenmigstir. Minimum veri seti ile elde edilen TKI
sonucu, topraklarin % 251 “cok diisuk”, % 38.46's1
“dusuk”, % 34.61’1 “orta”, % 1.92’si “yiiksek” olarak
siniflandirilmigtir. Toplam ve minimum veri setlerine
ait toprak kalite indekslerinin dagilimi i¢in en uygun
semivariogram modellerin RMSE degerleri Cizelge
7de verilmigtir. Gerek toplam veri seti gerekse de
minimum veri seti ile olusturulan toprak kalite
indekslerinin alan igerisinde dagiliminin
belirlenmesine yonelik en uygun dagilim modeli her iki

veri seti i¢cin Simple Krigingin  Spherical
semivariogram modeli olarak belirlenmistir. Bilgili ve
ark.,, (2011) toprak ozelliklerinin mekansal
degisiminin hiperspektral VNIR yansima

spektroskopisi ve kriging ile birlikte kullanimini
arastirdign ¢alismada; ordinary kriging yontemiyle



KSU Tarim ve Doga Derg 26 (2), 393-408, 2023
KSU J. Agric Nat 26 (2), 393-408, 2023

Arastirma Makalesi
Research Article

toprak ornek sayisinin artisina bagh olarak CaCOs
iceriginin mekansal dagiliminda basarili sonuglar elde
ettigini bildirmigtir. Calisma sonucunda; VNIRRS ve

Cizelge 4. Temel bilegenler ve 6zelliklerin agirliklar:
Table 4. Weights of basic components and features

jeoistatistiksel  yontemlerin  kombinasyonlarinin,
toprak oOzelliklerinin haritalanmasinda basarili bir
sekilde kullanilabilecegi bildirilmigtir.

Temel Bilesenler (PCA) Toplam
Korelasyon
PCA-1 PCA-2 PCA-3 PCA-4 PCA-5 PCA-6 PCA-7 PCA-8 PCA-9 PCA-10 Yiikleri
Kum -.064 -201 -.964 .062  -.041 .082 -.013 -.024 .020 -.031 6.260
Kil .011 965  -.066 .094 -.038 .081 .023 .004 -.111 -.088 7.766
Silt .0561  -.356 901 -.108 .068 -.118 -.001 .019 .044 .076 7.212
HA -.340 -280 -.220 -.003 .134  -.800 -.007 113 -.113 -.079 7.331
Hi .081 -934 -117 -.063 -.017 143 -.041 -.015 .081 .033 6.286
TK 127 .906 .267 .067  -.071 271 .039 -.026 -.048 -.002 8.575
SN .073 941 -.128 .099 -.083 .235 .036 -.034 -.058 -.040 8.436
YS .154 201 933 -.047 .005 .160 .018 .007 .007 .082 6.415
pH -.484  -.262 .229 .188 .009 -.218 -.607 144 152 -.076 7.325
EC -.183  -.094 .007 .239 .046  -.173 701 -.252 331 .040 5.375
CaCOs -.317  -.023 151 718 -.023 266  -.166  -.0562  -.043 -.085 6.062
OM .333 201 -.262 .044  -.150 .821 -.028 -.146 .065 .063 7.544
KDK -.042 176 -.177 904 -.185 -.063 .055  -.076 .025 -.081 7.337
P -.087 -.038 -.020 .015 113 -.119 .034 792 -.027 201 4.625
TN -1569  -.071  -.051 .113 .016 .380  -.340 -.525  -.242 -.088 4.381
Ca .040 227 -.223 746 -.292  -168 -.004 -.099 201 147 6.455
Mg -.144  -.008 .012 .608 119 .163 .058 159  -.280 -.488 4.668
K -.073 .036 -.073 541 -.084  -.037 305 -.641 -.141 174 5.989
Na -225  -175 -.120 .070 -.074 117 -.003 .030 761 -.171 5.003
Fe .040  -.042 .040 -.150 936 -.068 -.0569 -.005 .077 -.010 4.735
Zn -090 -.174 182  -.067 .105 134 -.079 259 -.040 .835 5.148
Cu -.052  -.066 035 -.124 931  -.116  -.064 145 -.021 .080 5.526
Mn -.550  -.397 .189 112 -.033 .133 .235 297  -.166 .255 6.970
Cdr -.107 .079 .099 -.066 -.177 .006 .528 .255 .069 -.163 4.086
Pbr .011  -.087 127 -.071 123 .001 .182 .074 .668 .148 4.701
Nir 934  -.017 .068 -.123 -.024 .084  -.003 .029 -.201 -.041 7.916
Crr .934 .023 070  -.117 .010 .102 .046 .036  -.190 -.077 8.052
Cor .908  -.087 .151  -.008 .000 153  -.093 .070  -.039 .017 7.361
Cur .912 .094 .068 -.030 -.008 131 -.025 -.086 179 .093 7.812
Cizelge 6. Veri setlerinin karsilastirilmasi
Table 6. Comparison of data sets
Variable N  Mean St.Dev Coef.Var Min. Mak. Skewness Kurtosis T test P degeri
TKi-tvs 52 0.46278 0.05915 12.78 0.33454 0.63468 0.22 0.50 0.56 0.575
TKI-mvs 52 0.4598 0.0831 18.07 0.2709 0.6576 -0.02 -0.20 ) )
Toplam 29 indikatér ile elde edilen toprak kalite  veri —seti igin ~ Simple Krigingin  Spherical
indeksi sonucu topraklarin % 15.38 “cok diisiik”, % semivariogram modeli olarak belirlenmistir. Bilgili ve
57.69'u “diisik”, % 26.92’si orta kalite sinifta ark.,, (2011) toprak ozelliklerinin  mekansal
belirlenmistir. Minimum veri seti ile elde edilen TKI degisiminin hiperspektral VNIR yansima

sonucu, topraklarin % 251 “cok disuk”, % 38.46°s1
“dustk”, % 34.61’1 “orta”, % 1.92’s1 “yiksek” olarak
siniflandirilmigtir. Toplam ve minimum veri setlerine
ait toprak kalite indekslerinin dagilimi i¢in en uygun
semivariogram modellerin RMSE degerleri Cizelge
7Tde verilmigtir. Gerek toplam veri seti gerekse de
minimum veri seti ile olusturulan toprak kalite
indekslerinin alan igerisinde dagiliminin
belirlenmesine yonelik en uygun dagilim modeli her iki
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spektroskopisi ve kriging ile birlikte kullanimini
arastirdign ¢alismada; ordinary kriging yontemiyle
toprak 6rnek sayisinin artigina bagh olarak CaCOs
iceriginin mekansal dagiliminda basarili sonuglar elde
ettigini bildirmistir. Calisma sonucunda; VNIRRS ve
jeoistatistiksel  yontemlerin  kombinasyonlarinin,
toprak oOzelliklerinin haritalanmasinda bagarili bir
sekilde kullanilabilecegi bildirilmistir.
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Table 5. Correlation matrix of soil properties
Cizelge 4. Toprak ozelliklerinin korelasyon matrisi
Kum Kil Silt HA Hi TK SN YS pH EC CaCO3 OM KDK P TN Ca Mg K Na Fe Zn Cu Mn Cd Pb Ni Cr Co Cu
Kum 1.000 -.113 .834 227 291 -.417  -.035 -.951 -.106 .035 -.024 259 186 -.013 .140 194 .051 .108 .182 -.086 -.160 -.088 -.057 -.097 -078 ~-.117 ~-130 -.157 -.122
Kil -.113 1.000 -.454 -.286 -.914 .899 1968 127 -.286  -.085 067 .259 257 -.081 .006 232 .156 093 -199 -124 -235 -.137 -.331 065 -.178 .021 .059  -.040 .095
Silt -.834 -.454 1.000 -.045 .246 -.125  -.506 .783 254 015 -.015 -.376 -.310 .057 129 -.303  -.132  -.148 -.053 .146 274 .155 235 .051 .169 .093 .084 .163 .057
HA 227 -.286 .045 1.000 .078 =577  -.437 -.480  .382 .166 -.095 -.859 -.004 197 .160  -.028 .050 -.035 -.002 133 -.043 246 235 .011 -.011 -345 -371 -.365 -.465
Hi 291 -.914 246 .078 1.000 -.842 -.859 -.221 143 .002 -.064 .041 -.183 .034 .030 -.187 -.074 -.064 .189 .046 146 .045 217 -.126 .083 .039 .014 .092 .016
TK -.417 .899 125 -.577 -.842 1.000 915 490 -.308 -.111 .093 .388 162 -.111 .020 .162 .068 .078 -197 -.125 -105 -.167 -.306 101 -.097 155 194 120 244
SN -.035 968 -.506 -.437 -.859 915 1.000 096 -.354 -.091 .083  .441 .266 .120 .066 .266 108 128 -.145 -.164 -.208 -.202 .361 079  -.149 084 121 .022 167
YS -.951 127 783 -.480 -.221 490  .096 1.000 .005 -.078 .049 .005 -.175 .016 -.092 -175 -.064 -.084 -.173 .046 191 .024 .025 .078 .083 202 217 247 .240
pH -.106 -.286 254 .382 143 -.308 -.354 .005 1.000 -.153 387 -.444 .042 191 .193 .022 .093 -.163 .205 .053 .081 .099 303 -.277 069 -.460 -512 -312 -429
EC .035 -.085 .015 .166 .002 =111 -.091 -.078 -.153 1.000 133 -.183 .204 .040 .159 192 .009  .456 293 -.018 -131 -.077 224 .338 330 -.252  -.223 -.242 -137
CaCO3 -.024 .067 -.015 -.095 -.064 .093 .083 .049  .387 133 1.000 .077 519 .027 .380 .361 450  .384 087 -.164 -.046 -.141 197 -.070 -.085 -313 -307 -.173 -.268
OM .259 269 -.376 -.859 .041 388 441 .005 -.444 183 077  1.00 105 .206 .268 120 -.001 116 032 -.186 -.051 -.288 290 -.102  -.059 317 333 313 425
KDK .186 2567 -.310 -.004 .183 .162 .266 175 .042 204 519 105 1.000 133 .082 .891 569 538 105 -.293  -.226  -.296 .018 .033 -.141 -193 -180 -.146 -.080
P -.013 -.081 .057 197 .034 =111 -.120 -.016  .191 -.040 027 -.206 -.133 1.000 362 -.070 -.089 -.364 -.085 .084 232 .263 226 184 .057 -.083 -.081 -.084 ~-.138
TN .140 .006 129 .160 .030 .020 .066 -.092 193 159 .380 .268 .082 362 1.000 .039 .058 251 -117 -.032 -131 -.078 .003 188  -.213 -.058 -.086 -.002 -.039
Ca .194 232 -.303 -.028 -.187 .162 .266 -.175 .022 192 361 .120 .891 .070 .039 1.000 144 448 169 -.304 -.134 -.333 123 063 -.071 -.143 -.144 -110 .028
Mg .051 .156 132 .050 -.074 .068 .108 -.064  .093 .009 450 -.001 569  -.089 .058 .144 1.000 .192 -.059 -.071 -.243 -.028 179 -.030 -171 -150 -.117 -.093 -.220
K .108 .093 .148 -.035 -.064 .078 128 -.084 -.163 456 384 .116 .538 .364 251 448 192 1.000 -.084 -.228 -.142 -.223 .017 -.028 -127 -136 -.138 -.172 -.046
Na .182 -.199  -.053 -.002 .189 -197  -.145 -.173 .205 .293 .087 .032 .105 .085 -.117 169  -.059 -.084 1.000 -.034 -.083 -.054 .139 .037 351 -.292  -280 -.204 -.153
Fe -.086 -.124 .146 133 .046 -125  -.164 .046 .053 -.018 -.164 -.186 -.293 .084 -.032 -304 -071 -.228 -.034 1.000 .089 .878 -.083 -.138 111 .010 .032 .026 .031
Zn -.160 -.235 274 -.043 .146 -.105  -.208 191 .081 -.131 -.046 -.051 -.226 232 -.131 -.134 -.243 -.142 -.083 .089 1.000 207 460  -.127 182 -.066 -.088 .052 -.018
Cu -.088 =137 .155 246 .045 -.167  -.202 .024 .099 -.077 -.141 -.288 -.296 263  -.078 -333 -.028 -223 -.054 878 207 1.000 .047 -.141 .085 -.048 -.024 -.057 -.097
Mn -.057 -.331 .235 235 217 -.306 -.361 .025 .303 224 197 -.290 -.018 .226 .003 -.123 179 -.017 139 -.083 .460 .047 1.000 194 022 -397 -439 -305 -.536
Cd -.097 .065 .051 .011 -.126 .101 .079 .078 -.277 .338 -.070 -.102 .033 184 -.188 .063 -.030 -.028 037 -.138 -127 -.141 194  1.000 191 -.084 -.046 -.125 -.082
Pb -.078 -.178 .169 -.011 .083 =097  -.149 .083 .069 .330 -.085 -.059 -.141 .057 -213 -071 -171 -127 351 111 182 .085 .022 191 1.000 -.153 -.156 .063 215
Ni =117 .021 .093 -.345 .039 .155 .084 202 -.460 -.252 -.313  .317 -193 -.083 -.058 -143 -150 -.136 -.292 .010 -.066 -.048 -.397 -.084 -153 1.000 .983 1920 .804
Cr -.130 .059 .084 -.371 .014 194 121 217 -512  -.223 -.307  .333 -.180 .081 -.086 -.144 -117 -138 -.280 032 -.088 -.024 -439 -.046 -.156 983 1.000 .893 .801
Co =157 -.040 .163 -.365 .092 120 .022 247  -312  -.242 =173 313 -.146 .084 -.002 -110 -.093 -172 -.204 .026 052 -.057 -305 -.125 .063 920  .893 1.00 .862
CuT -.122 .095 .057 -.465 .016 244 167 240 -.429 -.137 -.268 425 -.080 138  -.039 .028 -220 -.046 -.153 .031 -.018 -.097 -536 -.082 215 .804 .801 .862  1.000
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Cizelge 7. Toplam ve minimum veri setlerine ait toprak kalite indekslerinin dagilimi i¢in en uygun semivariogram

modellerin RMSE degerleri

Table 7. RMSE values of the most suitable semivariogram models for the distribution of soil quality indices of the

total and minimum data sets

Modeller Semivariogramlar RMSE
TKI-tvs TKI-mvs
Ters Mesafe 1 0.0596 0.0849
Agirliklandirma 92 0.0583 0.0844
(IDW) 3 0.0584 0.0854
Radyal Tabanli Fonksiyon Ince plaka spline (Thin Plate Spline) 0.0564 0.0877
(RBF) Diizenli spline (Completely Regularized 0.0567 0.0835
Spline)
Gergin spline (Spline with Tension) 0.0556 0.0835
Ordinary Kriging
Gauss (Gaussian) 0.0602 0.0865
Ustel (Exponential) 0.0605 0.0868
Kiiresel (Spherical) 0.0600 0.0859
Basit Kriging (Simple Kriging)
Kriging Gauss (Gaussian) 0.0565 0.0800
Ustel (Exponential) 0.0568 0.0811
Kiiresel (Spherical) 0.0554 0.0793
Evrensel Kriging (Universal Kriging)
Gauss (Gaussian) 0.0602 0.0865
Ustel (Exponential) 0.0605 0.0868
Kiiresel (Spherical) 0.0600 0.0859
SONUC ve ONERILER faktorlerden olan kum ve kil igeriginin agirhklar

Calisma, yar1 kurak karasal ekosisteme sahip olan
Van Go6li’'niin dogusunda yer alan Van ili Erdemit
ilgesinde elma bahgeleri topraklarinin toprak kalite
indekslerinin degerlendirilmesi amaciyla
gerceklestirilmistir. Calisma alanindan alinan 52
adet, 0-30 cm derinligi temsil eden toprak 6rneginde,
¢ok kriterli karar analizlerden biri olan AHS
yonteminin  standart skorlama fonksiyon ile
kullanilarak toprak kalitesi degerlendirilmigtir.

Ayrica, incelenen 29 adet toprak kalite indikatori
icerisinden temel bilegenler analizi ile minimum veri
seti olusturulmus etkisi yiksek 10 indikator
secilmigtir. Boylece benzer bir calismanin yorede
yapilmasina yoénelik olarak zaman, masraf ve ig giici
gibi 6nemli faktorlerin azaltilmasina 6nemli bir katk:
sunulmustur. Gerek toplam veri seti gerekse de
minimum veri setine ait kalite indekslerinin alan
icerisinde konumsal dagilim haritalarinin tretilmesi
amaciyla 15 enterpolasyon modeli uygulanmis olup, bu
modeller igerisinde en diusiik RMSE degerleri olarak,
Kriking’in Simple Semivariogramina ait Sperical
modeli belirlenmigtir. Calisma alani1 igerisinde
topraklarin kalite indeksi 0.334-0.634 arasinda
degigkenlik sergilemis, kalite ¢ok dusiik ve orta olarak
smiflandirilmigtir. Calismada; toprak kalite
indekslerinin degerlendirilmesinde genetik

404

benzer olarak belirlense de kum igeriginin “arttikca
azalan” skorlama fonksiyonunda kullanilmasi kum
icerigi yiiksek alanlarda toprak kalitesinin dustk
c¢ikmasina katki saglamistir. Kum igeriginin yiiksek
olmasi nedeniyle diisiik su tutma kapasiteleri, KDK ve
yiksek hacim agirlinin oldugu degerlendirilmektedir.
Kum igerigindeki bu artis diger 6zellikleride kombine
bir gsekilde etkilemis ve dusiik skorlanma sonucu TKI
daha dugstiik belirlenmigtir. Ayrica, gerek istatistiksel
gerekse de jeoistatistiksel olarak oOnemli farklilik
bulunmayan her iki veri setinde de toprak kalite
indeksi birbirine yakin seviyelerde belirlenmis ve
konumsal dagilim haritalarn birbirine yakinhk
sergilemigtir.

Toprak kalite indeksinin disiik olmasi tretimi de
olumsuz etkilemektedir. Elma urin verimi ve
kalitesinin arttirilmasi toprak kalitesi ile dogrudan
iligkilidir. Toprak kalite indeksinin belirlenmesinde
agirhignr  yiksek olan  fiziksel indikatérlerin
iyilestirilmesi i¢in organik materyel uygulamalari ile
kum igerigi yiksek olan elma bahgelerinde hem
agregasyonun artigi saglanirken, hem de su ve besin

elementi tutulumu-yarayiglihigi artacaktir. Ayrica
organik materyal uygulamalar1 ile biyolojik ve
kimyasal kalite indikatorleride pozitif yonde

etkilenerek toprak kalitesi ve uriin veriminde
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artiglarin olmasi1 beklenmektedir. Bélgede azaltilmig
toprak igsleme gibi kilturel islemlerin dikkate alinmasi
fiziksel kosullardan kaynaklanacak negatif etkiyi

ortadan kaldiracaktir. Bunun yaninda zamaninda
346900 347600

yapilacak toprak analizleri ve bilingli giibreleme ile
sulamanin elma bahgelerindeki tiriin verimi ve toprak
kalitesi lizerinde etkili olacagi énerilmektedir.

348300 349000
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Sekil 6. Toplam ve minimum veri setlerine ait toprak kalite indekslerinin dagilimi haritalar
Figure 6. Distribution maps of soil quality indices of total and minimum data sets

Aragtirmacilarin Katki Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmas1 Beyani

Makale yazarlar1 aralarinda herhangi bir gkar
catismasi olmadigini beyan ederler.
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Biberiye Esansiyel Yag1 ve Nanoemiilsiyonunun Balik Kaynakh Patojenik ve Bozulma Etmeni
Bakteriler Tarafindan Uretilen Biyojenik Aminler Uzerine Etkilerinin Incelenmesi
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OZET

Biberiye esansiyel yagi ve bunun nanoemiilsiyonunun balikta bozulma
etmeni bakteriler (Pseudomonas Iuteola, Photobacterium damselae,
Vibrio vulnificus, Enterococcus faecalis, Serratia liquefaciens ve Proteus
mirabilis) ve gida kaynakl patojenik bakterilerin (Sa/monella Paratyphi
A, Staphyllococcus aureus, Klebsiella pneumoniae ve Enterococcus
faecalis) gelisimi ve biyojenik amin liretimleri tizerine etkileri histidin
dekarboksilaz ~ sivisinda (HDB) HPLC yoéntemi kullanilarak
incelenmigtir. Ekstrakte edilmis biberiye esansiyel yaginin ucucu
bilesenleri GC-MS kullanilarak Dbelirlenmistir ve elde edilen
nanomulsiyonlarin fiziksel o6zellikleri (viskozite, termodinamik
kararlilik, damlacik boyutu ve yiizey gerilimi) analiz edilmistir. Gruplar
arasinda amonyak (AMN) ve biyojenik amin (BA) iiretiminde istatistiksel
farklihiklar gozlenmistir (p<0.05). En yiiksek histamin (HIS) iretimi,
bozucu E. feacalis (188.55 mg/L) susunda ve en diigiik S. Paratyphi A
(0.23 mg/L) susunda goézlenmistir. Putresin (PUT), kadaverin (CAD),
spermidin (SPD) ve 2-feniletilamin (PHEN) gibi hemen hemen tiim diger
BA'ler patojenler ve bozulma gruplari tarafindan turetilmistir. P.
damselae, HDB'deki en yiiksek tiramin (TYR) iireten (22.77-145.58 mg/L)
sus olmustur. P Juteola tarafindan HIS uretimi, biberiye
nanoemiilsiyonu varliginda onemli 6lciide baskilanmistir (p<0.05).
Muamele gruplarinin (Tween 80, biberiye esansiyel yag ve
nanoemiilsiyonu) etkisi bakteri susuna ve spesifik amine bagh olarak
degisse de, tim muamele gruplar: genel olarak bakteriler tarafindan
AMN ve BA uretimini azaltmistir. Sonu¢ olarak, mevcut calisma test
edilen tium bakterilerin birden fazla amino asidi dekarboksile etme
yetenegine sahip oldugunu, biberiye esansiyel yaginin nanoemilsiyona
donustirulmus formunun biyojen amin uretimlerini baskiladigini ve
bunun islenmis veya paketlenmis balik veya gida tirtinlerinde alternatif
bir antimikrobiyal ajan olarak kullanilabilecegini gostermigtir.
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Inhibitory Effect of Rosemary Essential Oil and Its Nanoemulsion on The Formation of Biogenic Amines
by Food-Borne Pathogens and Fish Spoilage Bacteria in Histidine Decarboxylase Broth

ABSTRACT

The effect of nanoemulsions based on essential oil of rosemary and its
purified version on the growth of fish spoilage bacteria (Pseudomonas
luteola, Photobacterium damselae, Vibrio wvulnificus, FEnterococcus
faecalis, Serratia liquefaciens, and Proteus mirabilis) and food-borne
pathogens (Salmonella Paratyphi A, Staphyllococcus aureus, Klebsiella
pneumoniae, and Enterococcus faecalis) and their biogenic amine
formation were investigated in histidine decarboxylase broth (HDB)
using HPLC method. The flavour compounds of extracted rosemary oil
were determined using GC-MS. Physical properties of nanoemulsions
(viscosity, thermodynamic stability, droplet size, and surface tension)
were analysed. Differences in ammonia (AMN) and biogenic amine (BA)
production among groups were statistically significant (p<0.05). The
highest HIS production was obtained by spoilage E. feacalis (188.55
mg/L) and the lowest by S. Paratyphi A (0.23 mg/L). Almost all other BAs
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such as PUT, CAD, SPD, and PHEN were formed by pathogens and
spoilage groups. P. damselae (22.77-145.58 mg/L) was the main high
tyramine producer in HDB. Histamine production by P. luteola was

considerably suppressed in the presence

of

rosemary-based

nanoemulsion (p<0.05). Although the effect of treatment groups (Tween
80, rosemary essential oil, and it’s nanoemulsion) varied depending on
the bacterial strain and specific amine, all groups generally decreased
AMN and BA accumulation by bacteria. Consequently, the results of this
current study show that all bacteria tested are capable of decarboxylating
more than one amino acid and conversion of rosemary oil into a
nanoemulsion supressed biogenic amine production activity and its nano-
form can be used as an alternative antimicrobial agent in processed or

packaged fish or food products.

At:f Sekli: Ucar, Y., (2023) Biberiye esansiyel yag1 ve nanoemiilsiyonunun gida kaynakl patojenik ve bozulma etmeni
bakteriler tarafindan tretilen biyojenik aminler Uzerine etkilerinin histidin dekarboksilaz sivisinda
incelenmesi. KSU Tarim ve Doga Derg 26 (2), 409-423. https://doi.org/10.18016/ksutarimdoga.vi.1032177.

To Cite : Ucar, Y., (2023). Inhibitory effect of rosemary essential oil and its nanoemulsion on the formation of biogenic
amines by food-borne pathogens and fish spoilage bacteria in histidine decarboxylase broth. KSU J. Agric Nat
26(2), 409-423. https://doi.org/10.18016/ksutarimdoga.vi.1032177.

GIRIS viicudun tolere edebilecegi limitlerin lizerinde olmasi
Taze su iriinlerinin kalitesi, gida endiistrisi ve akut toksisite gibi 6liime kadar varabilecek ciddi
tiketiciler icin biiyiikk bir o©neme sahiptir. Su problemlere de neden olmaktadar.

urinlerinin  bozulmasi, basta kalite kaybina Ginimiuzde hizla gelisen gida teknolojisine paralel

sonrasinda da bozulmaya neden olan bakteriyel
aktivitenin bir sonucu olarak ortaya c¢ikmaktadir.
Balik ve balik triinlerinde bozulma ile dogrudan
iligkili olmayan patojen mikroorganizmalar da vardir.
Ozellikle wuygun olmayan {retim ve igleme
uygulamalar1 bu ftrinlerde patojenik bakterilerin
gelisimini desteklemektedir. Bu nedenle baliklar
Salmonella, Staphylococcus aureus, Listeria, Vibrio,
Bacillus cereus ve Escherichia coli barindirabilmekte
ve bu bakterilerden kaynaklanan gida zehirlenmeleri
ile 1ilgili  vakalara yol acabilmektedir. Bu
mikroorganizmalar, balik ve balik trtinlerinde yerel
saghik problemlerine yol acan toksik maddeleri
tiretmede yetenekli olmaktadir (Kuley ve ark., 2012).

S6z konusu bu mikroorganizmalarin urettikleri
istenmeyen bilesiklerinden olan biyojenik aminler,
insan ve hayvanlarda hastaliga yol agan toksik
maddelerdir. Bu aminler balik, balik trtnleri, et
urunleri, yumurta, peynir, fermente sebzeler,
meyveler, soya uriinleri, bira, sarap, findik ve ¢ikolata
gibi genis gida iiriinlerinde mevcut olmaktadir (Brink
ve ark., 1990; Silla-Santos, 1996). Aminler, amino
asitlerin dekarboksilasyonu ile canli organizmalarin
(bakteriler) faaliyeti sonucu iiretildigi zaman biyojenik
olarak adlandirihirlar (Shalaby, 1996). Biyojenik
aminler disiik molekil agirlikl organik bazlardir ve
mikrobiyal, bitki ve hayvan metabolizmasi tarafindan
sentezlenmektedirler (Brink ve ark., 1990). Biyolojik
olarak aktif aminler sinir ve metabolizma gibi biyolojik
sistemlerde 6nemli fonksiyonlara sahip olmalarindan
dolay1 o6nemlidir. Biyojen aminler ayni zamanda
kanseri tetikleyici etkisinin oldugu bilinmektedir. Bu
aminler ayni zamanda gida kalitesini belirlemede bir
gosterge saglamaktadir (Anderson, 2008). Ancak
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sekilde tiiketici bilin¢lenmesi ve buna bagh olarak
geligsen, treticilerin Urin kalitesini 1iyilestirme
cabalari da artmakta ve yeni ¢ozum arayislarina

gidilmektedir. Tiketicilerin yasamlar1 icin temel
gereksinimleri olan gidalarin, giincel teknolojik
gerekler dogrultusunda uretilmesi, saghklh

beslenmenin saglanmasi yolunda énemli bir hizmettir.
Bu hizmeti sunan tretici agisindan ise uygulanan
yontemlerin hem en 1yl sonu¢ vermesi hem de
ekonomik acidan uygun olmasi da kacinilmaz bir
gercektir. Gelisen gida endistrisi ile birlikte gidalarin
raf Omirlerini uzatmak i¢in c¢esitli gida katk:
maddeleri kullanilmaktadir. Ancak son yillarda
insanlarda saghk riskleri olusturmasindan dolay:
kimyasal koruyucularin yerine dogal alternatif katk:
maddelerin kullanimina karsi talepler artmaktadir
(Ugar, 2020; Agatemor, 2009).

Besinlerin koku ve tat gibi 6zelliklerini artirmak ig¢in
katki olarak kullanilan dogal aromatik bitkiler giderek
onem kazanmigstir. Dogal aromatik bitkilerin
antioksidan kapasitelerinin, sentetik
antioksidanlardan daha fazla oldugu kanitlanmigtir.
Kendilerine 6zgl lezzet ve aromalari, antimikrobiyel
ve antioksidan o6zellikleriyle, daha genis bioaktivite
profiline sahip olan bitkiler, gida sektériinde alternatif
olarak kullanilabilecek dogal antioksidan
maddelerdir. Gidalarda lipid oksidasyonunun bu tir
dogal maddelerle o6nlenmesi tretici ve tiiketici
acisindan oldukc¢a o6nemlidir. Son yillarda biberiye
(Rosmarinus officinalis), kekik (Thymus vulgaris),
adacay1 (Salvia officinalis), defne (Laurus nobilis) ve
feslegen (Ocimum  basilicum) gidalarda dogal
koruyucu olarak kullanilmaktadir. Aromatik bitkiler
arasinda biberiye (Rosmarinus officinalis) gidalarda
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dogal koruyucu olarak oldukca fazla kullanilmaktadir
(Dimitrijevic ve ark., 2007). Akgiil (1993), Tiirkiye'de
yetisen ve  yetigtirilen aromatik  bitkilerden
biberiyenin (Rosmarinus officinalis) en giiclii
antioksidan ve antimikrobiyal etkiye sahip bitkiler
arasinda oldugunu belirtmiglerdir. Baz1
arastirmacilar tarafindan biberiye ucucu yag
bilegsenlerinin de antioksidan ve antimikrobiyal etkisi
oldugu ve o6nemli diizeyde insan saglig1 agisindan
antioksidan o6zelliklere sahip fitokimyasallar: igerdigi
saptanmistir (Moghtader ve ark., 2013). Ancak bu
yagin tek basina kullanimi bazi mikroorganizmalara
etkisini stmirlamakta, dolayisiyla daha etkili olmalari
i¢in nanoteknolojik uygulamalara ihtiyag
duyulmaktadar.

Geligsen teknoloji ile birlikte genelde gida sektori
ozelde ise su urunleri dahil olmak tzere pek ¢ok alan
etkilenmekte ve nanoteknoloji gida sanayisinde ve
gida teknolojileri  biliminde; gida urlnlerinin
oksidasyondan korunmasinda, patojenlerin
belirlenmesinde, gida guivenligi ve kalite analizlerinde,
enkapsiile edilmis besin maddelerinin, vitamin ve
lezzet maddelerinin kontrolli salimi ve dagitilmasi
amaclariyla kullamilmaktadir. Ayrica gelisen son
teknolojilerle birlikte gida ambalajlarinin gaz ve nem
bariyerleri ile gelistirilmesinde ve  mekanik
dayanmiminin artirilmasinda, antibakteriyel ve kendi
kendini temizleyebilme 6zelligine sahip ambalajlarin
uretiminde, akilli ve aktif paketleme sistemlerinde,
nakliye sirasinda urin durumunun izlenmesinde
nanoteknoloji etkin bir gekilde rol oynamaktadir.

Nanoteknoloji ile birlikte gida endistrisinde
kullanilan yontemler arasinda emitilsiyon hazirlama
teknigi oldukca yaygin kullanilmaktadir.

Emilsiyonlar, basit bir tanimlama ile birbiri ile
karismayan en az iki sivinin birbirleri igerisinde
damlaciklar halinde dagildig1 heterojen sistemler olup
hidrofilik ve lipofilik iki fazdan olusurlar. Bunlar
emiilsiyonun i¢ ve dig faz1 olarak adlandirilmaktadar.
Nanoemilsiyonlarda damlaciklar boyut olarak 20-100
nm arasinda bir dagilim  gostermektedirler.
Nanoemiulsiyonlar, FDA tarafindan GRAS olarak
bilinen insan tiketimi ve yaygin gida maddeleri i¢in
onaylanmig surfaktanlar kullanilarak
hazirlanmaktadir (Mao ve ark., 2009). Nano yapilar
ultrasonik ¢alkalama, yiiksek basin¢lh homojenizasyon
ve mikro-akigskan kanallar kullanilarak elde edilirler
(Mason ve ark., 2006; Nakajima, 2005). Bunlar
icerdikleri nano-damlaciklar vasitasiyla, fonksiyonel
ve  biyoaktif  drtnlerin  enkapsiilasyonu  ve
taginmasinin saglanmasi1 amaciyla gelistirilen en
o6nemli iletim sistemlerinden birisidir.

Mevcut bilgiler dogrultusunda literatiir arastirmasi
sonucu gida endiistrisinde nanoteknolojiye dayali
teknikler kullanilarak nanopargaciklarin
ozelliklerinden faydalanmak mumkin olup, bu
calisma ile antimikrobiyal ozellik igeren biberiye
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esansiyel yaglarina dayali nanoemilsiyonun in vitro
olarak antimikrobiyal etkileri gida kaynakli patojenler
(Salmonella Paratyphi A, Enterococcus faecalis,
Staphylococcus aureus ve Klebsiella pneumoniae) ve
balikta bozulma etmeni bakteriler (Photobacterium
damselea, FEnterococcus faecalis, Vibrio vulnificus,
Proteus  mirabilis,  Serratia  liquefaciens ve
Pseudomonas luteola) tarafindan iiretilen ve toksik
olan biyojenik aminler lzerinde arastirilmistir. Bu
calisma ile ayrica biberiye esansiyel yaginin etken
madde analizleri yapilmis ve biberiye esansiyel yagi
kullanarak elde edilen nanoemilsiyonlarin fiziksel
ozelikleri (damlacik boyutu, yiizeysel gerilim,
yogunlugu, temodinamik stabilitesi) belirlenmistir.

MATERYAL ve METOD
Bakteriyel sus izolasyonu ve identifikasyonu

Balik bozulma bakterilerinin (P. damselae, E. faecalis,
V. vulnificus, P. mirabilis, S. liquefaciens, P. luteola)
izolasyonu ve tanimlanmas1 Yazgan ve ark., (2019)
tarafindan bildirilen yonteme gore
gerceklestirilmistir. Bakteriler, Akdeniz'de yakalanan
tic bozulmus balik tiiri olan uskumru (Scomber
scombrus), hamsi (Engraulis enrasicolus) ve sardalya
(Sardinella aurita) ve Adana yakinlarindaki yerel bir
ciftlikten elde edilen gokkusagi alabalig1
(Oncorhynchus  mykiss)ndan  elde  edilmistir.
Klebsiella pneumoniaée (ATCC700603),
Staphyllacoccus aureus (ATCC29213) ve Enterococcus
faecalis (ATCC29212) Amerikan Tip Kiiltiir
Koleksiyonundan (Rockville, USA), Salmonella
Paratyphi A (NCTC13) ise Tip Kiiltiirleri Ulusal
Koleksiyonundan (Londra, Birlesik Krallik) temin
edilmigtir.

Ucucu Yag Eldesi ve Bilegimi

Biberiye (Rosmarinus officinalis) ucucu yaglar
BIOMESI (Adana, Tiirkiye) firmasindan elde
edilmigtir. Esansiyel yag, yuvarlak tabanli bir sise,
ucucu yag tayini i¢in kullanilan bir tiip ve bir geri akig
kondansatorinden olusan Clavenger tipi bir cihaz
kullanilarak hidrodistilasyon yontemi 1ile elde
edilmigtir. Esansiyel yag, analiz i¢in kullanilana kadar
4°C'de depolanmigtar.

Esansiyel yag kompozisyonunun tanimlanmasi,
Yazgan ve ark., (2019) tarafindan detaylh olarak tarif
edildigi gibi Gaz Kromatografisi-Kutle Spektrometresi
(GC-MS, Perkin Elmer Clarus 500, Waltham, ABD)
araciligiyla  gergeklestirilmigtir. Hekzan iginde
seyreltilmis 1 uL ugucu yag GC aparatina enjekte
edilmigtir. Ayirma, bir Perkin Elmer SGE polar
olmayan kaynasmis silika kapiler kolon (60 mx 0.25
mm) tzerinde gerceklestirilmstir. Firin sicakhigr 10
dakika 60°C'ye ayarlanmig, ardindan 250°C'ye
yikseltilerek 10 dakika bu sicaklhikta tutulmustur.
Enjektor sicakligr 220°C olarak ayarlanmis ve tagiyici
gaz olarakta 1.5 mlL/dk akis hizindaki helyum
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kullamlmistir. Iyon kaynag icin  elektronik
iyonizasyon enerjisi 200°C sicaklikla 70eV olarak
ayarlanmigtir. Taranan kitle araligi, 250°C arayuz
hatti sicakligr ile 35-425 m/z olmustur. Etken
maddeler, NIST-MS ve WILEY-MS kitapliklar:
kullanilarak tanimlanmistir.

Nanoemiilsiyon Hazirlanmasi

Biberiye esansiyel yagi (su icinde yag) bazh
nanoemiilsiyon, ultrasonik emilsifikasyon temelli
yiksek enerjili bir iglemle Ozogul ve ark. (2017)
tarafindan  bildirilen = yonteme  gore  kiigik
modifikasyonlar yapilarak hazirlanmigtir. Suda yag
nanoemiilsiyonu, toplam nanoemiilsiyonun %11'ini
olusturan bir yag fazi ve toplam nanoemiilsiyonun
%89'unu olusturan su fazi kullanilarak hazirlanmistir.
Nanoemilsiyon, biberiye esansiyel yaginin Tween 80
(Sigma Aldrich, Taufkirchen, Almanya) ve su ile
10:1:89 w/w oraninda karigtirilmasiyla hazirlanmigtar.
Daha sonra emdulsiyonlar ultrasonik homojenizator
(Optic Ivymen System CY-500, Barselona, Ispanya)
kullanilarak 72 amplitiidde (titresim genligi) 15
dakika homojenize edilmigtir. Ultrasonik
homojenlestiricinin giicii 500 W ve yayilan ultrasonun
frekans1 20 KHz olmustur. Enerji girigi, 14 ing
titanyum alasimli prob (5.6 mm cap (@) ve 60 mm
yiikseklik) iceren bir piezoelektrik doniistiiriicii iceren
bir sonotrot kullanilarak gerceklestirilmistir. Bu islem
sirasinda, emilsiyonun Urettigi 1s1, beher etrafinda
buz kullanilarak kontrol edilmistir. Ultrasonikasyon
yontemiyle biberiye esansiyel yagi
nanoemiilsiyonunun tretimi igin sematik diyagram
Sekil 1'de gosterilmektedir.

Nanoemiilsiyonlarin Fiziksel Ozellikleri

Biberiye esansiyel yag1 nanoemiilsiyonlariin (Sekil 2)
fiziksel ozelliklerinin tim d&lgiimleri 25 °C'de Orta

Dogu Teknik Universitesi Merkez
laboratuvarlarindan hizmet alimi yapilarak analiz
edilmigtir. Nanoemiilsiyonun ortalama damlacik

boyutu ve polidispersite indeksi, Malvern Panalytical
Mastersizer 2000 (Malvern, Ingiltere) kullamlarak
analiz edilmistir. Termodinamik stabilite, Shafiq ve
ark., (2007) tarafindan onerilen yontem kullanilarak
14 giin boyunca analiz edilmistir. Nanoemiilsiyonun
viskozitesi, ARES reometre (TA Instruments, New
Castle, ABD) ile 6l¢iilmiistiir. Nanoemiilsiyonun yiizey
gerilimi Attension Theta gonyometer (Biolin Scientific,
Espoo, Finlandiya) ile 6lciilmiistiir.

Histidin Dekarboksilasyon Sivisinin Hazirlanmasi ve
Bakterilerin Agilanmasi

Bu calismada kullanilan tiim gida kaynakl patojenik

suglar 1ile bozucu Dbakterilerin biyojenik amin
iiretimleri, histidin dekarboksilaz sivis1 (HDB)
kullanilarak incelenmigtir. Histidin dekarboksilaz

sivisi, 1 g pepton, 0.5 g Lab-Lemco tozu (Oxoid
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CMO0017, Hampshire, ingiltere), 2.5 g NaCl (Merck
1.06404.1000, Darmstadt, Almanya), 4.01 g L-histidin
(Sigma, Steinheim, Almanya) ve 500 mL distile su
icerisinde 2.5 mg piridoksal HCI (Sigma P9130,
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Sekil 1. Ultrasonikasyon yontemiyle biberiye esansiyel
yag1 nanoemiilsiyonunun tretimi i¢in sematik
diyagram

\UNrasonices yon

Figurel.Schematic diagram an overview for
manufacturing of rosemary essential oil
nanoemulsion by ultrasonication method

-
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Sekil 2. Biberiye esansiyel yag kullanilarak

olusturulan nanoemiilsiyon
Figure 2. Rosemary essentiaol oil based nanoemulsion
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Steinheim, Almanya) pH (5.5 - 6.8), IM KOH (Riedel-
deHaen 06005, Seelze, Almanya) veya % 6 TCA
(Riedel-deHaen 27242, Seelze, Almanya) ile optimum
biyume pH'larina gore ayarlanmistir. Bu asamadan
sonra HDB, 10 mllik gigelere konularak
kullanilmadan o6nce 15 dakika i¢inde 121°C'de
otoklavlanmigtir. Daha sonra stok kiltiirlerden 0.5
mL alinarak, biyojenik amin Uretmesi icin HDB'ye
inokiile edilmigtir. Bu sekilde kullanilan her bir
bakteri turunun ozellikle, histamin (HIS), kadaverin
(CAD), tiramin (TYR), triptamin (TRPT), 2-
feniletilamin (PHEN), agmatin (AGM), putresin
(PUT), spermin (SPN), spermidin (SPD), dopamin

(DOP) ve serotonin (SER) uretim kapasitesi
belirlenmigtir. Kontrol grubunda HDB icerisine
herhangi bir emiilsiyon katkisi olmamistir.

Histidin  Dekarboksilasyon = Sivisinda  Toplam

Bakteriyel Gelisimin Belirlenmesi

Histidin dekarboksilaz sivisi toplamda 4 gruptan
olusmaktadir. Bunlar, kontrol grubu (herhangi bir
katki olmayan), Tween 80 (%1) grubu, BEO (%1
biberiye esansiyel yag1) grubu ve BNE (% 1 biberiye
esansiyel yagi kullanilarak hazirlanmisg
nanoemiilsiyon) grubudur. Histidin dekarboksilaz
sivisinda gelisen her bir bakteriyel kulturden 0.1 ml
alinarak wuygun seyreltikler hazirlanmis, (10-10a
kadar), sonrasinda Plate Count Agar uzerine asjlama
yapilmistir. Petri kutular1 37 °C’de 72 saat inkube
edilmistir.

Biyojenik Amin Analizleri

Biberiye esansiyel yagi ve bu yag kullanilarak
hazirlanan nanoemdtlsiyonlarin bozucu ve patojen
bakterilerin amino asit dekarboksilasyon aktivitesi
uzerine etkisini degerlendirmek amaciyla biyojen
amin analizi (Ozogul, 2004) gerceklestirilmistir.
Biyojen aminlerin tirevlendirilme islemi igin
Redmond & Tseng (1979) metodu kullanilmigtir.
Biyojen amin tureten bakterilerin gelisimi Niven

besiyeri (Niven ve ark., 1981) kullamlarak
belirlenmigtir.
Kiltiir Ortaminin Hazirlanmasi ve Bakteriyel
Ekstraksiyon

Calismada kullanilan tim gida kaynakli patojenler
tarafindan iiretilen amonyak (AMN), trimetil amin
(TMA) ve biyojen aminler Kuley & Ozogul (2011)
tarafindan  kullanilan metoda gére HDB'de
incelenmigtir. Bakterilerin iiremesi i¢in besi ortami
olarak nutrient broth kullanilmistir ve tireme sicakligi
37°C olarak belirlenmigtir. 2-3 gin siire bu
sicakliklarda inkiibe edildikten sonra her bir
bakteriyel sug kiiltiiriinden 0.5 ml alinarak HDB'ye
eklenmisgtir ve 24 saat dekarboksilasyon reaksiyonuna
birakilmistir. Ardindan %1 (1m1/100ml)
konsantrasyonlarda Tween 80, biberiye esansiyel yagi
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ve biberiye esansiyel yagi kullamilarak olusturulan
nanoemiilsiyonu HDB igerisine eklenmigtir. Gida
kaynakli patojenlerin ekstraksiyonu ig¢in patojen
iceren 5 ml HDB ayr1 bir tipe alinarak tizerine 2 ml %
6k triklorasetik asit (TCA) eklenmistir. Ardindan
3000xg'de 4°C’de 10 dakika santrifiij edilmig ve filtre
kagitlarindan  (Milipore) siizme islemine tabi
tutulmustur. Daha sonra her bir patojen suslarindan
alinan 4 ml bakteriyel stipernatant HPLC'de biyojen
analizi yapmak i¢in tlrevlendirme iglemine tabi
tutulmustur.

Biyojenik amin Analizi igin Kullanilan Kimyasallar

Tim Dbiyojen amin standartlar1 Sigma-Aldrich
(Munich, Germany) firmasindan temin edilmistir.
Amin analiz i¢in kullanilan mobil faz asetonitril ve
HPLC saflikta su kullanilarak gerceklestirilmigtir.

Standart Amin Soliisyonlarinin Hazirlanmasi

Calismada  kullanilan biitin  biyojenik  amin
standartlar1 Sigma—Aldrich’den (Munich, Germany)
saglanmistir. Triptamin hidroklorid (122.8 mg),
putresin dihidroklorid (182.9 mg), 2-feniletilamin
hidroklorid (130.1 mg), kadaverin dihidroklorid (171.4
mg), spermidin trihidroklorid (175.3 mg), spermin
tetrahidroklorid (172.0 mg), histamin dihidroklorid
(165.7 mg), tiramin hidroklorid (126.7 mg), 5-
hidroksitriptamin  (serotonin) (133.9 mg), 3-
hidroksitiramin hidroklorid (dopamin) (123.8 mg),
agmatin stlfat (175.4 mg), ammonia chloride (296.9
mg) ve trimetilamin hidroklorid (161.7 mg) 10 mL
ultra saf suda ¢ozdirilmustir. Her bir amin igin
serbest bazin son konsantrasyonu 10 mg/mL!
olmustur.

AMN, TMA ve Biyojenik Amin Analizi
Tirevlendirme Iglemi

icin

Bakterilerin tirevlendirilme prosediirii Ozogul ve ark.
(2002) yontemine gore yapilmistir. Ekstrakte edilen
bakteri solisyonunda 4 ml alinarak tizerine 1 mL 2 M
sodyum hidroksit ve 40 ul benzoil chloride eklendikten
sonra 30 saniye vortekste karigtirilmistir. Reaksiyon
karisimi 20 dk, oda sicakliginda (24°C) birakilmistir.
Benzolasyon islemi 2 mL doymus sodyum hidroksit eki
ile durdurularak, soliisyon iki kez 2mL dietil eter ile
ektrakte edilmistir. Karistirma igleminden sonra st
organik faz temiz tilp igerisine alinarak azotta
ucurulmustur. Tip icerinde bulunan kalintilar 1 mL
asetonitrilde cozdurulerek, HPLC tuplerine
aktarilmigtir ve 10 pL. 6rnek HPLC cihazina enjekte
edilmigtir.

Kromatografik Kogullar

Biyojen amin analizleri Ozogul (2004) metodu
kullanilarak her bir litre siv1 besi ortaminda mg amin
cinsinden (mg/L) 6l¢iilmiistiir. Biyojen amin analizinde
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gradient eliisyon programi ve ters faz kolunu ile
birlikte hizli bir HPLC metodu kullanmilmigtir. Aym
analitik kogullar AMN ve TMA analizlerinde de
kullanilmigtar.

Ekipman ve Kolon

Biyojenik amin analizi i¢cin bir SPD-M20A diode array
dedektor, iki kanalli gradient pompa (Shimadzu LC-
10AT), autosampler (SIL 20AC), kolon firm (CTO-
20AC), FCV-11AL dalga birimli communication bus
module (CBM-20A) sahip Shimadzu Prominence
HPLC cihaz (Shimadzu. Kyoto. Japan) kullanilmistir
(Sekil 3). Biyojen amin analizi i¢in ters-fazli ODS
Hypersil, 5ul, 250X4.6 mm kolon (Phenomenex.
Macclesfield. Cheshire. UK) kullanilmistir.

Sekil 3._Biyojen amin énalizi igin kullanilan HPLC
cithazi
Figure 3. HPLC device used for biogenic amine analysis

Istatistik Analizler

Istatistik analizler SPSS 18.0 (SPSS Inc., Chicago, IL.
USA) kullamilarak yapilmigtir. p<0.05 olarak
tanimlanan 6nemli farklhiliklar1 belirlemek igin

ANOVA kullanilmigtir. Her muamele gruplari i¢in g
tekrarlh olarak istatistik kargilagtirma yapilmistir.

BULGULAR ve TARTISMA

Biberiye Ucucu Yaginin Kimyasal Bilegimi

Biberiye esansiyel yagi ugucu bilegenlerinin GC-MS
analizi, 11 bilesik olarak tanimlamistir (Cizelge 1). 1.8-
Cineole, diger yazarlar tarafindan bildirilene benzer
bir dizey olan toplam tanimlanmis bilesiklerin %
53.08'ini olusturan mevcut ana bilesiktir (Ozogul ve
ark., 2017). Biberiye esansiyel yaginda 1, 8-cineole (%
27.6) 6nemli oranda igerdigi bildirilmistir (Nowak ve
ark., 2012). 1.8-cineole (okaliptol), dogada bol
miktarda bulunan bir monoterpen siklik eterdir.
Okaliptiis globulus yapraklarindan (%80'e kadar) izole
edilen bir ugucu yagin ana bilesenidir, ancak biberiye
(Rosmarinus officinalis), adacay1 (Salvia officinalis) ve
nane (Mentha spp.) gibi diger tiirlerde de bulunabilir.
1.8-cineole (okaliptol)'iin farmakolojik etkileri iyi
belgelenmistir; glcli  antimikrobiyal, mukolitik,
bronkolitik ve antiinflamatuar 6zelliklerinden dolay:
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solunum yolu hastaliklarinin tedavisinde kullanilir
(Aprotosoaie  ve ark., 2019). 1.8-cineole'nin
antijenotoksik potansiyeli de birkag¢ ajan tarafindan
indiklenen DNA hasarina karsi cogunlukla hicre
bazli deneylerde arastirlmistir. Ornegin, Mitié-
Culafi¢ ve ark., (2009) hepatoma HepG2 ve lenfoma
NC-NC hiicre hatlar: 6n igleme tabi tutuldugunda ve
tert-biitilhidroperoksit ile birlikte muamele
edildiginde 1.8-Cineole'nin DNA hasar1 ytizdesini
azaltabildigini bildirmiglerdir. % 1'den daha yiksek
miktarlarda bulunan diger bilesikler arasinda a-
pinene (% 11.57), camphor (% 8.96), caryophyllene (%
4.54), b-myrecene (% 3.96), borneol (% 3.46) ve
camphene (% 3.01) bulunmaktadir. Bu maddelerin de
olduk¢a gticli antimikrobiyal, antioksidan ve
antiinflamatuvar etkilerinin oldugu bilinmektedir.
Bununla beraber literatiirde farkl biberiye esansiyel

yagr igeriklerinin oldugu da Dbelirtilmektedir.
Bitkilerin ugucu yag bilegsiminin genetik, cevresel
faktorler, gelisim asamasi ve  ekstraksiyon

yontemlerine bagli olarak degistigi bildirilmigtir

(Ozogul ve ark., 2017).

Cizelge 1. Biberiye (Rosmarinus offinalis L.) ucucu
yaginin kimyasal bilesimi

Table 1. Chemical composition of rosemary
(Rosmarinus offinalis L.) essential oil

Bilesik adi (%)
Compound name
a-Pinene 11.57
1.8-Cineole 53.08
Camphor 8.96
B- Pinene 1.25
b-Myrecene 3.96
Caryophyllene 4.54
Camphene 3.01
a-Terpineol 1.96
Borneol 3.46
Terpinene-4-01 1.05
Bornyl Acetate 1.78

Biberiye Ugucu Yagi Nanoemiilsiyonunun Fiziksel
Ozellikleri

Biberiye esansiyel yagi bazli nanoemiilsiyonun fiziksel
ozellikleri Cizelge 2'de verilmistir. Tween 80 (%1 w/w)
ile hazirlanan nanoemdilsiyonlarin damlacik boyutu
(Z-ortalamalar1) ortalama 447.6 nm bulunmustur.
Bununla birlikte, 6nceki arastirma ¢alismas1 (Ozogul
ve ark, 2017), biberiye esansiyel yag bazh
nanoemilsiyon i¢in 63.02 nm araliginda bir damlacik
boyutu bildirmistir. Genel olarak, nanoemdiilsiyon
damlacik boyutunun dis maruziyeti ile dolayh olarak
iligkili olan ylizey aktif madde konsantrasyonuna bagh
olabilmekte ve ayrica yag/su ara ylizey gerilimine de
bagli degisebilmektedir (Sundararajan ve ark, 2018).
Ayni zamanda ultrasonik homojenizator tarafindan
uretilen kesme kuvvetlerine ve tiirbiillansa da bagh
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olabilecegi bildirilmistir (Mehmood ve ark, 2017).
Bulgularin diger arastirma caligmalariyla
karsilastirilmasiyla, bu ¢alismada test edilen biberiye
esansiyel yagi bazli nanoemilsiyonun damlacik
boyutunda (447.6 nm) Ozogul ve ark., (2017)
tarafindan yapilan ¢alismada bildirilen sonuglara gore
(63.02 nm) bir artis oldugu gézlenmekte ve bunun
nedeninin ise emiilsifiye edici madde olarak kullanilan
Tween 80'nin konsantrasyonlarinin %3'ten %1'e (w/w)
distrilmesinden kaynakli olabilecegi
disunulmektedir. Ayrica, su icinde yag
emilsiyonlarinin hazirlanmasinda iyonik olmayan
yuzey aktif maddeler olarak kullanilan Tween 80
uygulamasi, emiilsiyonun hidrofilik-lipofilik dengesi
acisindan dengede olmustur (Chu ve ark., 2020).
Ayrica, polimer bazhh yizey aktif maddelerle
karsilagtirildiginda, kiigiik molekilli bir yiizey aktif
madde olarak Tween 80, damlacik ylizeyinde adsorbe
etmede daha etkili olmustur (Chu ve ark., 2020).

Ote yandan viskozite, nanoemiilsiyonun
fizikokimyasal karakterizasyonunda kullanilan ¢ok
o6nemli bir parametredir. Bu parametre, emiilsiyonun
partikil stabilitesini ve uzun vadeli stabilitesini
etkileyebilmektedir (Richa & Choudhury, 2020).
Ayrica viskozite, ylizey aktif maddelerin, yag
bilegsenlerinin ve emiilsiyonun suyunun bilesimlerine
ve bunlarin konsantrasyonlarina asir1 derecede
baghdir (Che Marzuki ve ark., 2019). Viskozitenin
belirlenmesi, sistemin O/W (oil-in-water; yag icinde su)
veya W/O (water-in-oil; su icinde yag) emiilsiyonu olup
olmadigini dogrular. Sistemlerin dusik viskozitesi,
O/W tipi oldugunu ortaya koymaktadir. Aksine yiksek
viskozite, yag tipi sistemde su oldugunu gosterir
(Yazgan ve ark., 2019). Arastirmada viskozite 0.88 N
s/m? olarak bulunmustur. Nanoemiilsiyonlarin fiziksel
stabilitesi tizerinde viskozitenin biyik bir etkisi
vardir. Bu nedenle, bu arastirmada incelenen biberiye
esansiyel yagi nanoemulsiyonunun viskozitesi,
emiilsiyon stabilitesini arttirmaktadir. Biberiye
esansiyel yagi bazli nanoemiilsiyonun yilizey gerilimi
ise 3393 N/m olarak bulunmustur. Onceki
arastirmalar,  biberiye  esansiyel yag  bazh
nanoeiilsiyonunun yiizey gerilimi (32.55 N/m)
hakkinda benzer bir veriye sahip oldugunu
bildirmistir (Ozogul ve ark., 2017). Ayrica, biberiye
esansiyel yagi nanoemiilsiyonu, oda sicakliginda 15
glinliik depolama sirasinda iyi termodinamik stabilite
sergilemigtir.

Biberiye esansiyel yag1 nanoeiilsiyonunun PDI'si Sekil
4'te verilmigtir. PDI degeri, damlaciklarin partikil
boyutu dagilimi olarak tanmimlanabilir. Siklikla, PDI
degerleri 0.0'dan (tek tip damlacik) 1.0'a (cesitli
damlacik boyutu popiilasyonlarina sahip numune)
uzanir. Kigik bir PDI degeri, dar bir pargacik boyutu
dagiliminm temsil eder. Bu ¢alismada biberiye ugucu
yagi i¢in PDI degeri 0.164 olarak bulunmustur. Ayrica
sonuglar gostermisrit ki, elde edilen PDI degeri, ylizey
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aktif madde konsantrasyonlarina ve nanoemiilsiyonun
geligtirilmesi i¢in kullanilan sulu faz miktarina ve
ayrica ultrasonik emdulsifikasyonun etkisine baglh
olmustur (Chu ve ark, 2020).

Cizelge 2. Biberiye esansiyel yag: kullanilarak
hazirlanan nanoemiilsiyonunun fiziko-
kimyasal 6zellikleri

Table 2. Physico-chemical properties of rosemary

based nanoemulsion
Sicaklik (°C) 95
Temperature (°C)
Viskozite (N s/m2) 0.88
Viscosity (N s/m2) )
Yizey gerlhml 3303
Surface tension
Termodinamik stabilite ++
Thermodynamic stability
Damlacik boyutu (nm) 447.6

Droplet size (nm)

+ 2 haftaya kadar olan sure igerisinde faz ayrimi

acisindan  emitlsiyonun iyi  bir termodinamik
kararliligr oldugunu goésterir.
2;
] Z-Average {d.am):447.6
21 PDL0.164
€15
<
g |
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Sekil 4. Biberiye esansiyel yagi nanoemdiilsiyonun
parcacik boyutu dagilimi ve PDI degeri

Figure 4. The particle size distribution and PDI value
of the rosemary essential oil nanoemulsion

Histidin Dekarboksilaz Sivisinda Bakteriyel Geligim

Cizelge 3, histidin dekarboksilaz sivisinda bakteriyel
gelisimi gostermektedir. Calismada kontrol grubu
genellikle muamele gruplarindan daha ylksek
duzeyde bakteri yuki igermigtir. Test edilen gruplar
arasinda genellikle en disik bakteriyel yik, BEO
grubunda gézlenmigtir.

Muamele gruplari arasinda Tween 80, bakteriyel
gelisimi engellemede genellikle en diigsiik aktiviteye
sahip grup olmustur. Kontrol gruplarinda en yuksek
bakteriyel gelisim K. pneumoniae ve S. liquefaciens
(8.87 log kob/ml) suslarinda ve en dusuk gelisim ise
balik bozucu E. feacaliste (7.41 log kob/g) gozlenmistir.
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Cizelge 3. Histidin dekarboksilaz sivisinda (HDB) bakteriyel gelisim (log kob/ml)
Table 3. Bacterial growth in histidine decarboxylase broth (HDB) (log cfu/ml)
Gruplar
Bakteri Groups
Bacteria Kontrol Tween 80 BEO BNE
Control
9 "3 S. aureus 8.53+0.1%¢ 8.26+0.1b 7.09+0.42 8.57+0.1¢
..‘.5 s . '%.M { K. pneumoniae 8.87+0.2¢ 8.70+0.1b 8.13+0.12 8.78+0.2bc
G2 5" S. Paratyphi A 8.52+0.2¢ 8.560.0° 6.97+0.22 7.25+0.2b
MR E. feacalis 8.53£0.1¢ 8.49+0.2b 8.43+0.12 8.47+0.2
» P. damselae 8.56+0.3¢ 8.73+0.34 7.69+0.02 8.39+0.4P
g o E. feacalis 7.41+0.32 7.43+0.52 8.16+0.3P 8.4440.1¢
3 g V. vulnificus 8.51+0.0 8.51+0.2b 7.97+0.22 8.73+0.4¢
ﬁ s P. mirabilis 8.42+0.4¢ 8.81+0.04 8.04+0.22 8.33+0.3P
pg S. liquefaciens 8.87+0.1¢ 7.83+0.12 8.13+0.1b 8.22+0.2¢
P. luteola 8.07+0.3b 8.37+0.2¢ 7.13+0.22 8.30+0.1¢

BEO: Biberiye esansiyel yagi, BNE: Biberiye esansiyel yag1 bazli nanoemiilsiyon
xOrtalama deger, + standart sapma, n=3. Ayn satir {izerindeki farkl: harfler (a-d) istatistiki farki géstermektedir.

HDB'de S. aureus gelisimi 7.09 log kob/ml (BEO) ile
8.57 (BNE) log kob/ml arasinda degiskenlik
gostermistir S. aureus igin bakteriyel gelisimde en
fazla azalis gosteren grup BEO olmustur. Gruplar
arasinda en yuksek inhibisyon etki 1.55 log kob/ml
azalis ile BEO grubunda S. Paratyphi A bakterisine
karsy goézlenmigtir. Tween 80 grubunda bakteriyel
gelisimi artan suslar arasinda £ feacalisin hem
bozucu hem de patojen susu ile S. Paratyphi A, P.
damselae, P. mirabilis ve P. luteola bulunurken BEO
grubunda sadece E. feacalis bozucu susu (0.75 log
kob/ml artis) bulunmustur. BNE grubunda ise
bakteriyel gelisimi artis gosteren suslar olarak S.
aureus, FE. feacalis bozucu susu, V. vulnificus ve P.
Iuteola goézlenmigtir. Tim bu artis gosteren suslar
arasinda en ylksek ve en diisik bakteriyel geligim,
bozucu E. feacalis'te sirasiyla BNE (1.03 log kob/ml
artis) ve tween 80 (0.02 log kob/ml artis) gruplarinda
gozlenmistir. Bakteriyel gelisimi azalig gésteren suslar
arasinda ise en fazla azalig S. Paratyphi A'da BNE
grubunda (1.27) ve gelisimi en az olan sus ise 0.06 log
kob/ml azalig ile patojen sus olan FE. feacaliste
gozlenmigtir.

Literatiire bakildiginda biberiye esansiyel yagi ve
nanoemiilsiyon formlarinin gidalara uygulanmasi ile
ilgili ¢alismalara rastlanmamistir. Fakat benzer
calismalara rastlamak miimkiindir. Bunlarda daha
¢ok antimikrobiyal analiz g¢aligsmalar1 olup biyojen
amin uretimi uzerine odaklanilmamigtir.
Abdollahzadeh ve ark., (2014) kekik, biberiye ve
targindan elde ettikleri esansiyel yaglarin L.
monocytogenes  PTCC 1163 susuna  karsi
antibakteriyel aktivitelerini o6lgmiigler ve oldukca
etkili olduklarim bildirmiglerdir. Yine Ozogul ve ark.,
(2020) kekik esansiyel yagl temelli
nanoemilsiyonlarin ve saf yaginin baliklarda bozucu
bakteriler (P. luteola, P. damselae, V. vulnificus, E.
faecalis, S. liquefaciens, ve P. mirabilis) ve gida
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kaynakli patojenler (S. Paratyphi A, S. aureus, K.
pneumoniae, ve E. faecalis) iizerindeki antibakteriyel
aktivitelerini disk difiizyon, minimum inhibisyon
(MIC) ve minimum bakterisidal konsantrasyonlar:
(MBC) kullanilarak degerlendirmisler ve kekik
yaginin nanoemiilsiyona donustirilmesinin
antibakteriyel aktiviteyi arttirdigini rapor etmislerdir.
Ozogul ve ark., (2022), defne (Laurus nobilis) ugucu
yaginin  ultrasonik  emdtlsifikasyon  yontemiyle
nanoformilasyonu ve esansiyel yaginin
antimikrobiyal aktivitesini gida kaynakl patojenler ve
balik bozulma bakterisinden olusan bir gruba kars: da
arastirmiglardir. Calisma sonucunda defne esansiyel
yag1 nanoemiilsiyonunun fizikokimyasal 6zelliklerinin
surfaktanda, esansiyel yag konsantrasyonundan ve
bilesiminden ve nanoemiilsiyon hazirlama igin
ultrasonik emiilsifikasyondan etkilendigini ve bunun
daha sonra antimikrobiyal etki tzerinde O6nemli
sonuc¢lari oldugunu gostermistir. Yazgan ve ark.,
(2019), limon esansiyel yag1 ve bu esansiyel yag bazh
nanoemiilsiyonun gida patojenleri (S. aureus, K.
pneumoniae, E. faecalis ve S. Paratyphi A) ve balik
bozucu bakteriler (P. damselae, E. faecalis, V.
vulnificus, P. mirabilis, S. liquefaciens ve P. luteola)
uzerindeki antimikrobiyal etkilerini disk diftizyonu,
MIC ve MBC agisindan karsilastirdiklar ¢aligmada
ucucu yagin nanoemilsiyona dontsturilmesinin
antimikrobiyal aktiviteyi arttirdigini géstermislerdir.

Yazgan (2020), adacay1 esansiyel yag1 = ve
nanoelilsiyonunun patojen ve bozucu organizmalar
tuzerindeki antimikrobiyal ozelliklerinin ve

antimikrobiyal ajan olarak kullanimlarini aragtirdig:
¢alismasinda disk diflizyon yoénteminde adagay:
esansiyel yaginin test edilen mikroorganizmalar
uzerinde nanoemilsiyon formundan biraz daha etkili
oldugunu bildirmigtir. Ozogul ve ark., (2021)
nanoemilsifikasyon iglemi sonrasinda greyfurt
kabugu ugucu yaginin antibakteriyel 6zelliklerindeki
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artis1 arastirdiklar: calismalarinda ana bilesik olarak
tanimladiklar1 D-Limonene (% 82.86) ihtiva eden
esansiyel yagin test edilen bakteri suglarinin ¢coguna
kars1 bakteriyostatik etki gésterdigini bildirmiglerdir.
Ugucu yagin nanoemilsiyon sistemine dahil
edilmesinin nanoemiilsiyondaki yag konsantrasyonu
dikkate alindiginda artan bakteriyostatik etki ile
sonuc¢lanmigtir, ancak muhtemelen nanoemiilsiyon

sistemindeki ¢ok distk ucgucu yag
konsantrasyonundan  dolayr  bakterisidal  etki
gozlemlenmemigtir.

Yapilan calismalardanda goruldigi lzere aromatik
bitki yaglar1 ve ekstraktlarimin igerigi ve kalitesi
ekolojik kosgullar, yagin ekstrakte edilis sekli ve diger
faktorlerine gore degiskenlik gosterebilmektedir. Bu
bilesiklerin herbiri organik maddelerin kompleks
heterojen gruplaridir. Ayrica esansiyel yag ve
turevlerinin antimikrobiyal etkisi bakteri tiirlerine
baglidir. Bununla birlikte, mikro seyreltme
yonteminde hem nanoemiilsiyon formu hem de ugucu
yag, test edilen patojen ve bozulma bakterilerinin
bakteri tremesi lzerinde benzer bir etkiye sahip
olmustur. Bu fark, kiiltiir ortaminda daha az bulunan
polar bilesiklerin daha yavas yayilmasindan
kaynaklamiyor olabilir. Mevcut c¢alisma, biberiye
esansiyel yaginin ve nanoemilsifiye formunun gida
endistrisinde dogal bir antimikrobiyal ajan olarak
kullanilabilecegini gostermistir.

Histidin Dekarboksilaz Sivisinda AMN, TMA ve
Biyojen Amin Uretimi

Biberiye esansiyel yagi kullanilarak olusturulan su
igerisinde yag nanoemiilsiyonu ile biberiye esansiyel
yagimin HDB'de gida kaynakli patojen ve balik bozucu
bakterilerin urettigi AMN, TMA ve biyojen aminler
uzerindeki etkisi Cizelge 4’te verilmistir. Esansiyel
yaglarin bakteriler tizerindeki antimikrobiyal etkisi
esansiyel yagin icerdigi kimyasal bilesiklere gore
farkhihiklar gosterebilmektedir. Escherichia coll,
Salmonella, Clostridium, Aeromonas hydrophila,
Bacillus spp., K. pneumoniae, Listeria monocytogenes
ve E. faecalis gibi gida kaynakl patojenlarin amonyak
ve biyojen amin tUretme yetenegine sahip oldugu
bildirilmistir (Ordonez ve ark., 1999; Ozogul, 2011;
Kuley ve ark., 2011; 2012, Gokdogan ve ark., 2012).
Calismada HDB igerisinde patojen ve bozucu
bakteriyel tlyeler arasinda AMN, TMA ve diger
biyojenik aminler tretimi bakimindan farkhiliklar
bulunmusgtur.

HDB icerisinde kullanilan tiim muamele gruplari
genel olarak test edilen tiim bozucu ve gida kaynaklh
patojenik organizmalarin biyojen amin Uretimlerini
inhibe etmistir. AMN dUretimine bakildiginda
kullanilan tim gida kaynakli patojenik
organizmalarin arasinda en yliksek tretim kontrol
grubu P. luteola (1866.96 mg/L) susunda gozlenmis
olup kullanilan muamele grubuna bagli olarak AMN
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uretimi 6nemli oranda dismiustiur. Bozucu bakteriler
arasinda muamele gruplarinin da AMN tiretimini en
¢ok inhibe ettigi sus yine P. luteola olmustur. Gida
kaynakli patojen bakteriler arasinda Tween 80 dahil
olmak  tlizere  biberiye esansiyel yag ve
nanoemiilsiyonu muamele gruplarinin tamaminda
AMN dretimi inhibe edilirken muamele gruplari
arasinda bu durum farkliliklar gostermistir. Ozogul
(2011) HDB icerisinde gida kaynakl patojenlerin 1130
ve 3089.6 mg/LL arasinda amonyak trettigini rapor
etmistir. Gokdogan ve ark. (2012) HDB'de AMN
iiretiminin en diisiik L. monocytogenes (68 mg/L) ve en
yiksek E. coli (210 mg/L) tarafindan gergeklestigini
bulmuglardir. Lizin dekarboksilaz sivisinda gida
kaynakli patojenler 965 mg/l’'den daha dusuk
amonyak tiretmistir.

Genel olarak BEO ve BNE gruplari, kontrol ve Tween
80'den daha fazla AMN iretimini inhibe ederken KA.
pneumoniae ve E. feacaliste Tween 80 daha suprese
etki gostererek AMN Uretimini baskilamigtir.
Polioksietilen Sorbitan Monooleat 80 veya Polisorbat
80 olarakta bilinen Tween 80, genellikle gidalarda ve
kozmetik trunlerinde kullanilan noniyonik bir ylzey
aktif maddedir ve emiilgatérdiir. Bu sentetik bilesik,
viskoz, suda ¢ozlunir sari bir sividir. Tween 80 bir
yuzey aktif madde oldugundan, hidrofobik maddeleri
icine alan miseller ve emitlsiyonlar olusturabilir. Bu
nedenle Tween 80'in hidrofobik antimikrobiyallerin
antibakteriyel etkilerini etkileyebilmektedir. Nielsen
ve ark. (2016) bozulma ve gida kaynakli hastaliklarin
yaygin nedenleri olan Staphylococcus aureus, Listeria
monocytogenes ve Pseudomonas  fluorescens'in
biylmesini ve antimikrobiyal duyarhligini Tween
80'in nasil etkiledigini arastirtirdiklar: caligmalarinda
bu emiilgatorin S. aureusun hem bireysel hem de
biyofilm biiytimesini destekledigini, L. monocytogenes
ve P. fluorescensi inhibe ettigini ve bu durumunda
kullanilan susa bagli oldugunu gostermistir. Mevcut
calismada da oldugu gibi Tween 80' nin bazi suslarin
AMN tretimini artirdigi, bazilarini ise inhibe ettigi
gozlenmigtir. Bu degisimin susa bagli olmasinin yani
sira besi ortami igerisine eklenen aktif maddelerin
antagonistik veya sinerjik etki yaratmasindan da
kaynakli olabilecegi ihtimaller arasindadir. Bulgular,
emulsiyonlastirma yoluyla c¢ozelti icinde dagilan
hidrofobik antimikrobiyallerin etkinligini incelerken
veya emiulgatorleri iceren gida  matrislerine
antimikrobiyaller uygulandiginda emdtlgatérlerin
dolayli etkilerinin belgelenmesinin 6nemini
vurgulamaktadir.  Ayrica, mikrobiyal blylime
uzerindeki ture o0zgl etkiler, kozmetik ve gida
urinlerindeki Tween 80'in cilt ve bagirsak
mikrobiyotasinin bilesimini etkileyebilecegini ve bu
nedenle potansiyel saglik etkilerini ortaya ¢ikarmak
i¢gin emdilgatorlerin insan mikrobiyomu tizerindeki
etkisinin arastirilmas: gerektigini diistindiirmektedir
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Cizelge 4. HDB icerisinde mikroorganizmalar tarafindan iiretilen AMN, TMA ve BAs (mg/L)
Table 4. AMN, TMA, and BAs production by microorganism in HDB (mg/L)
PUT CAD S

Bakteri Gruplar AMN PD TRPT PHEN SPN HIS SER TYR TMA DOP AGM

Kontrol  496.41+19.714 293.19411.66¢  327.61:10.76°  30.00£2.04¢  61.37+2.12¢  0.00£0.00  20.76:1.16¢  17.7420.26¢ 514.54£33.320  28.8342.27¢  16.55+1.84¢  59.34+4.014 9.99:0.27¢

S aureus Tween 80  413.66+2.93¢ 50.52:+2.44¢ 27.70+1.100 23.4140.77°  55.462.26°  0.00£0.00° 4.22:0.21¢ 11.2540.01¢ 303.67+4.01¢ 12.52£0.27¢ 12.4740.45¢ 18.1940.21¢ 4.38£0.19°

. BEO 318.10+2.72° 34.66+7.23" 10.000.76 14.83£1.74>  43.70:2.29°  0.00£0.00° 0.00£0.00° 4.74£0.240 54.85+4.700 4.50+0.76" 6.51:0.43" 11.26£1.03° 9.41:0.67%

g BNE 367.82+11.21° 13.341.06° 12.6310.53° 9.50£0.27° 15.50£0.140  0.00£0.00° 1.34£0.03" 1.86£0.16° 37.81+1.44° 1.34£0.10° 5.33£0.26° 8.92:0.68 8.81+0.18

§ Kontrol 166.49:10.961 205.35+11.944 56.08+2.324 68.16£2.52°  34.75:2.58!  67.82:3.14¢  23.92+1.860  106.89+6.95¢ 30.33+0.19¢ 69.78+0.43°  89.26+7.61¢  104.16:3.80°  42.15:0.90¢

® K pnoumonise  TWeen80 131941686 147.68+1.76¢ 35.36+0.11¢ 42,382,150  22.85:0.32°  44.16:0.03°  13.9141.22¢  36.86:1.17 15.20+0.83¢ 68.76:2.66°  83.48:0.07°  17.57:0.83  11.76+0.07

3 BEO 144.00+18.16° 90.52+3.420 14.7310.19° 19.70:0.440  14.7120.10°  34.54:0.29"  0.00£0.00° 35.95+2.42" 7.96+0.78 31.59+1.98"  54.06:1.76"  23.94+1.28 2.72+1.67%

% BNE 157.1146.54¢ 41.45+7.30 23.0141.760 18.86£1.05°  16.95:1.17°  26.21:2.320  8.53:0.17° 17.62+1.220 5.48:0.32 24.28£1.000  22.02:1.020  20.25+1.36% 4.050.09°

g Kontrol  797.38+11.46¢ 0.09:0.00° 16.86+0.27¢ 15.7241.300  11.7420.35¢  2.33:0.07 3.52+0.06¢ 0.970.02 34.14+1.45¢ 12.5740.64°  27.12:0.46¢  11.36£0.000  21.47+1.95¢

§ S Paratyphia TWen80  37L03:15.0 0.01£0.000 13.660.74 18.40£0.17" 4.39:0.07 0.00£0.00°  0.55+0.06 0.84£0.03" 15.53£0.38° 1.92£0.11° 11.14£0.96¢ 7.85+0.04¢ 23.18+1.63¢

& BEO 186.83:8.94 0.00£0.00° 14.120.80° 15.8740.58 5.160.55 2.50£0.54¢ 0.00£0.00° 0.23£0.01° 4.980.56° 1.56+0.08 6.85£0.77° 2.69£0.01° 15.2640.03

F BNE 204.201.10° 0.00£0.00° 18.1041.21¢ 18.96:+0.42° 9.67:0.34¢ 1.72+0.320 0.80£0.07° 0.40£0.05° 2.61:0.28° 1.3840.472 5.88£0.39° 1.1420.18° 18.000.84>

& Kontrol  493,75+26.441 3.0120.05¢ 15.440.18 2.65+0.16¢ 2.23:0.08° 0.00£0.00° 0.000.00° 9.28:0.14¢ 19.160.67¢ 1.010.02° 3.72:0.17¢ 5.23£0.35¢ 6.85+0.201

E foacalis Tween80  128.61+3.69° 1.61:0.34 18.09£0.37¢ 2.79:0.92¢ 1.90£0.130 0.00£0.00° 0.00£0.00° 4.24:0.17 10.52£0.48° 0.59£0.008 1.71£0.07° 3.110.05¢ 5.78+0.02¢

BEO 176.43+5.02¢ 0.00£0.00° 11.53+1.28 2.04+0.14" 1.3840.35° 0.000.00° 0.00£0.00° 1.3420.06° 4.8420.27° 0.64:0.042 1.97+0.14° 2.93:0.120 3.47+0.54

BNE 157.18£4.52 0.86:0.01 16.59:41,98% 1.02£0.020 1.41£0.58° 0.00£0.00° 0.00£0.00° 3.50£0.16> 2.42:0.18 0.86£0.02 0.98£0.04* 1.6740.09° 2.03£0.09°

Kontrol  583.83+16.68¢ 93.73+1.26¢ 33.27+2.43¢ 54.00£0.13¢  11.48:0.28°  30.28:0.60'  32.05+1.16°  28.87:0.43¢ 91.42+1.674 145.58:3520  67.60+4.680  13.50+1.28¢ 16.48+1.12¢

P damselze  Tween80  406.13+15.90¢ 56.72:+4.64° 26.3720.43b 37.47+1.96¢ 11.78:0.13¢  0.00£0.00° 4.30£0.41° 24.03+1.58" 33.10+1.05¢ 134.80£1.09°  44.80:0.14¢ 5.48:0.13" 10.62:0.68"

BEO 208.02:0.84° 26.40+1.340 11.641.06° 30.18+1.61° 8.86+0.76° 3.85+1.200 0.00£0.00° 17.311.460 27.90+2.06 22774179 21.30+1.83 5.57£0.74> 7.83+0.05%

BNE 167.33+10.71 13.08+1.08° 11.53£0.87 19174108 10.02:1.08°  6.67£0.59° 0.00£0.00° 19.2141.32 14.09+1.06° 49.73+3.59"  27.66+1.77° 2.15£0.33 5.800.58"

Kontrol 1089.50+7.12¢ 201.66+8.67¢ 37.72:42.981 21.1941.22¢ 32910450  26.71£1.27°  19.9410.09'  188.55:2.39° 32.22+1.11¢ 32.620.92¢  45.01+1.97¢  138.43:9.45¢  35.17+1.58!

E foacalis Tween80  189.16+8.03" 47.59:0.04° 12.7520.31 13.7040.56°  21.040.06°  1.88£0.30°  10.61x0.0l°  138.51+1.110 5.590.35" 1.3120.072 1.470.04° 94.16+0.27°  20.66+1.09°

BEO 164.35+13.80% 61.18+1.060 19.9141.12° 112240430 12.67:0.04"  2.32£0.73%  5.93+0.11°  116.63+3.84° 5.18£0.20° 5.49+0.66 5.61+0.68¢ 58.42:2.17%  15.92+0.020

BNE 148.027.33 45.95+1.47° 16.9411.23 17.4741.01¢ 2.08£0.300 2.65£0.18 0.00£0.00°  113.84+8.01¢ 3.91£0.12 9.48:0.07¢ 2.99:0.05 74.8143.80°  13.39:0.76°

B Kontrol 339.53+16.34¢ 15.12£0.43 27.69+1.01¢ 6.11£0.19¢ 9.19:0.02¢  30.93+0.04°  17.85:0.96°  99.92:5.72¢ 10.2541.05¢ 11.11£0.09¢ 9.08£0.67¢ 4.320.21¢ 2.96:0.06¢

x V. valnificus ~ Tween80  459.72£17.444 56.92+1.48° 22.13+1.87° 5.21£0.31¢ 3.26+0.18 9.03£0.27° 5.08£0.20° 39.26+1.85° 7.80+0.58 8.3120.09¢ 10.05:0.89¢ 2.33£0.39° 1.480.46

2 BEO 297.24+15.66° 28.45+1.77b 25.98+1.110 1.56+0.88" 1.80£0.28"  7.41:058>  7.84:0.22 58.98+2.51¢ 7.10£0.66° 5.26+0.49> 2.22:0.09° 1.4240.38 1.040.09"

§ BNE 241.05428.77 16.95£0.57 23.37+1.750 3.91£0.45 2.09:0.43% 5228041  6.67:0.47"  45.04+1.81° 7.36+0.04: 1.71£0.06° 5.15:0.01° 1.69:0.35% 1.08+0.06
N

:? Kontrol  1010.43:46.75¢ 21.50£1.13b 38.24:+1.45¢ 27.1420.55¢ 5.23£0.44°  22.66:0.149  1.69:0.07 86.99:+4.53¢ 35.39:42.024 41.98£1.04>  22.92+0.80¢  13.36+1.05¢ 8.17+0.28¢

= P mirabilis  Tween80  592.00£42.98> 24.82+2.96° 23.73+1.85¢ 27.92+1.96¢ 1.97:0.35°  10.35:0.55"  0.00£0.00° 82.81+2.67¢ 12.47+0.26° 20.90£0.05  10.06£0.01°  12.20+0.46" 6.53£0.05

& BEO 532.878.51% 21.25+1.200 14.590.88 11.23£0.162 2.55£0.36 7.91£0.13 2,350,249 60.94+2.53 5.97£0.38 20.25+1.18° 5.04£0.31 11.3120.700 6.54+0.32"

BNE 487.85£36.57¢ 13.23+1.03¢ 12.800.66° 24.07+1.520 2.36:0.54  14.00£0.00°  1.190.58" 17.66£0.320 4.65£0.69° 20.31+1.44° 7.850.14> 12.44+0.50° 1.80£0.01

Kontrol  878.73+34.06¢ 168.36+3.32¢ 28.87+1.59 32.16:+2.49¢ 7490140 13.37£1.45°  24.53+1.540  87.09:2.93¢ 27.32+1.774 14.89433.130  62.2642.60°  55.4343.93  18.29:0.58¢

S liquofacions ~ TWeen80  801.07:6.20° 113.724.19¢ 28.14+1.32) 26.6420.56¢ 4.46:0.07¢  0.54:0.06®  12.360.05°  72.98+2.48 15.4641.97¢ 2.23£0.19° 3.70£0.23" 11.57+1.18 11.4120.10¢

BEO 181.89:2.78 60.7122.12 28.95+0.910 20.37£18.400  2.23:0.07° 1.2240.170 6.15£4.03" 27.82:+2.32 12.68£0.78" 1.12£0.09° 0.430.04° 5.02£0.94% 6.80+0.33¢

BNE 242.91+6.35 32.13+1.26° 11.8520.04 10.82:0.18¢ 1.29£0.120 0.000.00° 2.68:0.16° 12.68£0.69° 11.70£0.142 1.35£0.05 0.45:0.02 5.83£0.20° 7.22+0.45>

Kontrol  1866.96+79.93¢ 28.18+0.59¢ 26.03+1.774 32.05£0.90¢ 8.75£0.304 8.47£0.219 9.53£0.78 27.46+0.53¢ 46.4721.42¢ 22.20+1.39¢  83.90+5.15¢  79.80+5.241  13.89+0.26

P Iuteoln Tween 80  380.37+24.14¢ 9.09+1.36" 13.28£0.23° 21.58+0.12> 6.26£0.00° 1.79£0.02¢ 0.00£0.00° 3.84£0.27° 17.49£0.98" 13.7040.55¢  33.4120.22°  59.99+1.47¢ 7.78+0.42¢

BEO 257.214.52° 0.00£0.00° 18.57+1.17¢ 17.7741.550 4.61:0.90° 1.1820.45b 0.00£0.00° 2.28£0.23 7.000.36° 12.4141.65°  15.95:0.88°  23.60£0.65° 6.75+0.68

BNE 155.07+11.98 0.00£0.002 14.6740.16° 20.56+1.360 1.04£0.142 0.00£0.00* 0.00£0.00* 2.920.33 7.1120.94° 8.130.56° 19.0041.45"  30.36:2.73" 3.62+0.15°

BEO: Biberiye esansiyel yagi, BNE: Biberiye esansiyel yag: bazli nanoemiilsiyon
xOrtalama deger, + standart sapma, n=3. Aym siitun {izerindeki farkl harfler (a-d) istatistiki farki gostermektedir.

AMN: Amonyak, PUT: Putresin, CAD: Kadaverin, SPD: Spermidin, TRPT:Triptamin, PHEN: 2-feniletilamin, SPN:Spermin, HIS:Histamin, SER:Seratonin, TYR:Tiramin, TMA:Trimetil amin,
DOP:Dopamin, AGM:Agmatin
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Bozucu bakteri suglari arasinda AMN {retimi
muamele gruplarinin tamaminda inhibe edilirken bu
durum sadece BEO ve BNE arasinda farkhiliklar ve
dalgalanmalar goéstermistir. Patojen suglarin aksine
bozucularin tamaminda BEO ve BNE gruplari, kontrol
ve Tween 80'den daha fazla AMN iiretimini inhibe
etmiglerdir. Sadece S. liquefaciens susunda BEO,
BNE'ye gore daha fazla AMN turetimini baskilarken bu
durum istatistiksel acidan 6nemli olarak gézlenmistir
(p<0.05).

Gida kaynakli patojenler ile balikta bozulma etmeni
bakteriler basta TMA, putresin (PUT), kadaverin
(CAD), spermidin (SPD), triptamin (TRPT), tiramin
(TYR) ve agmatin (AGM) olmak {iizere spermin (SPN)
disinda test edilen Dbutin biyojen aminleri
uretmiglerdir. Biberiyenin genel olarak biyojen amin
uUretimini azaltmasina karsin, biberiye esansiyel yag
veya nanoemilsiyon formunun biyojen amin
uretimindeki etkisi muamele tipine, bakteri tirine ve
spesifik biyojen amine gore degiskenlik gostermistir.
Putresin (PUT) iiretimine bakildiginda gida kaynakh
patojenik bakterilerden S. Paratyphi A ve E. feacalis
disindaki  suglarda o6nemli miktarda  Uretim
gozlenirken 6zellikle S. aures'ta muamele gruplarinin
baskilayici etkisinin daha fazla oldugu gézlenmektedir
(yaklasik 6-22 kat). Bozucu bakteriler arasinda en
yiiksek iiretim FE. feacalis susunda (201.66 mg/L)
gozlenmesine karsin muamele gruplari arasinda bu
tiretim diislis gostermistir (45.95-61.18 mg/L). Tween
80 muamele grubu bu susta BEO'dan daha fazla ancak
BNE'den daha az olmak tizere PUT tiretimini inhibe
etmistir. Ancak bu farkhliklar istatistiksel acidan
onemsiz olarak tespit edilmigtir. Durlu-Ozkaya ve ark.
(2001) Enterobacteriaceae iiyelerinin %1 aminoasit
iceren beyin kalp infiizyon sivisinda baglica putresin,
kadaverin, tiramin ve histamin uretigini
belirtmigleridr. Gida kaynakli patojen bakteriler
histidin dekarboksilaz sivisinda 9.8 ve 19.2 mg/L
arasinda putresin tretmistir (Ozogul, 2011). Tavuk
derisinden izole edilen 7 farkli Aeromonas iiyesinin
putresin (<3.7 mg/L) ve 5 {iyesinin kadaverin iirettigi
(73.8 mg/l) gozlenmistir (Bunkova ve ark. 2010).
Staphylococcus tiyelerinin yiiksek miktarda putresin
ve feniletilamin (>100 mg/L) olusturdugu gézlenmistir
(Seitter ve ark., 2011). Mevcut calismada, bakteriler
tarafindan PUT {iretimi 0.00 mg/L (S. Paratyphi A) ve
293.19 mg/L (S. aureus) araliginda ve CAD iiretimi ise
10.00 mg/L (S. aureus) ve 327.61 mg/L (S. aureus)
araliginda olmustur.

Kadaverin (CAD) iiretimine bakildiginda kullanilan
tim muamele gruplarn gida kaynaklhi patojen
bakterilerin tliretimini genellikle inhibe ederken S.
aureusun kontrol grubuna gore CAD iretimini
(327.61 mg/L) 6nemli 6lciide inhibe etmislerdir (12-33
kat). Enterococcus faecaliste ise Tween 80 ve BNE
gruplarinin CAD tretimi kontrol grubundan daha
fazla olmus, bu gruplar istatistiksel acidan her ne
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kadar oOnemsiz olsa da CAD dretimini stimile
etmiglerdir. Balik bozucu bakteriler arasinda CAD
uretimi en yiksek 38.24 mg/L ile P. mirabilis kontrol
grubunda, en disiik ise 11.53 mg/L ile P. damselae
BNE grubunda goézlenmistir. De las Rivas ve ark.
(2006) S aureus, S epidermidis ve L.
monocytogenesin CAD {retiminden sorumlu lizin
dekarboksilaz aktiviteye sahip oldugunu belirtmistir.
Bu calismada da CAD en ylksek S. aureus tarafindan
iretilmistir (327.61 mg/L). Histidin dekarboksilaz
sivisinda Klebsiella tyelerinin 16 ve 32 mg/L
diizeyinde kadaverin trettigi bulunmustur (Ozogul &
Ozogul, 2007; Ozogul, 2011). Bu c¢alismada K
pneumoniae 18.86-68.16 mg/L kadaverin liretmigtir.

Spermidin ve spermin biitin organizmalarda
dekarboksile S-adenosilmetiyoninden 1 veya 2 amino
grubun ayrilmasi ile putresinden olusur (Smith, 1981).
Spermidin (SPD) iiretiminde de benzer sekilde patojen
bakterilerin besi ortaminda kullanilan tim gruplarin
amin Uretimini inhibe ettigi gézlenmigtir. Sadece F.
feacaliste Tween 80 grubu istatistiksel fark
gozetilmeksizin SPD {retimini artirmigtir. Kontrol
gruplari arasinda en yuksek SPD dretimi K
pneumoniae susunda (68.16 mg/L) gozlenirken en
digiik iiretim £E. feacalis susunda (2.65 mg/L)
gozlenmigtir. Muamele gruplari arasinda ise en
yiksek SPD tiretimi yine K. pneumoniae susunda
(42.38 mg/L) Tween 80 grubunda gozlenirken en diisiik
iiretim ise yine F. feacalis susunda (1.02 mg/L) BNE
grubunda gézlenmistir. Gida kaynakli patojen suslar
arasinda SPD tiretimi bozucu gruptan daha az olmakla
birlikte genel olarak muamele gruplarinin inhibe edici
etkisi s6z konusu olmustur. En diigik SPD tretimi
gozlenen grup V. vulnificus olmustur. Balik bozucu
grupta da muamele gruplar1 arasinda SPD uretimi
acisindan farkhiliklar gézlenmistir. Spermin (SPN)
uretiminde patojen K. feacalis susunda hicbir grupta
uretim gozlenmezken diger susglarda oldukga az
miktarda tretim goézlenmistir. En yiiksek Uretimler
kontrol gruplarinda gozlenirken BEO gruplarinda
higbir susta tretim goézlenmemistir. Bozucu bakteri
gruplarinda ise patojen suslara nispeten daha fazla
SPN tretimi s6z konusu olmustur. Genel olarak BNE,
patojen suslarda en dusiik SPN tretimlerine neden
olmustur.

Triptamin (TRPT) Uretiminde biberiyenin
nanoemiilsiyon formu (BNE) S. Paratyphi A susunda
kontol grubundan sonra en yiiksek TRPT {iretimi (9.67
mg/L) ile sonuclanmasi haricinde genel olarak tiim
muamele gruplari patojen suglarin TRPT {retimi
tuzerinde inhibe edici etkide olmusglardir. En ytliksek
inhibisyon orani yaklagik /4 oram1 ile S. aureus
susunda BNE grubunda gézlenmistir. K. pnuemoniae
ve FE. feacalis susunda ise BEO grubu BNE'ye gore
daha inhibe edici etkili olmasina ragmen bu farklilik
istatistiksel olarak énemli olmustur (p<0.05). Patojen
bakteriler arasinda P. damselae susunun TRPT
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tretimi aligilmigin disinda farklihiklar géstermistir.
Bu susta Tween 80 grubu en ylksek tretime neden
olurken bu farkhilik istatistiksel acidan ©nemsiz
olmustur. BNE grubunun TRP iiretimi (10.02 mg/L)
ise BEO'dan daha fazla (8.86 mg/L) olmustur. Grubun
en yiksek TRPT tiretimi bozucu sus olan E. feacalis'te
(32.91 mg/L) gbzlenmesine karsin en diisiik iiretim P,
luteola'da (1.04 mg/L) gozlenmistir. S. aureus ve E.
feacalis patojen suslarinda 2-feniletilamin (PHEN)
tretimi gézlenmemigtir. S. Paratyphi A'da ise dengesiz
bir Uretim s6z konusu olmustur ve en yiksek PHEN
uretimleri sirasiyla BEO, kontrol ve BNE gruplarinda
gbzlenirken Tween 80 grubunda uretim
gozlenmemistir (0 mg/l). K. pneumoniaéde ise
muamele gruplari PHEN iretimini baskilamis ve en
diisiik iiretim BEO grubunda (14.71 mg/L)
gbzlenmistir. Bozucu bakteriler grubunda ise biberiye
esansiyel yag1 ve bunun nanoemilsifiye formu £
feacalis ve S. Iiquefaciens suslarimin PHEN
uretimlerini yaklasik 13 kat inhibe edebilmislerdir.
Oransal olarak daha sonralar1 gelen en fazla
inhibisyonlar siwrasiyla P. Iuteola, V. vulnificus, P.
damselae ve P. mirabilis suglarinda gozlenmigtir.

Gidalarda oldukg¢a 6nemli olan biyojen aminlerden biri
histamindir (HIS). Ozellikle yagh baliklarda depolama
ile birlikte yiksek konsantrasyonu toksik etki
yaratmaktadir. Kontrol gruplarinda histamin tretimi
0.97 mg/L (S. Paratyphi A) ve 106.89 mg/L (K.
pneumoniae) arasinda degiskenlik gostermistir.
Biberiyenin tiim formlari ve Tween 80, tiim kullanilan
gida kaynakli patojenlerin ve bozucu bakterilerin HIS
uretimini baskilamigtir. Bu da biberiyenin 6zellikle
kolay bozulabilen balik gibi et tirtinlerinde enfeksiyona
yol acabilecek potansiyeli olan patojenlerin metabolit
uretimini baskiladigi gorilmektedir. Patojen grup
arasinda HDB igerisinde en yiiksek HIS tretimi K
pneumoniaede (106.89 mg/L) goézlenmistir. Bozucu
bakteriler arasinda ise genel olarak yuksek tretim
gozlenmesine karsin HIS dretimi 2.22 mg/L (P,
luteola) ile 188.55 mg/L (bozucu E. feacalis) arasinda
degismektedir. Lopez-Sabater ve ark. (1996) kiiltiir
ortaminda K. pneumoniaenin 216 ppm histamin
lirettigini belirtmistir. Chang ve ark. (2008) S. aureus
izolatlarinin kiltir ortaminda 12.7 ve 33.0 mg/kg
arasinda HIS tirettigini rapor etmistir. Ozogul (2011)
HDB'de histaminin gida kaynakli patojenler arasinda
sadece F. faecalis, K. pneumoniae ve L. monocytogenes
tarafindan iiretildigi (<0.58 mg/L) bildirmistir. K
pneumonia€nin histidinden ylksek oranda histamin
tirettigi (>3400 mg/L), E. faecalisin ise zayif histamin
tireticisi (<10 mg/L) oldugu bulunmustur (Ozogul &
Ozogul, 2007). Bu calismada K. pneumoniae ve patojen
E. faecalis sirasiyla 17.62-106.89 mg/L ve 1.34-9.28
mg/LL  histamin Uretmigtir. Gidalarda histamin
birikimi  ve histidin  dekarboksilaz aktivitesi
mikroorganizma tiirti, ortamdaki histidine ve
karbonhidrat konsantrasyonu (Arnold & Brown, 1978;
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Edmunds ve Eitenmiller, 1975), oksijen diizeyi,
vitaminler ve koenzimler, sicaklik, pH ve tuz
konsantrasyonu (Chen ve ark., 1989), ve kofaktér
olarak pyridoksal hidrokloridden (Taylor, 1986)
etkilenmektedir.

BNE basta olmak tizere BEO grubu da zaman zaman
kendi aralarinda bozucu E. faecalis, P. damselaeve V.
vulnificus tarafindan tretilen HIS iiretimini istatistiki
olarak o6nemli diizeyde arttirmistir. Genel olarak
bakildiginda kullanilan besi ortaminin histidin
dekarboksilaz sivis1 oldugu digtintildiigiinde histamin
uretimine olduk¢a miisait kogullar olmasi BEO ve
BNE'nin bu organizmalar tizerinde oldukg¢a etkili
oldugunu gostermektedir.

Bakteriler tarafindan serotonin (SER) ve dopamin
(DOP) iiretimi sirasiyla 2.42 ve 1.14 mg/L’nin tizerinde
olup, S. aureus (514.54 mg/L) ve K. pneumoniae
(104.16 mg/l) en yiiksek SER ve DOP iireten
bakteriler olmustur. Muamele gruplar: test edilen
bakteriler tarafindan SER ve DOP {retimini
engelleyici etkiye sahip olmustur. En yiiksek inhibitor
etki ise her iki amin acisindan S. aureus susunda
gbzlenmistir.

HDB i¢inde bozulma etmeni bakteriler arasinda
tiramin (TYR) tretim miktarinda kayda deger
miktarlarda tretim goézlenmemistir. HDB igerisinde
tiramin (TYR) iiretimine bakildiginda muamele
gruplar1 tim patojen organizmalarin TYR tiretimini
azaltmasina ragmen en yluksek inhibisyon yine S.
aureuste (2-21 kat) gozlenmistir ve patojen bakteriler
arasinda S. aureus tarafindan tiretilen TYR miktarini
kullanilan BEO ve BNE gruplar1 6nemli olgiide
engellemigstir. S. Paratyphi A ve E. feacalis suglari
kayda deger miktarda TYR tiretmemesine ragmen en
fazla iretim K. pneumoniae'de (24.28-69.78 mg/L)
gozlenmigtir. HDB icinde bozulma etmeni bakteriler
arasinda tiramin (TYR) tiretim miktarinda kayda
deger miktarlarda retim P. damselae (22.77-145.58
mg/L) ve P. mirabilis (2.25-41.98 mg/L) suslarinda
gozlenmigtir. Fakat patojen bakteriler arasinda S.
aureus tarafindan Uretilen tiramin miktarmi
kullanilan BEO ve BNE gruplar1 6nemli olgiide
engellemistir. Kucerova ve ark. (2009) siit ve
peynirden 1izole edilen Enterococcus tuyelerinin
gogunun tirosin dekarboksilaz aktivitesine sahip
oldugunu Dbildirmistir. HDB'de gida kaynakh
patojenler tarafindan TYR birikimi 1.1-13.4 mg/L
arasinda olmustur (Gokdogan ve ark., 2012). Bu
c¢alismada, kontrol grubunda tiramin uretimi 0.59
mg/L (patojen E. feacalis) ve 145.58 mg/L (P. damselae)
arasinda olmustur. BEO ve BNE gruplar1 genel olarak
TYR tretimini kontrol ve Tween 80 gruplarindan daha
fazla inhibe ederken ederken, P. mirabilis'te Tween 80,
BEO ve BNE gruplar1 benzer oranda etki etmiglerdir
ve bu minér farkliliklar istatistiksel olarak onemsiz
olmustur (p<0.05).

Kullanilan patojen ve bozucu bakteriler farkh
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oranlarda TMA turetmiglerdir. HDB icerisinde patojen
bakteriler arasinda en diisik ve en ylksek TMA
ureten bakteriler sirasiyla BNE varliginda 0.98 mg/L
ile E. feacalis ve kontrol grubunda 89.26 mg/L ile K.
pneumoniae olurken; bozucu bakteriler arasinda en
diisiik ve en yiksek TMA tureten bakteriler sirasiyla
BEO varhiginda 0.43 mg/L ile S. liquefaciens ve kontrol
grubunda 83.90 mg/L oraniyla P. Juteola olmustur.

Agmatin (AGM) arjininden direk olarak iiretilmekte ve
arjinin dekarboksilaz enzimi ile N-carbamoilputresine
doniismektedir (Burne ve ark., 2006). Histidin
dekarboksilaz sivisinda kontrol gruplar1 arasinda en
yiksek agmatin uretimi K. pneumoniae tarafindan
(42.15 mg/L) gerceklesmistir. Genel olarak AGM
iretimine bakildiginda ise yine kullanilan muamele
grubuna bagli olarak tim bakteriyel suslarda
inhibisyon s6z konusu olmustur.

SONUC ve ONERILER

Literatiir ¢alismalarina bakildigi zaman bu konuda
Turkiyede ve diunyada smrhi sayida c¢alisma
bulundugu gorilmektedir. Bu c¢alismada biberiye
esansiyel yagi ve bu yag kullanmilarak hazirlanan
nanoemiilsiyonlarin gida kaynakli patojen ve balikta
bozucu bakterilerin tiretmis olduklari biyojen aminlere
karst antimikrobiyal etkileri arastirilmig ve gida
sanayinde  kullanimimi  mumkin  kilacak ve
uygulanabilecek sonuclar bulunmustur. Sistem
igindeki esansiyel yag formu dikkate alindiginda,
bunun antibakteriyel 6zellikleri nanoemiilsiyon
sistemine dahil edilerek geligtirilmigtir.
Nanoemiilsiyon, test edilen c¢ogu bakteri tiirlerine
karg1 antimikrobiyal 6zellikler gostermistir, ancak bu
etkinin bakteriyostatik veya bakterisidal etki oldugu
gozlenmemigstir. Nanoemiilsiyon hazirlama yontemi ve
formiulasyonundaki gelisme, antibakteriyel
ozelliklerini daha da iyilestirmek i¢in daha fazla
arastirilmasi 6nerilmektedir.
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OZET

Bu arastirma, Kahramanmaras ilinde Agustos ayinda yagh tohum bitkisi
olarak hasat edilen Yekta, Linas, Dincer, Goktiirk, Zirkon, Olas, Balci
aspir gesitlerinin samanlarinin kimyasal kompozisyonlari, nispi yem
degerleri (NYD), in vitro gaz iiretimi (IVGU), metabolik enerji (ME) ve
organik madde sindirim (OMS) saptamak amaciyla yiiriitilmiistiir.
Aragtirma bulgular1 aspir samani c¢egitleri arasinda kimyasal
kompozisyon bakiminda 6nemli farkliliklar oldugunu ortaya koymustur
(P<0.001). Aspir samani ¢esitlerinin ham proteini (HP) %6.49-10.51, notr
deterjan lifi (NDF) %40.28-46.50, asit deterjan lifi (ADF) %34.79-39.73,
ham kiili (HK) %10.04-10.65, nispi yem degerleri (NYD) 116.79-142.67,
metabolik enerjisi 7.58-8.53 MdJ kgl KM, organik madde sindirimi
(OMS) %55.11-61.88, metan iiretim oram ise %10.68-11.94 araliginda
bulunmustur. Dinger ¢esidi HP orani %10.51 ve NDF oram %40.28, ADF
orani %34.79 ve NYD 142.67 degerleri ile 6ne gikmistir. Metabolik enerji
(ME) ve organik madde sindirimi (OMS) sirasiyla; 8.53 MJ kg'! KM
ve %61.88 olarak Linas ¢esidi 6ne ¢ikmigtir. Gaz lretimleri agisindan
Gokturk 33.91 ml, metan tiretim orani bakimindan Linas %10.68 ile one
cikmistir. Sonu¢ olarak cesitlerin potansiyel bir kaba yem kaynag:
olabilecegi, yem tiketim miktarlar: tizerine etkilerini gormek i¢in 1n vivo
calismalara gereksinim oldugu séylenebilir.

Comparison of Feed Value Characteristics of Safflower Straw Varieties

ABSTRACT

This research was carried out to determine the chemical composition,
relative feed values (RFV), in vitro gas production (IVGP), metabolic
energy (ME), and organic matter digestion (OMD). of the straw of Yekta,
Linas, Dinger, Goktiirk, Zirkon, Olas, and Balc1 safflower cultivars
harvested as oilseed plants in Kahramanmaras in August. (Research
findings revealed that there are significant differences in chemical
composition between safflower straw cultivars (P<0.001). Crude protein
(HP) of safflower straw varieties 6.49-10.51%, neutral detergent fiber
(NDF) 40.28-46.50%, acid detergent fiber (ADF) 34.79-39.73%, raw ash
(HK) 10.04%-10.65%, relative feed values (RFV) 116.79-142.67, metabolic
energy 7.58-8.53 MJ kg-! KM, organic matter digestion (OMD) 55.11-
61.88%, methane production rate 10.68-11.94%. The Dinger cultivar
stood out with its HP ratio of 10.51%, NDF ratio of 40.28%, ADF ratio of
34.79%, and NYD of 142.67. Metabolic energy (ME) and organic matter
digestion (OMD), respectively; Linas variety stood out with 8.53 MdJ kg-1
KM and 61.88%. In terms of gas production, Géktiirk stood out with 33.91
ml and Linas with 10.68% in terms of methane production. As a result, it
can be said that cultivars can be a potential source of forage and in vivo
studies are needed to see their effects on feed consumption amounts.

Zootekni
Aragtirma Makalesi

Makale Tarihgesi
Gelis Tarihi  :27.06.2022
Kabul Tarihi :11.09.2022

Anahtar Kelimeler

Aspir samani gesitleri

in vitro gaz Uretimi
Metan

Organik madde sindirimi

Animal Science
Research Article

Article History
Received
Accepted

:27.06.2022
2 11.09.2022

Keywords

Safflower Straw Varieties
1in vitro gas production
Methane

Organic matter digestion

Ataf Icin : Selguk, B., Bakir, T., Beycioglu, T., Kamalak, A., Killi, F. (2023) Aspir Samam Cesitlerinin Yem Degeri
Ozelliklerinin Kargilagtirlmasi. KSU Tarim ve Doga Derg 26 (2), 424-429. DOI: 10.18016/ksutarim
doga.vi.1136792.

To Cite:

Selguk, B., Bakir, T., Beycioglu, T., Kamalak, A., Killi, F. (2023) Comparison of Feed Value Characteristics of

Safflower Straw Varieties. KSU J. Agric Nat 26(2), 424-429. DOI: 10.18016/ksutarimdoga.vi.1136792.




KSU Tarim ve Doga Derg 26 (2), 424-429, 2023
KSU J. Agric Nat 26 (2), 424-429, 2023

Arastirma Makalesi
Research Article

GIRIS

Aspir (Carthamus tinctorius L), Dogu Akdeniz
bélgesinde yogunlukla yetistirilen ve tohumlar:1 hem
gida, hem de yagi i¢in kullanilan tek yillik yagh tohum
bitkisidir. (Stanford ve ark., 2001). Aspir tohumu
icerdigi enerji ve protein nedeniyle hayvan beslemede
kullanilabilmektedir. Ayrica hasat sonras1 kalan sap
ve samanida ruminant beslemede kullanilan 6nemli
bir kaba yem kaynagidir (Miindel ve ark., 2004). Aspir
bitkisinin sap ve saman kisimlar1 dikenli olmasi
nedeniyle kigiikbas hayvanlarin tiketimi i¢in daha
uygundur. Hasat sonrasi tarlada kalan otlar1 koyun,
keci ve sigirlarin degerlendirecegi bildirilmektedir
(Peiretti, 2017). Aspir tarlalarindan elde edilen otlar,
orta kalite meraya esdegeger olduguda
bildirilmektedir (Landau ve ark., 2005; Mir ve ark.,
2000). Diinya’ da yaklasik 1.000.000 ha. alanda aspir
tarim1 yapilmaktadir. Tiurkiye de 2014 yilinda yilinda
44.305 ha alanda aspir ekilmis ve 62.000 ton
tiretilmistir (FAO, 2016). Tirkiye de aspir ekimi
ozellikle son yillarda I¢ Anandolu bélgesinde
yogunlagmistir (Babaoglu, 2016).

Ruminant hayvanlarin rasyonlarina katilan kaba
yemlerin besin madde igerikleri ve rumende
mikrobiyel sindirime ugrama ve ne kadarinin
metabolik enerjiye donlistiigli ruminantlar i¢in hayati
bir 6neme sahiptir (Orskov & McDonald, 1979).
Ruminantlar sahip olduklari sindirim sistemleri
nedeniyle tukettikleri yemleri rumende
fermantasyona ugratarak metan (CH4) iiretimine
neden olur ve dogaya salimir. Bu salinim yolu ile
yemlerin %12-16 aras1 enerji kaybina neden olur
(IPCC, 2001; Oztiirk, 2008). Bu yiizden ruminant
rasyonlarinda diigsiik metan tiretimine sahip, yemlerin
tercih edilmesi gerekmektedir (Lépez ve ark., 2010;
Bilal & Kamalak, 2022). Ayrica kaba yemlerin bicim
zamani, olgunluk dénemi ve bu yemlere uygulanan
yontemler Ogilitme, kurutma, soldurma vb. gibi
igslemler bu yemlerin potansiyel besleme degerleri ve
fermantasyon parametreleri tuzerine oldukga etki
gostermektedir (Doane ve ark., 1997; Filya ve ark.,
2002; Sanderson ve ark., 1997). Aspir ile otlatilan
Avustralya sigirlarinin uygun canli agirhk artisi
gosterdigi yapilan calismalar bulunmaktadir (French
ve ark., 1988). Stanford ve ark. (2001) yaptiklar
arastirmada Kanada koyunlarini ayr1 ayri ¢igeklenmis
aspir ve yonca otu ile besleyerek iki besleme grubuna

ayirmiglardir. Cigeklenmis aspir otu ile beslenen
koyunlar yonca otu ile beslenen koyunlarla
kiyaslandiginda dogurganhg arttirdigini

bildirmiglerdir. Landau ve ark. (2004)de yaptiklari
calismada sut sigirlarn rasyonlarina %20 oraninda
aspir silaji eklemiglerdir ve siit sigirlar: i¢in potansiyel
bir kaba yem kaynagi olarak kullanilabilecegini rapor
etmiglerdir.

Bu c¢alismada Agustos ayinda hasat edilen aspir
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cesitlerinin (Balci, Yekta, Linas, Dinger, Goktiirk,
Olas, Zirkon) besin madde bilesimi, in vitro gaz
uretimi, metabolik enerji, organik madde sindirimi ve
nispi  yem degerlerinin belirlenmesi amagiyla
planlanmigtir.

MATERYAL ve METOD
Yem ve Rumen Sivis1 Materyali

Arastirma materyali Kahramanmaras ilinde Agustos
ayinda hasat edilen aspir ¢esitlerinin samanlar1 (Balci,
Yekta, Linas, Dincer, Goktiirk, Olas, Zirkon)
olugsturmustur. Aspir samanlar:1 1 mm elekten gegecek
sekilde ogutiilerek denemede kullanilmigtir. Rumen
sivist Kahramanmaras ilinde bulnan mezbahadan
alinmigtir. Rumen sivisi ii¢ bas ivesi irki kesilmisg
koyun rumeninden alinmig ve 39°C’ye ayarh termosla
laboratuvarina getirilmistir (Kilic ve Abdiwali 2016).

Sekil 1. Aspir samani
Figure 1. Straw of safflower

Sekil 2. Aspir tohumu
Figure 2. Seed of saftflower

Kimyasal Analizler

Bu c¢alismada aspir samani c¢esitlerinin kimyasal
bilesimi kuru madde (KM), ham kiil (HK), ham yag
(HY), ham protein (HP) AOAC, (1990) tarafindan
bildirilmis yontemlere gore, Notral Deterjan Fiber
(NDF) ve Asit Deterjan Fiber ADF Van Soest ve ark.,
(1991) tarafindan bildirdigi metoda gére yapilmistir.
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In vitro gaz ftretimi 6lciimleri (kullamlan 6rnek
miktar: 0.2 g KM) Menke ve ark., (1979) bildirdikleri
yontemle; metabolik enerji (ME) ve organik madde
sindirimi (OMS) ise Menke ve Steingass (1988)
bildirdikleri yéntemle saptanmigtir. Yemlerin nispi
yem degerlerinin (NYD) belirlenmesi icin Van Dyke ve
Anderson  (2000)’un  bildirdigi  esitlikler ile
belirlenmigtir. Kuru madde sindirilebilirligi %KMS
degerinin  belirlenmesinde = ADF  degerlerinden
faydalanilarak, kuru madde tiikketimi %KMT degeri ise
NDF degerlerinden yararlanilarak hesaplanmigtir.

ME (MJ kg KM) = 1.06 + 0.1570 x GU + 0.084x HP +
0.220 x HY—- 0.081 x HK 6))

OMS (%)= 28.49 +0.7967 x GU +0.325 x HP (2

GU: 24 saat inkiibasyon sonucundaki érneklerin (200
mg KM) gaz iiretimi (ml)

HP: Ham protein (%) (g kgt KM)
HY: Ham Yag1 (%) (g kgt KM)
HK: Ham Kil (%) (g kgt KM)

% KMS= 88.9-0.779 x % ADF) 3
9% KMT= 120 / NDF - @

% KMT ve % KMS oranlar1 belirlendikten sonra
NYD’leri agagida yer alan formil ile hesap edilmigtir.

NYD=% KMS x% KMT x0.775 (5)

Istatistik Analizler

Aragtirma elde edilen verilere varyans analizi
uygulanmig ve bu amacla SPSS 20.0 (2011) paket
programindan yararlanigmigtir. Ortalamalar aras:
farklihiklarin  ortaya konmasinda Duncan ¢oklu
karsilastirma testi kullanilmistir (Duncan, 1955).

Cizelge 1. Aspir samamn cesitlerinin kimyasal bilesimleri

Table 1. Chemical contents of satflower straw varieties

BULGULAR ve TARTISMA
Yemlerin Kimyasal Kompozisyonlari

Arastirmada kullanilan aspir samani c¢esitlerinin
kimyasal bilesimleri saptanmis ve Cizelge 1'de
verilmigtir.

Aspir samanlarini besin madde bilesimleri aras:
farklhiliklar 6nemli bulunmustur (P<0.001).

Ruminantlarin rumenlerinde yeterli mikrobiyal
faaliyet igin rasyon veya yemlerinde ki protein seviyesi
en az %7 ve lzeri olmasi gerektigi belirtilmektedir
(Cappellozza, 2013). Arastirmada kullamilan aspir
samani ¢esitlerinin en 6nemli besin maddesi olan HP
icerikleri %6.49 ile 10.51 arasinda degismistir. En
yiksek HP igerigi %10.51 ile dinger c¢esidinde
gorilirken, en disik HP igerigi %6.49 ile balc
¢esidinde saptanmigtir. Aspir g¢esitlerinin icerdikleri
HP seviyeleri rumendeki mikrobiyal faaliyetin uygun
bir sekilde gergeklesmesi i¢in balci ¢esidi harig yeterli
oldugu soOylenebilir. Ham protein diizeylerinin
belirlendigi benzer ¢calismalarda Cagr1 ve Kara, (2018)
%3.74, Akpinar (1999) %11.2 olarak bildirmislerdir.
Calismada kullanilan aspir samani cesitlerinin HP
degerlerinin bildirilen degerlerin icerisinde
bulunmustur. Cesitler arasindaki farkliligin c¢esit,
hasat zamani ve yetistirilen bélgenin iklimsel
ozelliklerinden kaynaklandig: séylenebilir.

Aspir saman cesitlerinin ham kiil (HK) icerikleri
%10.04 ile 10.65 arasinda degismis ve en disiik zirkon
¢esidinde %10.04 olurken, en yiiksek %10.79 ile linas
cesidinde tespit edilmistir. Ham kiil degerleri ile ilgili
benzer calismalarda Akpinar (1999) %7.9, Cagr1 ve
Kara (2018) %7.71 olarak belirtmiglerdir. Aspir
samani ¢esitlerinin HK igerigi bildirilen degerlerden
daha yiiksek saptanmigtar.

Parametreler KM HK HY HP NDF ADF

Yekta 91.79+0.032¢d  10.65+0.177abc  3.75+0.109bc  8.74+0.040bc  44.31+0.718>  39.24+0.1612
Linas 92.15+0.027>  10.79+0.3382>  3.56+0.162¢ 8.01+0.005¢ 43.36+0.147¢ 36.80+0.104P
Dincer 91.39+0.082¢ 11.29+0.2212 3.81+0.390bc 10.51+0.0852  40.28+0.0814  34.79+0.643¢
Goktirk 92.61+0.0342  10.34+0.185bc 3.87+0.408bc  7.44+0.0464 45.25+1.0552>  39.39+0.317=
Zirkon 91.94+0.035¢ 10.04+0.240¢ 4.41+£0.0772b  7.924+0.344¢ 45.87+0.5552>  39.73+0.084»
Olas 91.85+0.044<d  10.35+0.142bc 4.66+0.1622 7.24+0.0804 43.21+0.280¢ 37.48+0.498b
Bala 91.76+0.0574  10.26+0.058bc 4.25+0.0992bc  6,494+0.114¢ 46.50+0.2442 39.15+0.3452
SEM 0.068 0.298 0.338 0.206 0.775 0.514

OS *dk * OD *kk *kk *kk

*¢There is no difference between the means indicated by different letters in the same column (P< 0.05). SEM: Standard error
mean. O.S.: Level of importance. O.D.: Nonsignificant. *: P< 0.05. ***:P< 0.01.

Rumende sindirimi zor olan asit deterjan lif (ADF)’in
rasyonlarda diisiik olmasi istenmektedir (Van Soest,
1994). Rasyonda ADF  seviyesinin  artmasi,
ruminantlarda tokluk hissine neden olarak yem
tiketiminin diigmesine ve buna bagh olarak
hayvanlarin  yemin enerji ve  proteininden
yaralanmanin diismesine neden olacagi
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bildirilmektedir (Yavuz, 2005). Buna gore ruminant
rasyonlarinda ADF'nin %21 ile 30 arasinda olmasinin
gerektigi belirtilmektedir (Anonim, 2011). Aspir
saman1 g¢esitlerinin ADF oranlar1 %34.79-39.73
arasinda bulunmustur. En disiik ADF orami %34.79
ile dinger cesidinde, en ylksek ise %39.73 zirkon
¢esidinde saptanmigtir. Yapilan diger c¢alismalarda
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ADF oran1 Stanford ve ark., (2001) %23.3, Cagr1 ve Aspir samam ¢esitlerinin ADF orani ruminant
Kara, (2018) %44.29 olarak rapor etmislerdir. rasyonlarinda istenilen optimum ADF oraninin
Arastirmada degerlendirilen aspir samani ¢esitlerinin ustiinde olmustur.

ADF orani bildirilen degerler arasinda bulunmustur.

Cizelge 2. Aspir samanlarinin kuru madde sindirimi (KMS), kuru madde tiiketimi (KMT) ve nispi yem degerleri

(NYD)

Table 2. Dry matter digestibility (DMD), dry matter consumption (DMC) and relative feed values (RFV) of safflower

straws
Parametreler KMS KMT NYD
Yekta 58.32+0.128¢ 4.20+0.045abc 122.45+1.837¢
Linas 60.23+0.0822 4.60+0.0082 129.17+0.614b
Dinger 61.80+0.5002 4.04+0.0052bc 142.67+0.9012
Goktirk 58.21+0.250¢ 3.83+0.063bc 119.80+3.369¢d
Zirkon 57.94+0.065¢ 4.44+0.0322 117.50+1.500¢d
Olas 59.70+0.388P 3.72+0.017¢ 128.49+1.428P
Bala 58.40+0.270¢ 4.34+0.0142b 116.79+0.2044
SEM 0.401 0.047 2.407
OS *kk *kk *kk

a‘dTherq is no difference between the means indicated by different letters in the same column (P< 0.05). SEM: Standard error
mean. O.S.: Level of importance. O.D.: Nonsignificant. ***:P< 0.01.

Aspir samani cesitlerinin NYD degerleri 116.79 ile prametrelerdeki farkhiliklar .dner.nli bulunmustur
142.67 arasinda tespit edilmis ve en diusik NYD .(P<(.)-05): Aspir __samani gesitlerin  metan (CH4)
116.79 balet cesidinde, en yiiksek ise 142.67 ile dincer icerikleri %10.68 ile11.94 arasinda meydana gelmis ve

cesidinde bulunmustur. Nispi yem degeri gore dincer, en digiik CHs tiretimi %10.68 ile olas cesidinde, en
linas ve olas 1. kalite yem standardinda olurken, yiksek CHs tretimi ise %11.94 ile linas saman
yekta, goktiirk, zirkon ve balc1 cesitleri 2. kalite yem ¢esidinde olugmustur. Yemlerin Urettikleri CHa
standardinda oldugu hesaplanmistir (Cizelge 2). igeriklerinin smiflandirilmasinda Lépez ve ark.,

(2010ra gore (>%11 ve <%14) arasinda ise diisiik
Samanlarin Fermantasyon Parametreleri, Metabolik ant@metanojen%k, (>%6 ve <%11) arasmdg ise orta
Enerji ve Organik Madde Sindirimi antimetanojenik ve (>%0 ve <%6) arasinda ise yiiksek

antimetanojenik karaktere sahip oldugunu rapor
etmiglerdir. Aspir samani gesitleri bu siniflandirmaya
gore dusiik metanojenik karaktere sahip oldugu
soylenebilir. Aspir samani gesitlerinin digik CHa
uretim potansiyeli oldugu goriilmustur.

Aspir samani gesitlerinin 24 saatlik fermantasyon
sonrasi fermantasyon parametreleri, metabolik enerji
ve organik madde sindirimi saptanmis ve Cizelge 3’te
verilmistir.

Aspir samani cesitler arasinda saptanan
Cizelge 3. Aspir samani cesitlerinin gaz (ml), metan (ml), metan (%), metabolik enerji (ME) ve organik madde

sindirimi (OMS)

Table 3. Gas (ml), methane (ml), methane (%), metabolizable energy (ME) and organic matter digestion degrees
(OMD) of safflower straw varieties

Parametreler Gaz(ml) Metan(ml) Metan(%) ME OMS(%)
Yekta 36.91+0.881ab 4.20+0.111abe 11.37+0.035ab 8.06+0.107ab 58.56+0.798ab
Linas 40.91+0.3332 4.60+0.0562 11.25+0.058ab 8.53+£0.0082 61.88+0.4672
Dinger 34.58+2.4032 4.04+0.3563bc 11.66+0.3922 7.86+0.340ab 57.69+2.2432b
Gokturk 33.91+0.333P 3.83+0.056bc 11.31+0.0662b 7.58+£0.044b 55.11+0.331P
Zirkon 37.25+1.732ab 4,44+0.1812 11.94+0.1582 8.21+0.254ab 58.09+1.708ab
Olas 34.91+2.027" 3,72+0.151¢ 10.68+0.276P 7.88+0.295ab 55.91+1.879b
Bala 37.25+0.577ab 4,34+0.105ab 11.67+0.4202 8.07+0.079ab 57.60+0.525ab
SEM 2.015 0,246 0.355 0.286 1.906

0.8 0.D. * 0.D. 0.D. 0.D.

acThere is no difference between the means indicated by different letters in the same column (P< 0.05). SEM: Standard error
mean. O.S.: Level of importance. O.D.: Nonsignificant. *: P<0.05.

Aspir samam cesitlerinin metabolik enerji degerleri (;es%d%nde, en yiikse.k i.se.8.53 MJ kg KM il'e 1ir}as
7.58-8.53 MJ kg! KM arasinda bulunmustur. En gesidinde tespit edilmistir. Benzer sekilde in wvitro
diisik ME degeri 7.58 MJ kg! KM ile goktiirk ¢alismalarda hesaplanan ME degerleri Cagr1 ve Kara,
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(2018) 6.81 MJ kg KM ve Vermorel, (1978)’a gore 11.4
MJ kg! KM olarak bildirmiglerdir. Cesitlerin ME
degerleri arastiricilarin bildirdikleri ME degerleri
arasinda bulunmustur.

Aspir samam cesitlerinin OMS dereceleri %55.11 ile
61.88 arasinda saptanmig ve en disik OMS %55.11 ile
goktlurk cgesidinde bulunurken, en yiiksek ise %61.88
ile linas cesidinde tespit edilmistir. Landau ve ark.,
(2004) Aspir samammin OMSmi %62.5 olarak
bildirmistir ve denemede kullanilan aspir samani
cesitlerinin  OMS’i ile benzer bulunmustur.
Aragtirmadaki bulgular1 aspir samani ¢esitlerinin
ruminantlar igin degerli bir kaba yem potansiyeli
oldugu sdylenebilir (Vonghia ve ark., 1992; Stanford ve
ark., 2001).

SONUC ve ONERILER

Aragtirmanin konusu olan aspir samani ¢esitlerinin
kimyasal bilesimleri ve NYD acgisindan farklarin
onemli derecede oldugu saptanmistir (P<0.01). Aspir
samani cesitlerinin HP degerleri rumen
mikroorganizmalar: gelisimi i¢in balci ¢esidi hari¢ tek
basina yeterli diuzeyde oldugu soylenebilir. Sonug
olarak aspir cesitlerinin sadece endustride yagli tohum
bitkisi olarak degil, sap ve saman kisimlarinin
ruminantlara ucuz kaba yem kaynag olarak
kullanilabilecegi, diusiik antimetanojenik etkiye sahip
olmalarindan dolay1 ruminantlardan kaynakli kiiresel
1sinmaya neden olan CH4 saliniminda aspir samamn
¢esitlerinin rasyonlarda ilave bir kaba yem kaynagi
olarak kullanilmasi durumunda ruminantlar igin
avantaj saglayabilecegi kanaatine varilmigtir. Ayrica
aspir samani ¢esitlerinin hayvan performansina, kuru
madde alimina, laktasyon doénemine, dogurganhk
oranlarina  etkilerinin ve rasyonlarda hangi
diizeylerde kullanilabilmesinin belirlenmesi igin in
vitrove in vivo ¢calismalara gerek oldugu soylenebilir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmas1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini1 beyan ederler.
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ABSTRACT

The aim of this study is to examine the relationship between the total
length and standard lengths with live weight of the freshwater pikeperch
growing in the Beysehir Lake population using four mathematical
models. 50 female fish materials of marketable size limit age were used.
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Research Article
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tests and comparison criteria of the models. According to the study Mathematical models
results, the total length gives more accurate estimates than a standard Total length

length in the estimating live weight. As a result, it was concluded that Fish

other models might provide better results than the power model, and they Standard length
were suggested to be used in estimating the live weight of pikeperch fish. Pikeperch

Beysehir Golii Populasyonundaki Sudak (Sander Lucioperca Linnaeus, 17.58) Baliklarinin Viicut
Uzunlugu ile Canli Agirliklar: Arasindaki Iligkilerin Matematiksel Modellerle Incelenmesi

OZET Zootekni

Bu calismanin amaci, Beysehir Goli popllasyonunda yetisen tathh su

levreklerinin total boy ve standart boylarinin canli agirlik ile iligkisini Aragtirma Makalesi

dort matematiksel model kullanarak incelemektir. Bunun igin

pazarlabilir boy limiti ¢aginda bulunan 50 disi balik materyali kullanalda. Makale Tarihgesi

Elde edilen veriler tahmin (%70) ve test (%30) verileri olmak {izere iki Gelig Tarthi  :25.10.2021
gruba ayrildi. Uygulanan modeller tistel azalma, ustel ve Wood modelleri Kabul Tarihi :14.01.2022

olmakla birlikte bu tur arastirmalarda genellikle tercih edilen gl

modelidir. Modellerin kargilastirma kriterleri ve uyum iyiligi testleri Anahtar Kelimeler

olarak R2, R2adj, RMSE, AIC, BIC ve MAPE degerleri kullanilmigtir.

Matematiksel modeller

Calisma sonuclarina gore, total boy, canli agirlik tahmininde standart Total boy

boydan daha dogru tahminler yapmaktadir. Sonu¢ olarak, diger Bahk

modellerin gii¢ modelinden daha iyi sonuglar verebilecegi sonucuna Standart boy
Sudak

varilmig ve su levreklerinin canli agirhginin tahmininde kullanilmasi

onerilmigtir.
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INTRODUCTION

Many climates and ecosystems worldwide negatively
affected by the increase of global warming. The
changes in the ecosystem cause a rapid depletion of
natural resources and therefore, humans seek new
nutrition resources. The most valuable and expensive
structures in the human diet are proteins and fats

which sometimes they could be insufficient in the diet.
The important thing in human nutrition is consuming
foods that contain high amounts of essential amino
acids and fat profiles. Fish have become a strategic
product in human nutrition as a food source due to
their high amount of protein, unsaturated fatty acids,
essential amino acids and fatty acids contents
(Tekingen & Gokmen, 2007). Fish contain 64-84%
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water, 15-24% protein, 0.1-22% oil, 0.8-2% mineral
substance, and around 1% carbohydrate (glycogen)
(Nettleton, 2000).

Turkiye is surrounded by sea on three sides and the
presence of many fresh water, ponds and dams, makes
it very suitable for natural and artificial aquaculture.
Commercially important fish species are vaccinated,
especially in inland ponds.(Numann, 1958). In the
largest freshwater source of Turkey, namely Beysehir
Lake six different fish species are observed and one of
them is pikeperch, which i1s commercially important
(Sander lucioperca Linnaeus, 1758) (Numan, 1958).
The vaccination of pikeperch fish was made in 1978
(Timgelir, et al., 2007).

It i1s important to know the relationship between
length and live weight for fish hunt. In the official
newspaper of the Ministry of Agriculture and Rural
Affairs in 2008, fish caught in inland and sea waters
were specified by fishing season and the lengths of the
fish. In this context, the minimum total length for the
fishing of pikeperch (8. Lucioperca) was determined as
26 cm, and their fishing was prohibited in all regions
between 15 March - 30 April (Anonymous, 2008). In
terms of hunters, the mathematical modeling of the
relationship between length and live weight for
pikeperch fish is of economic importance (Anderson &
Neumann, 1996).

The use of linear models prevents accuracy in live
weight estimation because living beings’
characteristics are generally non-linear. Mathematical
modeling of body length and live weight relationships
can usually be done more accurately with the help of
nonlinear modeling. Determining the relationship
between body length and live weight provides essential
information about the ecology of a species (Anderson &
Neumann, 1996).

Today, with the development of technology and
computer programs, the live weights of the fish have
been estimated by using different input variables by
researchers. For example, other body measurements
and images could be used as input variables in live
weight estimations (Fisher et al., 1996; Cinar et al.,
2006; Daniela et al., 2015).

This study aims to explain the relationships between
the total and standard lengths with the live weight of
the pikeperch fish caught in Beysehir Lake with
mathematical models.

MATERIAL and METHOD
Data Set

The sampling was done in Beysehir Lake, which is
located within the borders of Beysehir district of Konya
province (Figure 1). Beysehir Lake is Turkey's largest
freshwater resources (Cinar et al., 2006). It is located
between the coordinates of 37° 33'-37° 59'N, 31° 19'-31°
44'E, has an 650 km? surface area approximately, 1115
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m altitudeabove sea level, and has a length of 45 km
and a maximum width of 25 km,

Figure 1. The study area, Beysehir Lake
Sekil 1. Caliyyma alani, Beysehir Gélii

The research material was obtained from the
fishermen who caught pikeperch fish (Sander
lucioperca Linnaeus, 1758) in the 2018 fishing season
from Beysehir Lake with their nets. The age of the fish
was determined by considering the age of the
marketable length limit, while the sexes of the fish
were defined according to the fin tips and vent
structure (Anonymous, 2008). The study material
consists of the total length, standard length, and live
weight data of 50 female pikeperch fish of the
marketable size limit age (Figure 2).

»

Figure 2. Body measurements (1 — Standard length, 2
— Fork length, 3 — Total length)
Sekil 2. Boy dlgiileri (1- Standart boy, 2- Catal boy, 3-
Total boy)

Mathematical Models

We wused the power and exponential functions
(Archontoulis & Miguez, 2015) and Wood function
(Wood, 1967) to describe the weight-length relation Eq
(1-4):

Power function: W = aX? (1)
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Exponential (decay) function: W = ae'™2%’ (2) Mean Absolute Percentage Error:
100% Y, — Y,
Exponential (gives rise to maximum) function: MAPE:—OZ % ®)
W = a1 — 5] ) o
b (—cx) Akaike Information Criteria:

Wood function: = Lo 4 n

ood function: W = aX"e (4) AIC=InFZ(yi—)7i)Z}+ 2p ’(E<4oj 9)
In the study, these models were widely preferred in the N n—(p+1) \p
growth curves created using live weight. Where W i1s Bayes Information Criteria:
the standard weight in g, and X is the length of fish in (10)

cm, such as total length (TL) and standard length (SL),
a, b and ¢ parameters define the shape of the curve and
the magnitude of the W value.

For parameter estimation Levenberg-Marquardt
algorithm (Levenberg, 1944; Marquardt, 1963) was
used.

Model Selection Criteria

Different statistical criteria can be used to find the best
model. The following criteria (Eq. (5) -Eq.(10)) were
used to compare the above models (Burnham &
Anderson, 2002; Mendenhall & Sincich, 2012;
Archontoulis & Miguez, 2015; Gok et al., 2019).

Z(Yi -V )2

i=1

Z:ﬂ(yi _7)2

Adjusted Coefficient of Determination:

Ry =1-(1-R*) 1=

(5)

Coefficient of Determination: R2 —1—

(6)

Z::l(yi -Yi )2 )

Root Mean Squared Error: RMSE = 1
n-p-

Table 1. Data sets used for mathematical models

Cizelge 1. Matematiksel modeller i¢in kullanilan veri seti

BIC = In{li(yi —yi)2}+ﬁlnn
n i=1 n

In the above-given Eq.1-6; n! is the number of samples,
p: is the number of parameters in the model, yi: shows
the standard weight of ith sample, y: shows average

standard weight, j: shows estimated standard weight.
The highest value of the R®and R, and the lowest

value of the others were considered in determining the
best model.

In the study, Excel 2013 package for Windows was
used for the data preparation and STATISTICA 13.2
statistical package was used to estimate the
parameters included in the models.

RESULTS and DISCUSSION

Before the models were applied, the data set was
divided into two groups an estimation and test data
using the cross-validation method (Table 1). After the
models were applied to the estimation data set, the
parameters were found for the models. Then by using
these models, the live weight was estimated according
to the test data. In Table 1, descriptive statistics of
estimation (n=35), test (n=15), and all (n=50) data sets
were given. The average live weight (W) of the studied
fish was 343.40 + 15.36 g, total length (TL) 34.12 + 0.52
cm and standard size (SL) 28.22 + 0.42 cm.

Data N | Descriptive Statistics Total Length (cm) | Standard Length (cm) | Live Weight (g)
Mean+SE 34.01+0.59 28.15+0.47 340.90+17.36
. ) Std. Deviaton 3.50 2.78 102.70
Estimation 35 —
Minimum 28.00 23.50 195.00
Maximum 40.50 33.50 540.00
Mean+SE 34.37+1.11 28.40+0.91 349.30+32.30
Test 15 Std. Deviaton 4.29 3.53 125.10
Minimum 28.00 23.00 170.00
Maximum 41.00 33.50 565.00
Mean+SE 34.12+0.52 28.22+0.42 343.40+15.36
Std. Deviaton 3.71 2.99 108.60
Total °0 NMfinimum 28.00 23.00 170.00
Maximum 41.00 33.50 565.00

Table 2 shows the prediction models and parameters
obtained after the application of the models to the
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estimation data set. As seen in Table 2, Wood model
has three parameters, while power, exponential decay,
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and exponential models have two parameters.
Parameters a, and b obtained for the power model
using the total length as predictor are respectively;
0.000013 and 2.886. In this study, the a and b
parameter values for power model were similar to the
parameters obtained by Fisher et al., (1996). Fisher et
al.,, 1996 investigated the relationship between the
total length and standard weight of burbot fish (lota

Table 2. Estimated model parameters by estimation data
Cizelge 2. Tahmin verilerine gore tahmini model parametreleri

lota) in North American populations. The parameters
of the power model were also similar to the power
model parameters applied to pikeperch fish by Cinar
et al., 2006. The power model was also used by Daniela
et al., 2015, for the estimation of the length-weight
relationship of the endemic barbus tyberinus
bonaparte fish and the parameters were found as a =
0.138 x 104, b = 2.940.

X is the total length X is the standard length
Models Mathematical expression Parameters Parameters

a b c a b c
Power W = aX? 0.000013 | 2.886 - 0.000019 | 2.921 -
Exponential decay | W = ge'~ 2%’ 0.019857 | -0.082 0.019413 | -0.100
Exponential W = a[l — e'i-bx}] -0.026199 | -0.077 -0.025423 | -0.093
Wood W = qxbel—cx) 0.01208 | 0.162 | -0.080 4.55 -2.36 | -0.18

Evaluation criteria for the models used in the study are
given in Table 3. It could be stated that the best model
for estimation data is the power and Wood model.
Considering that the number of model parameters are
different, it could be observed that the adjusted
determination coefficient is more efficient than the
coefficient of determination. The highest R2 value is

found in the Wood model, but in R2adj, the power
model and the Wood model are evaluated similarly.
The Wood model could be chosen for all model
goodness-of-fit criteria (R2adj, RMSE, AIC, and BIC)
(Table 3). In the test data, the exponential decay model
and the exponential model gave the best results in
evaluatingall data (Table 3).

Table 3. Selection criteria for each model based on total length as predictor
Cizelge 3. Tahmin edici olarak total boya dayali her model i¢cin se¢im kriterleri

Model [ p] R | R%Wg | RMSE | MAPE | AIC | BIC
Estimation n=35
W = ax? 2 0.9599 0.9587 0.0212 2.6850 -7.6715 -7.5933
= ge'~bX) 2 0.9540 0.9526 0.0227 2.8804 -7.5350 -7.4568
= a[l — e'i-bx}] 2 0.9555 0.9542 0.0223 2.8163 -7.5685 -7.4903
= gXPel—ex) 3 0.9611 0.9587 0.0212 2.6408 -7.6337 -7.5225
Testing n=15
= aXx? 2 0.9548 0.9513 0.0287 1.3540 -6.9894 -6.9617
= ge'~bX) 2 0.9570 0.9537 0.0280 1.5980 -7.0391 -7.0114
= a[l — e'i-bx}] 2 0.9569 0.9536 0.0280 1.5436 -7.0380 -7.0103
= qxPel—cx) 3 0.9569 0.9498 0.0293 1.5420 -6.8262 -6.8300
Overall n=50
= ak? 2 0.9161 0.9144 0.032 4.907 -6.853 -6.781
= qe'~bX) 2 0.9540 0.9531 0.024 3.4467 -7.4545 -7.3832
= a[l — e'i-bﬂ] 2 0.9546 0.9536 0.024 3.4674 -7.4661 -7.3948
W = aqxtel—cx) 3 0.9551 0.9532 0.024 3.4127 -7.4320 -7.3277

When the standard length is used as the predictor, it
gives the best result as the power model for estimation
data, exponential decay for the test data, and power
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model for all the data (Table 4). However, the total
length had better results than the standard length as
a predictor in weight estimation.
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In Figure 3, line plots of live weight predicted by total
length and standard length with overall, estimation
and testing data were drawn.

CONCLUSION

Mathematical modeling of the live weight of fish using
their body length enables the estimation of the live
weight they will reach throughout their lives. Yield
prediction requires a long time and high costs because
proper breeding can take many years. Therefore, the
estimation method with mathematical models provides

time and cost advantages. The power, exponential
decay, exponential and Wood models analyzed in the
study were evaluated with the goodness of fit criteria
such as MAPE, RMSE, R2 and R2adj. The exponential
model showed the best fit in all data. Using AIC and
BIC model selection criteria also exponential model
appears to be the best. As a result, it can be said that
the weight of female pikeperch fish in the age of
marketable height limit in Beysehir Lake can be
estimated with high accuracy by using their height.
The proposed models could also be tested in other fish
species.

Table 4. Selection criteria for each model based on standard length as predictor
Cizelge 4. Tahmin edici olarak standart boya dayali her model i¢in se¢cim kriterleri

Model | p|] R | RaWy | RMSE | MAPE | AIC | BIC
Estimation n=35

W = aX? 2| 0.9246 0.9223 0.0291 4.1768 -7.0409 -6.9627
W = qe' 2% 2| 09173 0.9148 0.0304 4.3116 -6.9485 -6.8704
W = a[l — e'i-bxl'] 21 0.9190 0.9166 0.0301 4.2846 -6.9696 -6.8915
W = qxlel—cx) 3| 0.9264 0.9218 0.0292 4.1523 -6.9959 -6.8847
Testing n=15

W = aX? 2 0.9151 0.9086 0.0394 1.9476 -6.3598 -6.3321
W = ge'—2%) 21 0.9205 0.9143 0.0381 1.9278 -6.4246 -6.3969
W = a[l — e'i-bxl'] 21 0.9198 0.9136 0.0383 1.9242 -6.4159 -6.3882
W = qkbel—cx) 31 0.9200 0.9067 0.0399 1.9219 -6.2072 -6.2111
Overall N=50

W = aX? 21 0.9205 0.9188 0.0313 4.8489 -6.9059 -6.8345
W = ge'—2%) 2| 0.9176 0.9158 0.0319 4.8081 -6.8701 -6.7988
W = a[l — e'i-bxl'] 21 0.9184 0.9167 0.0317 4.8167 -6.8809 -6.8096
W = aXbel-cx) 3| 0.9181 0.9146 0.0321 4.8123 -6.8315 -6.7272

Weight (kg)

3 7 23 .7)‘\-‘” (,(,' 39 1‘<' "-|.' ”"1
- Observed -=- Power
— Exponential =+ Wood
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Figure 3. Line plots of live weight predicted by total length (a, c, ) and by standard length (b, d, f) with overall, estimation and

testing data

Sekil 3. Total boy (a, c, e) ve standart boy (b, d, f) ile tahmin edilen canli agirligin, tahmin ve test verilerine ait ¢izgi grafikleri
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ABSTRACT

This study was carried out to investigate the effects of feed value and dry
matter (DM) on rumen degradability properties of silages of oat (Avena
sativa L) cultivars (Kahraman and Kirklar) at different harvest stages
(pre-flowering, flowering, milk, soft dough). Field and digestibility trials
were carried out in randomized blocks, in a 2x4 factorial trial design
during the 2016-2017 vegetation period. For the rumen digestibility of
silages, three heads of Karayaka rams with rumen cannulated, average
50+3 kg body weight and 3 years old were used. As a result of the
experiment, It was observed that the crude protein (CP) level of
Kahraman cultivar was higher than that of Kirklar cultivar, and the CP
content of cultivars decreased from the pre-flowering period to the soft
dough period. In addition, with the progress of the growing period, the
neutral detergent fiber (NDF) content of the varieties increased. Also, the
net energy lactation (NEL) level of Kirklar cultivar was higher than
Kahraman cultivar. However, the NEL levels of the cultivars decreased
with the progression of the growing period. The water solubility of DM
and CP of Kahraman cultivar was higher than that of Kirklar cultivar.
In addition, effective dry matter degradability (EDMD) decreased with
growth period in both cultivars. It was observed that the effective crude
protein degradability (ECPD) rate of Kahraman cultivar was higher than
that of Kirklar cultivar and ECPD rate of cultivars decreased with the
progress of the growing period. As a result, Kahraman cultivar may be
preferred more than Kirklar cultivar, since it has higher EDMD and
ECPD in the rumen and also has higher RFV value.

OZET

Bu caligma, yulaf (Avena sativa L.) gesitlerinin (Kahraman ve Kirklar)
farkli hasat dénemleri (¢iceklenme 6ncesi, ciceklenme, siit olum, hamur
olum) silajlarinin yem degeri ve kuru maddenin (DM) rumende
parcalanabilirlik 6zelliklerine olan etkilerini arastirmak amaciyla
yuratildi. Tarla ve sindirilebilirlik denemeleri, 2016-2017 vejetasyon
doneminde tesaduf bloklarinda, 2x4 faktoéryel deneme diizeninde
yuratildi. Silajlarin rumende sindirilebilirligi i¢in ti¢ bas, rumen
kantlli, ortalama 50+3 kg canli agirhiginda ve 3 yasinda Karayaka koglar
kullanildi. Deneme sonucunda Kahraman cesidinin ham protein (CP)
iceriginin Kirklar c¢esidine gore daha yiiksek oldugu ve cesitlerin CP
iceriginin c¢iceklenme 6ncesi donemden yumusak hamur dénemine dogru
azaldig1 gorildi. Ayrica yetistirme déneminin ilerlemesi ile ¢esitlerin
notral deterjan lif (NDF) icerigi artt1. Ayrica Kirklar cesidinin net enerji
laktasyon (NEL) seviyesi Kahraman cegidine gore daha yiiksekti. Ancak,
biiylime periyodunun ilerlemesi ile gesitlerin NEL seviyeleri azaldi.
Kahraman ¢esidinin kuru madde ve ham proteinin suda ¢éziinirligd,
Kirklar c¢esidinden daha yiiksekti. Ayrica, etkin kuru madde
parcalanabilirligi (EKMP), her iki cesitte de biiyiime periyodu ile azald.
Kahraman cesidinin etkin ham protein parcalanabilirligi (EHPP)
oranminin Kirklar g¢esidine gore daha yiliksek oldugu ve yetistirme
déneminin ilerlemesiyle cesitlerin EHPP oraninin dustigi gorildi.
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Sonuc¢ olarak, Kahraman c¢esidinin,

rumende etkin KM ve HP

sindirilebilirliklerinin daha yiiksek oldugu, ayrica, daha yiiksek nispi
yem degerine sahip olmasi nedeniyle Kirklar cesidine gore daha fazla

tercih edilebilir.
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sativa L.) Silages. KSU J. Agric Nat 26 (2), 437-449. https://doi.org/10.18016/ksutarimdoga.vi. 1050407 )
Ataf gekli: Kilicalp N & Tiirk T 2023. Cesit ve Hasat Donemlerinin Yulaf Silajlarinin Besin Degeri Uzerine Etkileri. KSU
Tarim ve Doga Derg 26 (2), 437-449. ttps://doi.org/10.18016/ksutarimdoga.vi 1050407
INTRODUCTION nutritional value of whole plant oat silages.

Oat is an important animal feed world wide as a
nutritious grain and forage source (Giingér et al. 2017).
The most preferred plant as forage among cereals is
oat. It is relatively late and has abundant leaves. Oats
have new shoots growing in every period. Early
regrowth after grazing or plucking is relatively good.
In addition, cluster formation can be evaluated as an
advantage compared to spike-forming grains (Ceri &
Acar 2019). However, Khan et al. (2014), in their study
where they compared the yield and quality
characteristics of oat genotypes, stated that the
genotypes were significantly different in terms of yield
and quality characteristics. Ceri & Acar (2019)
reported that 1 755 323 tons of green roughage was
obtained from 1 063 555 hectares of cultivation area in
Turkey in 2017. However, the plant's production
location, climate and growth periods are highly
effective on feed quality (David et al., 2010). In
addition, the chemical composition of forage crops
differs among regions according to climatic conditions,
soil structures, varieties and application practices
(Shoaib et al., 2014). This plant is a good source of
protein, fiber and minerals for livestock (Strychar,
2011). Also, Mobashar et al. (2018), in the maturity
process of the oat plant, the fiber and lignin content
increases as the forage plant matures. He stated that
as the plant growth period progresses, the intake
potential of oats decreases, reduces the digestion rate
of feed and therefore reduces animal production.
However, Rosser (2014) stated that the effect of
harvest time on NDF, ADF and lignin concentration in
annual and perennial grasses is variable. Wallsten &
Martinsoon (2009) in their study; It was stated that the
NDF concentration and digestibility of oats decreased
from the milk stage to the yellow stage. In addition,
they stated that during the maturation process of
cereal plants, the rate of passage of DM from the
rumen did not change, but the water-soluble part of the
silages increased with the advancing maturation
process, although the water-soluble part of the silages
was 1nitially low. Also, in the maturation process of the
oat plant; The water-soluble crude protein level
decreases from 55% to 33%, and the effective dry
matter degradability decreases quadratically with the
progression of the millet, oat and wheat growing
periods, but does not change in barley (Rosser et al.,
2013). The aim of this study is to investigate the effects
of plant harvesting period and oat varieties on the
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MATERIAL and METHOD
Forage agronomy

The research was carried out on the trial fields of
Gaziosmanpasa University Agricultural Application
and Research Center during the vegetation period of
2016-2017. In the study, Kahraman and Kirklar oat
varieties, which were registered in 2014 by the Edirne
Thrace Agricultural Research Institute, were used.
This study was conducted during the 2016 and 2017
growing season. Kirklar is an oat variety that
developed earlier than the Kahraman variety. The
trial area had soil clay, fertile and soil salt (2 S cm-1),
pH, lime (%), P205 (kg ha-1), K20 (kg ha-1), Organic
matter (%) 0.032, 7.47, 2.42, 2.04, 1523.2, 19.8,
respectively. Data on the climate characteristics of the
trial area were given in Table 1. In the 2016 and 2017
growing seasons, the annual precipitation was lower
than the average for many years. The research was
carried out in 3 replications according to the 2x4
factorial experiment in random blocks. The planting
area was arranged for each variety with 500 plants per
m2, The plots had an area of 0.2 meters between the
lines and an area of 5 m x 20 m (100 m?).

While sowing seeds, 4 kg of composite fertilizer (15-15-
0) and 1.3 kg of ammonium nitrate fertilizers (33%)
were used during the cultivation period. Two oat
varieties were harvested in 4 different harvest periods
(Pre flowering, flowering, milk and soft dough) and
silage was done.

Silage preparation and chemical analysis

After harvesting the fresh material, it was cut into
approximately (therotically) 2 cm long and 1.5 kg plant
material placed in jars with a capacity of 2 kg which
tightly closed and subjected to fermentation for 60 days
(Filya, 2002). After opening the silage covers, for the
chemical analysis of the silages samples dried, milled
and passed through a 1 mm sieve. The ash content of
the silage samples were found in the muffle furnace at
525 °C for 8 hours. Crude protein content of silage was
determined by multiplying the total nitrogen amount
determined by Kjeldahl method with 6.25 coefficient.
Also, Neutral detergent fiber (NDF) and acid detergent
fiber (ADF) contents of the silage samples were
determined by ANKOM (ANKOM 200 Fiber Analyzer.
Ankom tech.) (Van Soest et al., 1991; Anonymus,
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2007b). Net energy lactation (NEL) values of dried
silage samples were calculated by the formulas given
below.

NEL, Mcal kg-1 = 2.296- (0.0257* ADF) (grass) (1)

equations were used (Anonymus, 2007a). Digestible
dry matter of herbage were calculated by using this
equation

Table 1. Climate characteristics of the trial site (2016-2017)

Cizelge 1. Deneme sahasinin iklim ézellikleri

Months/Items Precipitation (mm) Long year av. Average (°C) Long years av.
(1929-2016)(mm) (1929-2016)  (°C)

March 59.0 57.1 8.1 9.7
April 34.5 23.6 10.0 13.5
May 34.8 31.9 16.9 18.0
June 35.4 48.5 20.0 21.0
July 0.2 3.8 23.5 24.8
August 7.6 4.4 24.3 25.6
September 0.2 19.6 23.2 22.5
October 55.6 51.8 16.1 15.7
Total 227.3 240.7 17.8 18.9

Digestible dry matter (DDM)=88.9-(0.779* ADF %), (2)

potential dry matter intake (as percent of body weight)
was determined by using this equation,

Potential dry matter intake (PDMD= 120/ (NDF %) (3)

Specified by Jaranyama & Garcia (2004). RFV was
calculated according to ADF and NDF values during
the full bloom period of Alfalfa. That depends on the
Feed intake potantial and dry matter digestibility of
the feeds and helps to classify (Prime: >151, premium:
151-125, good: 124-103, fair:102-87, poor:86-75,
reject:<75) the feeds according to their quality.

Relative feed value (RFV) = PDMIx DDM]/1.29 4)

In-situ incubations

This study was carried out with the approval of
Gaziosmanpasa University Animal Experiments Local
Ethics Committee, dated 9.3.2017 and numbered
51879863-25 (2017 HADYEK -47). Nylon bag
technique was used to determine the degradability of
silage samples in the rumen. For this purpose, a rumen
fistula (3.5 cm inner diameter) was placed,
approximately 50+0.4 kg live weight, 3 years old, 3
head Karayaka rams were used (Orskov &
McDonald,1979). Before starting digestion trial, the
animals were weighed and placed in individual
compartments. The animals were adapted to the trial
conditions for 3 weeks. The animals were fed at 125%
of their maintenance level (Anonymus, 2007a). The
feeds, roughage: concentrate ratio was prepared at 60:
40 and the animals were fed twice a day (at 8.30 in the
morning and at 16.30 in the evening). A mixture of
alfalfa hay and triticale hay (60: 40) as roughage and
barley as concentrate was used. In addition, the
animals were given a vitamin and mineral mixture.
Clean water was always kept in front of the animals.
Silage samples were dried at 65 °C for 48 hours and
then samples were prepared by grinding through
laboratory hammer mill with a 2.5 mm screen.
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Samples (5 g) were placed in a bags (bags, made of
polyester fabric of 5x10 cm size and 40-50 micron pore

diameter). Bags were put into the rumen for
incubations of 0, 16, 24, 48, 72 and 96 hours to
determine DM and CP degradablities. The

degradability of nutrients in the rumen were
calculated by the method specified by Orskov &
McDonald, (1979). The nylon bags removed from the
rumen at the end of the incubation were washed until
clean water flowed in tap water. Then, after drying at
80 oC for 24 hours in the drying cabinet and cooling in
the excavator, the degradability of the feeds in the
rumen was calculated with the equation given below.
Digestible dry matter (DDM) and digestible crude
protein (DCP) were calculated by the formula given
below.

DDM and CPD (%)=(Initial weight-final weight) |
(Initial weight)x100 (5)

Degradation characteristics of nutrients (DM and CP)
were calculated (@rskov & Mc Donald, 1979; Van Soest
et al. 1991) using the equation,

Degradation (D) =a + b (1-e<t) (6)

Where: D: disappearance rate of nutrients at time ¢ a:
the portion of nutrients (DM, CP) solubilized at the
beginning of incubation (time 0). b = slowly degraded
nutrients (DM and CP) in the rumen c: rate constant
of disappearance of ‘b, t = time of incubation.
Degradation characteristics; a, b, ¢ and effective
ruminal degradability of DM, and CP were calculated
by @rskov & Mc Donald (1979). The effective DM and
CP degradability were calculated by using equation,

The effective DM and CP degradability (EDMD) and
(ECPD)=a+(bc / c+k) (7)

Where: k = ruminial out flow rate, ki = 0.02 h'! and
k2=0.05 h'!) for DM and CP. Also, silage samples were
weighed and placed in nylon bag to determine washing
losses by using washing machine for 30 minutes. The
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loss of washing was found by weighing the dried feed
samples in the drying cabinet (Lai & Thu Huong,
1999).

Statistical analysis

Statistical analysis was performed using the GLM
procedure of SPSS Software-16 for Windows
(Anonymus, 2007¢c). Field trial were sown 2x4 factorial
experimental design in randomized blocks. As a
mathematical model;

Yijk = p + ai + bj + cij + ey (8)
Yijk = Observation value of this equation, u =
Population average, ai = Effect of cultivars (i = 1,2), bj
= Effects of harvest periods (j =1, 2, 3 and 4), cij: period
variety interaction G =1, 2, 3 and 4; i = 1,2) eijk = used
as the error value. The differences between harvest
periods and "Tukey" were determined by multiple
comparison test (Anonymus, 2007c ).

RESULTS and DISCUSSION
Chemical composition

It was found that there was no significant difference
between cultivars in terms of DM (Table 2). However,
it has been observed that the DM increased from the
pre-flowering period of plant to the soft dough stage
and this increase was found to be statistically
significant (P<0.001). The DM increased by 60% in
Kahraman variety, while the Kirklar variety increased
by 53% from the pre-flowering period to the dough
formation period. Likewise, Ayhan et al. (2004) and

Aydogan et al. (2014) stated that there were a
significant increase in DM yields with the progress of
the vegetation period in their work. Oat varieties and
harvest periods had no effect on the pH values of
silage. Although, the pH level of the silage did not
change according to the harvest periods. The silages
pH, in the pre-flowering period were the lowest,
slightly increased during the flowering and milk
period, but small in size decreased during the dough
period. The crude protein ratio of the Kahraman
variety; except the dough period, was higher than
Kirklar. This difference between cultivars was found to
be statistically significant (P<0.001). Crude protein
content (Figure 1) of forage is one of the most
important criteria for hay quality evaluation (Assefa &
Ledin, 2001; Bagbag et al 2018). Kim et al. (2006)
stated that among the oat varieties, the CP content of
late-maturing varieties was higher than that of the
early-maturing varieties. The findings of this study
were similar to reflected by David et al. (2010) and
Aydogan et al. (2014). In addition, a low CP level
during the dough period causes reduced silage
buffering capacity, promoting a faster pH drop and
may contribute to less degradablity of other nutrient
components of silage (Cherney & Cherney, 2003). Also,
In terms of crude protein content, the interaction
between cultivars and seasons was statistically
significant (P<0.001). It was observed that the crude
protein level of Kahraman cultivar was higher than
that of the Kirklar cultivar, except for the soft dough
period.

Table 2. Effects of different harvest stages on chemical composition of silages
Cizelge 2. Farkli hasat donemlerinin silajlarin kimyasal bilesimine etkileri

Item Chemical Composition (%)
Variety Harvest stage DM pH CPp NDF ADF Ash
Pre flowering  12.42+0.09 4.59+0.21 23.01+0.06 38.94+0.24 27.45+0.08 13.14+0.03
Flowering 20.81+1.46 5.17+0.47 13.24+0.23 63.52+0.14 37.04+0.22 9.94+0.02
Kahraman Milk 23.46+£0.17 5.16+0.47 14.24+0.11 58.30+0.35 38.46+0.11 9.50+0.05
Soft dough 30.95+0.50 5.07+0.30 11.20+0.13 62.09+0.12 37.23+0.14 8.34+0.02
Mean 21.91+2.02 5.0£0.15 15.42+1.36 55.71+2.97 35.05+2.67 10.23+0.053
Pre flowering 15.53+2.60 4.59+0.21 20.48+0.29 43.48+0.61 28.38+0.39 12.64+0.02
Flowering 16.75+1.22 5.17+0.47 11.20+0.16 61.0+£0.49 38.34+0.34 12.30+0.01
Karklar Milk 23.97+£1.77 5.16+0.46 11.39+0.41 61.34+0.13 35.9440.10 10.17+0.02
Soft dough 32.7340.38 5.07£0.30 12.14+0.42 57.47+0.03 35.10+0.72 8.86+0.02
Mean 22254219 5.0£0.15 13.8+1.18 55.82+2.20 34.44+1.13 10.99+0.47
Pre flowering 13.98+1.37¢ 4.59+0.13 21.75+0.58 & 41.21+1.06¢ 27.92+0.28¢ 12.89+0.11 2
Harvest Flowering 18.78+1.24¢ 5.17+0.29 12.22+0.47> 62.26+0.612 37.69+0.34a 11.12+0.52b
stage Milk 23.71+0.8b 5.16+£0.03 12.82+0.66> 59.82+0.70> 37.20+£0.56 2 9.84+0.15¢
Soft dough 31.84+0.492 5.07+0.19 11.67+£0.29°¢ 59.78+1.03» 36.17+0.58> 8.60+0.121d
Mean 22.08+1.46 4.99+£0.10 14.61+0.85 55.77£1.81 34.74+0.86  10.61+0.36
SEM 1.46 0.102 0.896 1.812 0.858 0.357
Variety 0.726 1.0 wkE 0.650 * ok
value V*HS int. 0.077 1.0 il xk il il

Vivariety, HS: harvest stage, Int: interaction, DM:dry matter, CP:crude protein, NDF: neutral detergent fiber, ADF: acid
detergent fiber, SEM: standart error of mean, Differences between mean values shown with different letters in the same column
are statistically significant. (¥):p<0.05; (¥*):p<0.01; (***):p<0.001
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Figure 1. Change of chemical composition according to harvest time in silage
Sekil 1. Silajda hasat zamanina gore kimyasal bilesimin degisimi

Although there was no statistical difference between
cultivars in terms of NDF, the difference between
harvest periods was found to be significant (P<0.001).
The Kahraman variety had a lower NDF rate in the
pre-flowering period, but, during the dough period had
a higher NDF value than the Kirklar variety (Table 2).
Also, The interaction of NDF content of silages
between cultivars and seasons was statistically
significant (P<0.001). NDF content of Kahraman
cultivar was found to be higher than that of Kirklar
cultivar during flowering and soft dough periods.

Kirklar cultivar was observed to have higher ADF rate
than Kahraman cultivar. This difference was also
statistically significant (P<0.05). There was significant
interaction between stages of maturity and cultivars in
terms of NDF (P<0.001). Similar results were reported
by Coblentz et al. (2018).

Acid detergent fiber (ADF) rates of the varieties were
lowest in the pre-flowering period, although
concantration of ADF increased during the flowering
and milk periods, Acid detergent fiber (ADF) was in a
reduction trend in the dough period (Table 2). Parallel
results were declared by Uzun (2010) and Coblentz et
al. (2018). and Acid detergent fiber (ADF) levels of oat
varieties change according to early or late maturation.
Cell walls of oat varieties that matured early was
higher than that of late matures (Kim et al 1999; Kim
et al.,2006). The ash content (Figure 1) of Kirklar
cultivar was determined to be higher than the
Kahraman cultivar considering all harvest periods
(P<0.001). The amount of ash in plants decreased
significantly with the progression of the vegetation
period (P<0.001). In addition, the interaction of ash
content of silages between varieties and periods was
found to be statistically significant (P<0.001). It was
observed that the ash content of Kahraman cultivar
decreased more rapidly from the pre-flowering period
to the soft dough period compared to the Kirklar
cultivar.
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Similar results were reported by Uzun (2010) and
Gokkus et al. (2013). In contrast, Khan et al. (2006)
stated that the amount of ash in the oats harvested at
early maturity, medium maturity, maturity periods
were 11.2, 11.3 and 12.5%, respectively.

This results was higher than the findings for soft
dough period. However, David et al. (2010) stated that
there was no statistical difference between plant
mineral content values in terms of cultivars and
harvest periods.

Nutritive value

Kahraman variety (Table 3) had a higher amount of
dry matter intake potential than the Kirklar variety
(P<0.01). Also, the dry matter intake potential of both
varieties before flowering period was higher than other
harvest groups (P<0.01). When the harvest periods
were compared in terms of feed intake; It was observed
that the highest intake potential was in silages
harvested pre-flowering period. This was followed by
milk and dough periods and the lowest intake potential
was found to be in the flowering period (P<0.01).

In addition, it was found that the interaction of
cultivar x harvest periods on feed intake potential was
also important (P<0.001). As the maturation
progresses in plants, the increase of cell wall materials,
that is, structural carbohydrates, as a result, causes a
decrease in the amount of grass intake. In contrast,
Wallsten & Martinsoon (2009) stated that when
harvested at the heading stage of the oat silage was fed
lower than the dry matter intake, harvested at early
dough stage. Considering all harvest periods, NEL
value of Kahraman silage was found higher than
Kirklar variety (P<0.05). When harvest periods were
compared for NEL value, silages had the highest value
in the pre-flowering period. This was followed by the
dough period. The lowest value was determined during
the flowering and milk period (P<0.001). In addition, it
was determined that the interaction of cultivar x
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harvest period was very important (P<0.001). The NEL
value of silage tends to increase during the dough
period. It is thought to be caused by the accumulation
of nutrients in the grain. The energy content of feeds is
one of the important factors that determine the feed
quality. Similar results regarding the NEL value of oat
in different periods were also reported by Rafiuddin et
al. (2016).

In terms of the rate of digestible dry matter, it was
determined that the silage of Kirklar variety was

Table 3. Nutritive value of silage
Cizelge 3. Silajlarin bazi besin degerleri

higher than the Kahraman variety. The highest
digestion degree was observed in silages pre-flowering,
while the lowest was found in silages harvested during
flowering (Table 3). As the forage crops mature, the
fiber content increases and fiber digestion generally
decreases. This could be related to the declining leaf:
stem ratio and increasing fiber contents (Mobashar et
al., 2018). The relative feed value of the Kahraman
variety was found to be higher than the other variety
(P<0.05).

Variety Harvest stage DMI NEL DDM (%) RFV
(kg, %BW) (Mcal kg1)
Pre-flowering 3.08+0.02 1.59+0.00 67.52+0.06 161.31+0.85
Kahraman  Flowering 1.89+0.01 1.34+0.00 60.05+0.02 87.94+0.06
Milk 2.06+0.01 1.31+0.00 58.94+0.08 94.05+0.70
Soft dough 1.93+0.00 1.34+0.01 59.90+0.11 89.73+0.34
Mean 2.24+0.015 1.39+0.03 61.60+1.04 108.26+9.24
Pre-flowering 2.76+0.04 1.56+0.01 66.79+0.31 142.97+2.72
Kirklar Flowering 1.97+0.02 1.31+£0.01 59.03+0.27 90.04+1.14
Milk 1.96+0.00 1.37+0.03 60.90+0.08 92.36+0.30
Soft dough 2.09+0.00 1.39+0.02 61.55+0.57 99.64+0.97
Mean 2.19+0.01 1.41+0.06 62.07+0.88 106.25+6.52
Pre-flowering 2.92+0.07 2 1.58+0.07 = 67.16+0.22 2 152.14+4.28 a
Harvest Flowering 1.93+0.02 ¢ 1.33+0.01 ¢ 59.54+0.27 ¢ 88.99+0.69 ¢
Stage Milk 2.01+0.02 b 1.34+0.02 ¢ 59.92+ 0.44 ¢ 93.21+0.51 b
Soft dough 2.01+0.04 b 1.37+£0.01 " 60.73+0.45 P 94.69+2.26 P
Mean 2.2240.09 1.40+0.02 61.84+0.67 107.25+5.54
SEM 0.088 0.022 0.669 5.542
P Variety ** * * *
value Harvest. stage *E *E *E *k

V:variety, HS: harvest stage, int: interaction, DMI: dry matter intake, DDM: digestible dry matter, RFV: relative feed value,
NEI: net energy lactation, SEM: standart error of mean, Differences between mean values shown with different letters in the
same column are statistically significant. (¥):p<0.05; (**):p<0.01; (***):p<0.001

The highest RFV was obtained from harvested pre-
flowering, while the lowest was obtained from the
flowering period (P<0.01). Reative feed value is an
important feed assessment criterion that combines
important nutritional factors such as feed intake and
feed digestibility. It can also be used to compare the
quality of different feeds. It was observed that RFV of
the silage harvested in the pre-flowering period was
good, but, the feed value decreased after the flowering
period. Linn & Martin (1999) reported similar results.
Also, The forage value of the plants in the early
development period, shows more suitable than the
other development periods (Uzun, 2010). In addition,
In terms of RFV, the interaction between cultivars and
harvest period was statistically significant (P<0.001).
Although the RFV value of Kahraman cultivar was
higher than that of Kirklar cultivar in the pre-
flowering period, it was observed that Kirklar cultivar
had higher RFV value in the soft growing period.
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Washing loss and ruminal dry matter degradation

Washing loss of the Kahraman variety (Table 4) was
found to be higher than the Kirklar variety (P<0.001).
In addition, although the most washing loss was
observed in silages harvested pre- flowering period
(Table 4), So, washing loss decreased as the vegetation
progressed (P<0.05). Also, Variety x harvesting period
interaction was statistically important on washing loss
of dry matter (P<0.01). Kilicalp et al. (2018) stated that
in their study on corn, sorghum and sorghum sudan
hybrids, the loss of washing varied between species
and sorghum varieties, and the loss of washing
decreased from the middle flowering period to the hard
dough period. In terms of the degradability (Figure 2)
of the dry matter in the rumen at the 8t hour (Table
4), it was observed that the difference between the
varieties was important (P<0.001). But, when the
varieties were compared for other incubation hours,
the difference between them was not significant. In
contrast, Kafilzadeh & Heidary (2013) noted that there
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was a difference of about 20% between the highest and
lowest values of different cultivar of oats. On the other
hand, harvest periods significantly affected dry matter
degradability (Table 4) at all incubation hours
(P<0.001). In addition, dry matter degradability has
gradually decreased in all incubation hours, from the
pre-flowering period to the soft dough period (P<0.001).
While dry matter degradability in rumen (48t hour)
was 82.22% in the period pre-flowering, it decreased to

Dry matter degradability in the rumen

52.95% in the soft dough period. The dry matter
degradability reduction was 36%. The higher
digestibility of plants in the early stages is related to
the ratio of cell wall materials to intracellular
substances. Mazumder et al. (2004) and Zhang et al.
(2007) reflected that the 48. hour in situ degradability
of the oat plant was similar to the findings of this
study.

1 —
T —

3
o
=

Inkubation periods (h)

20 40
Dry matter degradability (%)

B Soft dough

Figure 2. Dry matter digestibility of silage

Sekil 2. Silajlarin rumende kuru madde parg¢alanabilirligi

Dry matter degradation characteristics

Dry matter of Kahraman variety has higher water-
soluble dry matter (a), lower (b) parameter, higher
degradation rate and thus higher effective dry matter
degradability than Kirklar (Table 5). The difference
between cultivars in terms of parameter a was
statistically significant (P<0.001). These results, It has
been determined that the instant dissolvable part of
Kahraman variety dissolves in water 15% more than
Kirklar variety. Also, when oat silages (Table 5) were
harvested pre-flowering period; the water-soluble dry
matter (a), part that is insoluble in water but
degradable by rumen microorganisms (b) and the rate
of dry matter degradation (c) were higher than other
harvest periods (P<0.001). The values of these dry
matter parameters were found to be the lowest in the
dough period. In addition, the (a) parameter of plants
harvested pre-flowering period was found to be 18%
higher than the soft dough period (Table 5).

Rosser et al. (2013) stated that effective dry matter
disintegration decreased quadratically with the

443

80 100

Milk ®Flowering ™ Pre flowering

progression of growth periods of oats. In addition, in
terms of parameters b and ¢, the interaction between
cultivars and harvest periods was statistically
significant (P<0.001). In terms of effective dry matter
degradability in the rumen, although there was no
difference at different transition rates between
varieties, effective degradability in both varieties
followed a progressively decreasing course from pre-
flowering to soft dough.

In general, the effective degradability of the dry matter
of oat varieties can be explained as having a
neutralizing effect on the apparent degradation
estimates, with the competitive positive effect of grain
filling, the negative effects of lignification and leaf
aging (Coblentz et al., 2018). The easily soluble protein
(a) of the Kahraman variety was higher than the
Kirklar variety and the difference between the
varieties (Table 6) was important (P<0.05). The
structure and amount of oat proteins vary according to
the variety and environmental conditions (Karaman et
al 2020), therefore it is thought that the solubility of
oat protein in the rumen may also change. While there
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Table 4. Rumen dry matter degradability of silages in different periods
Cizelge 4. Farkli periyotlarda silajlarin rumende kuru madde par¢alanabilirligi
Item Dry matter degradablity (%)
Variety Harvest stage WL 16. hour 24. hour 48. hour 72. hour 96. hour
(%)
Pre-flowering 60.20+0.92 70.18+0.55 71.92+3.93 83.86+0.16 90.03+1.36 90.89+0.37
Kahraman Flowering 59.48+0.98 49.01+0.84 50.14+3.53 57.29+1.17 65.73+0.99 72.48+1.04
Milk 55.76+1.25 46.24+1.40 52.28+3.53 59.00+0.97 69.61+1.80 71.69+0.32
Soft dough 53.88+1.20 44.04+2.27 50.87+4.75 53.87+2.76 63.23+1.45 62.74+1.02
Mean 57.33+1.78 52.37+3.21 56.30+3.21 63.51+3.65 72.15+3.25 74.45+3.11
Pre-flowering 51.64+0.91 61.60+3.79 71.46+0.84 80.63+0.54 87.70+0.23 87.54+0.40
Kirklar Flowering 43.37+0.62 45.09+1.03 52.78+2.73 60.23+3.90 69.21+1.83 75.16+1.32
Milk 45.73+1.25 39.66=1.07 47.02+2.17 50.69+2.03 66.03+1.83 68.06+2.84
Soft dough 50.53+0.54 41.60+2.76 45.39+1.06 52.03+2.76 60.80+3.68 61.41+1.83
Mean 47.82+2.45 46.99+2.82 54.16+3.22 60.90+3.78 70.94+3.21 73.04+3.02
Pre-flowering 55.92+1.14 = 65.89+2.57 a 71.69+1.80 = 82.24+0.76 2 88.87+0.81 2 89.22+0.79 2
Harvest Flowering 51.43+2.53 ¢ 47.05+1.06 P 51.46+2.08 b 58.76+1.93 b 67.47+£1.22b 73.82+0.96 b
stage Milk 50.756+2.33 ¢ 42.95+1.67 b 49.65+2.19 b 54.85+2.11b 67.82+1.40 b 69.88+1.51 b
Soft dough 52.21+1.56 be 42.82+1.69 b 48.13+£2.49 b 52.95+1.80 b 62.02+1.85 ¢ 62.08+0.98 ¢
Mean 52.567+1.25 49.68+2.16 55.23+2.23 62.20+2.58 71.54+2.23 73.75+2.12
SEM 1.253 2.221 2.235 2.582 2.234 2.223
Variety wRE *x 0.343 0.106 0.376 0.173
p Harvest Stage * *kh% *k% *k% *kk *kk
value V*HS. int. ** 0.450 0.508 0.116 0.273 0.131

V:variety, HS: harvest stage, int: interaction, WL:washing loss, SEM: standart error of mean, Different letters, (a,b,c) in the same column are statistically significant.
(*):p<0.05; (¥*):p<0.01; (***):p<0.001
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Table 5. Dry matter degradability characteristics of silages
Cizlge 5. Silajlarin kuru madde par¢alanabilirlik 6zellikleri
Variety Harvest stage a b a+b c EDMD: EDMDs
(%) (%) (%) (h)) (k=0.02) (k=0.05)
Pre-flowering 55.79+0.68 35.10+0.39 90.89+0.37 0.0050+0.00 89.49+0.38 87.60+0.39
Kahraman Flowering 47.25+0.85 25.22+0.63 72.48+1.04 0.0043+0.00 71.30+0.99 69.76+0.95
Milk 46.38+0.28 25.32+0.51 71.61+0.32 0.0047+0.00 70.60+0.38 69.15+0.44
Soft dough 44.56+1.64 18.19+1.01 62.74+1.01 0.0037+0.00 61.76+1.01 60.48+1.00
Mean 48.50+1.37 25.96+1.84 74.45+3.11 0.0044+0.00 73.29+3.06 71.75+2.99
Pre-flowering 48.37+0.35 39.16+0.12 87.54+0.40 0.0060+0.00 86.20+0.39 84.40+0.39
Kirklar Flowering 38.61+2.02 36.55+0.74 75.16+1.32 0.0067+0.00 74.04+1.28 72.51+1.23
Milk 36.97+2.39 31.09+0.60 68.06+2.84 0.0063+0.00 67.05+2.77 65.69+2.69
Soft dough 41.01+£1.73 20.40+0.22 61.41+1.83 0.0040+0.00 60.39+1.82 59.07+182
Mean 41.24+1.37 31.80+1.84 73.04+3.11 0.0058+0.00 71.92+3.06 70.42+2.99
Pre-flowering 52.08+1.69 = 37.13+0.93 = 89.22 £0.79 a 0.0055+0.00 = 87.85+ (.78 2 86.00+0.76 2
Harvest Flowering 42.93+2.17"b 30.89+ 2.57 b 73.82+0.96 b 0.0055+0.00 2 72.67+0.95 " 71.13+0.93 P
Stage Milk 41.67+2.36 P 28.21+1.34 ¢ 69.88+1.51 P 0.0055+0.00 a 68.83+ 1.48 b 67.42+1.45b
Soft dough 42.79+1.33 b 19.29+0.68 d 62.08+0.98 ¢ 0.0038+0.00 » 61.08+0.99 ¢ 59.78+0.98 ¢
Mean 44.87+0.95 28.88+1.27 73.75+2.15 0.0051+0.00 72.61+£2.11 71.08+£2.07
SEM 1.256 1.522 2.223 0.0003 2.093 2.049
P Variety wkk ok 0.173 xk 0.178 0.181
Value Harvest Stage *k% *kh% E *k% *k% *k%
V*HS int. 0.226 kxk 0.131 wk 0.124 0.119

Vivariety, HS: harvest stage, int: interaction, a: easly soluble part, EDMD: effective dry matter degradability, c: degradation rate, b: potentiel degradable portion, SEM:

standart error of mean, different letters (a,b,c) in the same column are statistically significant. (*):p<0.05; (**):p<0.01; (***):p<0.001
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Table 6. Crude protein degradation characteristics of silages
Cizelge 6. silajlarin ham proteinlerinin rumende parc¢alama ozellikleri
Variety Harvest a b atb c ECPD: ECPDs
stage (%) (%) (%) (h) (k=0,02) (k=0,05)
Pre-flowering 83.02+0.58 12.11+0.80 95.13+0.22 0.0014+0.0 93.39+0.45 91.61+0.57
Kahraman Flowering 74.33+1.19 3.98+0.01 78.31+£0.73 0.0006+0.0 77.08+0.79 76.52+0.69
Milk 73.21+0.76 7.40+0.45 80.61+0.91 0.0012+0.0 79.32+0.69 78.08+0.52
Soft dough 67.53+1.47 1.04+0.01 68.57+0.52 0.0002+0.0 68.45+0.56 68.26+0.75
Mean 74.52+1.73 6.13+0.03 80.65+2.88 0.0009+0.0 79.56+3.84 78.62+2.54
Pre-flowering 81.14+0.21 11.82+0.09 92.96+0.30 0.0015+0.0 91.24+0.56 89.49+0.72
Kirklar Flowering 68.13+1.96 9.10+0.05 77.23+2.88 0.0016+0.0 75.65+2.72 74.12+2.56
Milk 69.86+2.33 2.82+0.04 72.68+1.82 0.0005+0.0 70.88+1.47 70.67+1.63
Soft dough 66.98+3.17 2.59+0.02 69.57+2.81 0.0005+0.0 68.98+2.80 68.57+2.85
Mean 71.53+1.95 6.58+0.02 78.11+4.05 0.0010+0.0 76.69+2.79 75.71+2.63
Harvest Pre-flowering 82.08+0.502 11.97+0.03 & 94.05+0.51 0.0015+0.0 & 92,31+ 0.58 2 90.55+0.63
stage Flowering 71.23+£1.31b 6.54+0.02 b 77.77+£1.35b 0.0011+0.0 ab 76,36+1.30 b 75.32+1.30 b
Milk 71.54+1.23 b 5.11+£0.01°b 76.64+1.99 b 0.0009+0.0 b 75,10+2.02 b 74.38+1.82 b
Soft dough 67.26+1.15 " 1.82+0.00 ¢ 69.07+1.30 © 0.0004+ 0.0 ¢ 68,71+1.28 ¢ 68.42+1.32 ¢
Mean 73.03+1.72 6.36x0.00 79.38+2.00 0.0010+0.0 78,124+1.92 77.17+1.81
SEM 1.310 0.897 2.006 0.0002 1,925 1.814
p Variety * 0.531 * 0.178 * *
Value Harvest Stage *kk *kk *kd b *x% *k%
V*HS int. 0.425 ** 0.076 ikl * 0.133

V:variety, HS: harvest stage, int: interaction, a: easly soluble part, ECPD: effective crude protein degradability, c¢: degradation rate, b: potentiel
degradable portion, SEM: standart error of mean, different letters (a,b,c) in the same column are statistically significant. (¥):p<0.05; (**):p<0.01;

(*¥**):1p<0.001
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was no difference between cultivars in terms of (b)
parameter for crude protein, the highest (b) parameter
value was seen in the pre-flowering, followed by the
flowering, milk and soft dough periods (P<0.001). The
interaction of cultivar x harvesting period was also
important (P <0.01). David et al. (2010) reported that
(b) fraction proteins (albumin and some globulins) are
real proteins and break down rapidly in the rumen. In
addition, David et al. (2010) similar to in this findings,
parameter (b) was affected by the interaction between
cultivars and harvest periods.

There was a difference between both cultivars (P<0.05)
and harvest periods (Table 6) in terms of the (a + b)
parameter of crude protein (P<0.001). Although there
is no difference between the varieties in terms of the
breakdown rate (c) of the crude protein in the rumen,
it has been determined that the effect of different
harvest periods on the breakdown rate of the crude
protein is significant (P<0.001).

Effective crude protein degradability of the Kahraman
variety (Table 6) was higher than the Kirklar variety
at the different transition speeds (k = 0.02 hand k =
0.05 h'' ) from rumen (P<0.05). While silages which
harvested pre-flowering period had the highest
effective crude protein degradability. The lowest
effective degradability was found in silages harvested
during the soft dough period (P<0.001).

Similar to the results of this study, Rosser et al. (2013)
stated that as the phenological period of the oat plant
progresses, the digestible CP fraction decreases
linearly from 55.5% to 33.0%, and the Undeg fraction
increases with progressive maturity. Also, effective
crude protein degradability values showed a similar
situation at different rumen transition rates. The
results of effective crude protein degradability of this
study were similar to reflected by Ammar et al. (2010).

CONCLUSION and RECOMMENDATIONS

The CP level of Kahraman cultivar was 14.5% higher
than that of Kirklar cultivar, and the CP content of
cultivars decreased from the pre-flowering period to
the soft dough period. In addition, while the NDF
content of the cultivars increased with the progression
of the growing period, the ash content of the cultivars
decreased. The NEL level of Kirklar cultivar was
higher than Kahraman cultivar. However, the NEL
level of the cultivars decreased with the progression of
the growing period. On the other hand, RFV value of
Kahraman cultivar was higher than Kirklar cultivar.
Water solubility of DM and CP proteins of Kahraman
cultivar was higher than that of Kirklar cultivar. In
addition, EDMD decreased with growth period in both
cultivars. It was observed that the ECPD rate of
Kahraman cultivar was higher than that of Kirklar
cultivar, and the ECPD rate of cultivars decreased
with the progression of the growing period. As a result,
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Kahraman cultivar may be preferred more than
Kirklar cultivar, since it has higher EDM and ECP
digestibility in the rumen and also has higher RFV
value.
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ABSTRACT Animal Science
The experiment's purpose was to evaluate the effect of adding different )
levels of essential flaxseed oils (FEO) on the chemical composition and in Research Article

vitro degradability of alfalfa silage. Treatments were alfalfa silage with : :

no additive (control) or treated with 60 or 120 ml/kg DM of essential Artlc.le History -

flaxseed oils (FEO60, FEO120, respectively). Whole plant alfalfa was Received 202'01'2022
ensiled for 60 d in triplicate laboratory-scale tubes. Dry matter (DM) Accepted oLl
content was more significant for FEO120 than control. Compared with
the control, neutral detergent fiber (NDF) concentration was decreased
in FEO120. Adding essential oils to the silage significantly decreased
silage pH compared with untreated silage (P < .0001). Interestingly
increased (DM and OM digestibility) for all the silages containing
essential oil compared with untreated silage. The addition of flaxseed
essential oil to alfalfa silage increased the rate of disappearance of
organic matter (OM) and dry matter (DM) in all treatments compared to
the control treatment. The degradability potential of alfalfa silage has
increased in treatments containing FEO (120 mg/kg DM). In general, the
obtained data show that the FEO had a positive effect on the quality of
alfalfa silage and its nutritional characteristics.

Keywords

Essential oils

In vitro degradability
Secondary metabolite
Silage

Yonca Silolama Iglemine Keten Tohumu Esansiyel Yag1 Ilavesinin Rumen Fermantasyon Kinetigine
Etkisi

OZET Zootekni

Yonca, diinya capinda yaygin olarak yetistirilen ruminant hayvanlarin

beslenmesinde en énemli yem kaynaklarindan biridir. Bununla birlikte, Aragtirma Makalesi
kurutma ve depolama iglemi sirasinda mekanik islemlerden

kaynaklanan bir¢ok besin kaybi olmaktadir. Bu nedenle yoncanin Makale Tarihgesi
silolanmas1 kurutma kayiplarimi 6nlemenin alternatif bir yoludur. Bu Gelig Tarihi  :02.01.2022
calismanin amaci, farklh seviyelerde keten tohumu esansiyel yaglarinin Kabul Tarihi :30.06.2022
(KEY) eklenmesinin yonca silajjmn kimyasal bilesimi ve in vitro

sindirilebilirligi tizerindeki etkisini degerlendirmektir. Muameleler, Anahtar Kelimeler

katkl maddesi icermeyen yonca silaji (kontrol) veya 60 veya 120 ml/kg Esansiyel yaglar

KM keten tohumu ucucu yaglari (sirasiyla KEY60, KEY120) olacak In vitro sindirilebilirlik
sekilde diizenlenmigtir. Tum bitki yonca silajlari, ti¢ tekerrir olacak Ikincil metabolit

sekilde laboratuvar o6lgekli tiiplerde 60 giin boyunca silolanmagtir. Silaj

KEY120 icin kuru madde (KM) icerigi kontrolden daha biiyiik olarak
bulunmustur. Kontrol grubu ile karsilastirildiginda, KEY120'de nétr
deterjan fiber (NDF) konsantrasyonu azalmistir. Ucgucu yaglarin
eklenmesi ve silajin kombinasyonu, islem gérmemis silaja kiyasla silaj
pH1m1  6nemli 6lciide  azaltmistir  (P<.0001). Kontrol ile
karsilastirildiginda, ugucu yag iceren tim silajlarda ilging bir gekilde
artmigtir. Yonca silajina keten tohumu esansiyel yagi ilavesi, kontrol
uygulamasina kiyasla tiim uygulamalarda organik madde (OM) ve kuru
madde (DM) sindirilebilirlik oranimi artirmistir. Yonca silajinin
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yikilabilirlik potansiyeli, KEY (120 mg/kg KM) iceren gruplarda
artmigtir. Genel olarak elde edilen veriler, KEY'in yonca silajinin

kalitesine ve besleyici 6zelliklerine olumlu etkisi oldugunu
gostermektedir.
Ataf Sekli: Besharati, M., Palangi, V., Niazifar, M., Ayasan, T. & Salem, A.Z.M. (2023). Yonca Silolama Islemine Keten
Tohumu Esansiyel Yag1 Ilavesinin Rumen Fermantasyon Kinetigine Etkisi. KSU Tarim ve Doga Derg 26(2),
450-458. https://doi.org/10.18016/ksutarimdoga.vi.1052345
To Cite : Besharati, M., Palangi, V., Niazifar, M., Ayasan, T. & Salem, A.Z.M. (2023). Effect of Adding Flaxseed
Essential Oil in Alfalfa Ensiling Process on Ruminal Fermentation Kinetics. KSU J. Agric Nat 26 (2), 450~
458. httpsi//doi.org/10.18016/ksutarimdoga.vi.1052345.
INTRODUCTION delayed calving time and increased placental

An essential component in ruminant diets is forage;
the leguminous family is of particural importance
among the forages. Of this family, alfalfa is more
critical. One of the important characteristics of alfalfa
is its high nutritional quality for livestock. Forage
storage is essential for long-term use in many areas
when fresh forage is unavailable for ruminant diets. In
countries where the growing season is limited, silage
and hay play an important role in the diet of
ruminants. Ensiling is a method of preserving a
product based on the natural fermentation of lactic
acid under anaerobic conditions, which can provide
fodder throughout the year as the primary source of
nutrition, and provide high nutritional value for
ruminants. One of the main problems in preparing
quality silage is rapid lowering of the pH of the silo in
a short time (Besharati et al., 2021; Besharati et al.,
2020a; He et al., 2020). Silo additives can be classified
as fermentation stimulants and food spoilage
inhibitors (Erb and Kliebenstein, 2020). In addition,
corruption inhibitors can be divided into subgroups of
inhibitors, fermentation, and aerobic stability
enhancers in which plant essential oils (EOs) preserve
silage nutrients by inhibiting the growth of
undesirable microorganisms. Because of increasing
public pressure to decrease antimicrobials in livestock
production and the regulations that ban these
substances in Europe (More, 2020), scientists and the
livestock feed industry have been actively working to
find alternative antimicrobials (Grant et al., 2018).
EOs and their compounds have attracted much
attention because their antimicrobial properties may
modulate rumen fermentation (Garcia et al., 2020).
EOs from aromatic and medicinal plants have been
shown to have selective antimicrobial properties and a
high potential for binding to proteins (Ayaz et al.,
2017).

Flaxseed oil contains a-linolenic acid (ALA) and
linolenic acid, the rich source of ®w-3 fatty acids in
nature and, has more than twice as much omega-3 fish
oils. FEO includes a high level of ALA (approximately
55% of total fatty acids). Besharati et al. (2020a), in
another study, showed that FEO had a positive effect
on silage quality and compositions. A study found that
diets rich in unsaturated omega- »-3 fatty acids before
calving were fed to sheep and cattle, respectively,
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abruption. However, increased in ®-3 unsaturated
fatty acids in the diet after childbirth improved cow
pregnancy (William et al., 2000).

The specific purpose of this study was to evaluate the
effects of supplementing different levels of FEO on
chemical composition and in vitro degradability
parameters in alfalfa silage.

MATERIAL and METHODS

Green flax seeds (about 2 kg) were crushed and sifted
with a mill. 200 g of milled flaxseed was immersed by
maceration using an n-hexane solvent (Sayyah et al.,
2005). The EOs were stored at 4°C until they were used
in the experiment (Table 1).

Table 1. Aromatic compounds in flaxseed essential oil
(percentage of total compounds)

Cizelge 1. Keten tohumu esansiyel yagindaki aromatic
bilesikler (Toplam bilesiklerin %’si olarak)

Compounds %
75.198 9-Octadecenoic acid
1.640 Decane
0.632 Dodecane
0.613 Hexadecanoic acid
0.375 Linolenic
6.020 Linoleic acid
0.213 Nonane
4.380 Octadecanoic acid
0.526 Octane
0.213 Nonane
5.207 Pentadecene
0.113 Tridecane
0.188 Tetradecane
0.964 Undecane
75.198 9-Octadecenoic acid

Silage preparation and experimental treatments

The alfalfa samples were collected from a field in East
Azarbaijan province, then ensiled in laboratory-scale
mini silos for 60 days after chopping theoretically at 3-
5 cm length. The alfalfa was treated with no additives
(control) or treated with EO at the rate of 60 or 120
mg/kg. The EO used was FEO (FEO60 and FEOQ120).
Each treatment was provided in triplicate tubes.
Before ensiling, FEO was dissolved in aqueous ethanol
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(1 cc) (Chaves et al., 2012) and sprayed onto the
chopped alfalfa (3 Kg). The exact amount of ethanol (1
cc) was used for the control. The mini-silos (10 cm
diameter and 70 cm height) were sealed and stored at
room temperature (25°C to 28°C) for 60 days. After 60
days of ensiling, the silos were opened and used to
analyze chemical and fermentation quality.

The chemical compositions of the silage samples were
determined immediately after the opening. After the
opening of silos, the pH, soluble carbohydrate (WSC)
and dry matter (DM) of the samples were determined.
After drying and grinding, to determine the dry matter
(DM), the silage samples were dried in an oven for 48
hours after leaving the freezer at 65 °C and ground
with a 1 mm sieve. DM, crude protein (CP), ash (CA),
and ether extract (EE) contents were determined by
the procedures given by AOAC (2002). To measure
Ash, milled samples were placed in a furnace at 550 °C
for 5 hours.

The acid detergent fiber (ADF) and neutral detergent
fiber (NDF) were determined according to Van Soest et
al. (1991) procedures without the use of amylase and
sodium sulfite. The aqueous extract of ensiled samples
was prepared by mixing 20 g of silage with 180 ml of
deionized water and homogenizing this mix for 1 min.
Silage pH was determined using a pH meter. The
ammonia-N (NHs-N) concentration of acidified silage
extracts was determined using the Kjeldahl method.
To measure the WSC content by phenolic sulfuric acid
method (Dubius et al., 1956), 10 g of fresh silage was
poured into 90 cc of distilled water. After diluting the
samples, it was measured at 470 nm with a
spectrophotometer. Total volatile fatty acids (tVFA)
contents in silages were determined using the method
described by Markham (1942). Metaphosphoric acid (1
ml of 25%) was added to filtered extract (5 ml) to
determine tVFA. The method of Borshchevskaya et al.,
(2016) was used to determine lactic acid (LA) contents.

In Vitro Degradability

Rumen fluid was collected in a slaughterhouse using a
four-layer cheesecloth and transferred rapidly to the
laboratory in a 39° C water flask. Approximately 300
mg of silages was added to serum bottles. The 20 mL
of buffered rumen fluid with McDougall’s buffer was
pipetted into each serum bottle. The degradability was
recorded after 2, 4, 8, 12, and 24 h of incubation. The
degradability values are expressed as % of DM
(Besharati et al., 2008).

Rate and extent of degradability was determined for
each treatment by fitting data to the non-linear
function Y= a+b (1 — e~<t),

Where, yis the volume of degradability at time ¢, atb
the fermentation of soluble and insoluble fraction (% of
DM), and cthe constant fractional rate of fermentation
(@rskov and McDonald, 1979).
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ED=a+bxc/(c+0.05)

Where, effective degradability is 24 h fermentation (%
of DM); a, b and c are soluble part (%), insoluble with
degradability (%) and rate of degradability (DM/h),
respectively (Qrskov & McDonald, 1979).

Statistical analysis

Data obtained from chemical composition and
degradability were subjected to analysis of variance as
a completely randomized design by the GLM procedure
of SAS (2000). The significance of differences among
treatments was tested using Duncan test. Differences
were declared as significant at p <0.05.

RESULTS and DISCUSSION

The DM, OM, CP, WSC, ADF and NDF contents of
alfalfa before ensiling were 22.20, 88.40, 19.60, 3.74,
17.00 and 24.80%, respectively. The effects of EO on
the chemical composition of silages are shown in Fig 1.
Adding FEO increased DM and CP contents of silages
and decreased pH and NDF, and ADF contents. The
effects of EOs on DM can depend on the source of the
EO. Interactions or the habituation of microbial
populations to plant EOs varies. The increase in DM
content is probably due to the restriction of growth and
development of a certain group of microorganisms in
silage and, as a result, less loss of silage nutrients.
Relative to the control, CP concentration was increased
with treatments supplemented with EOs (P<0.001).
Turan et al. (2018) did not observe any change in crude
protein by adding plant EOs, probably related to the
amount of use and the type of silage. Some previous
studies have reported the inhibitory effects of some
plant EQs, including peppermint, on Clostridia growth
(IVergis et al., 1990). This may justify the increase in
CP in EO-containing silage. The FEO60 and FEO120
silages had lower NDF concentrations compared with
the control (p<0.001). The ADF content decreased in all
treatments compared to the control silage.

The addition of EOs to alfalfa silage decreased the pH
value (p<0.001) compared with the control. This
decrease in pH is due to lactic acid bacteria, which
increase lactic acid production in silos and reduce
acetic and butyric acid (Rowghani et al., 2018). On the
other hand, lowering the pH reduces the action of
proteolysis and plant enzymes or respiratory enzymes,
that of silage corruption, and prevents the conversion
of protein to non-protein nitrogen. The effects of EOs
on DM can depend on the source of the EO; interactions
or the habituation of microbial populations to plant
EOs varies. The increase in DM content is probably
due to the restriction of growth and development of a
certain group of microorganisms in silage and, as a
result, less loss of silage nutrients. Palangi & Macit
(2021) stated that the percentage of plant dry matter
depends on many factors such as species, growth
stages of different parts of the plant, soil moisture, and
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rainfall. The chemical composition of forage plants
under natural conditions is influenced by topographic
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Figure

1. Effect of FEO on chemical composition of silage after 60 d of silage (DM, %)

Sekil 1. KEY’in 60 giinliik silajdan sonraki silajin kimyasal kompozisyonu iizerine etkisi (%KM)

Trt: control: silage without additives, F60: silage with 60 ml FEO/kg, F120: silage with 120 ml FEO/kg. Chemical composition2 DM, dry matter;
CP, crude protein; NDF, neutral detergent fiber; CA, crude ash; WSC: water soluble carbohydrate; ADF, acid detergent fiber. The means

without common letter(s) differ (p<0.05)

In vitro Degradability

The results of degradability values and degradability
parameters are shown in Table 2. Adding FEO to
alfalfa silage increased DM, OM degradability and the
rate of degradation of OM and DM in all treatments
compared to the control (p<0.05). After 24 h of
incubation, the treatment FEO120 had the highest
(64.452+0.040), and the treatment control had the
lowest OM degradability (61.84¢+0.037) (p<0.05).
According to the presented results, 2 h after
incubation, the highest rate of CP degradability was
for control, and the lowest rate of CP degradability was
for treatment FEO60. In 24 h after incubation,
treatment FEO60 had the highest degradability rate.
The concentration of EOs in plants is affected by
factors such as species, subspecies, geographical
location, the harvest time of the plant, and the part
used for EO collection. In addition, factors such as
light, heat, and moisture stress also affect their
concentration in the plant.

The effects of EOs on rumen microbial populations are
dose-dependent (Macheboeuf et al., 2008). The results
of this experiment agree with the findings of Chaves et
al. (2012) and Hodjatpanah et al., (2016). In another
experiment, the processing of alfalfa silage with thyme
EOs decreased in vitro degradation (Amini Pour et al.,
2017). The experiment of Hodjatpanah et al. (2016)
examined the EOs of mint, oregano, thyme, cumin, and
cinnamon to change silage fermentation and gas
production that the degradability of EO treatments in
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24 hours of incubation increased significantly
compared to the control. Salam et al. (2011) reported a
decrease in the digestibility of dry matter and organic
matter due to the addition of EOs. In an experiment
conducted by Newbold et al. (2004), adding a mixture
of active compounds of plant EOs to the diet of adult
sheep did not affect the degradability of dry matter.
Adsogan et al. (2004) reported that inoculation with
EOs increased the digestibility of OM, DM, NDF, and
ADF.

Degradation Parameters

The fermentation properties of CP, DM, NDF, and OM
of alfalfa silage are presented in Table 3. The results
show that FEO60 significantly increases the effective
degradability (ED), increasing the soluble fraction of
DM (a) (56.89°+ 0.58, 61.88°+0.56, 54.7°+0.67).

The degradability potential (PD) of alfalfa silage in the
FEO120 increased, which is statistically significant
with the control (p<0.05) (63.75P+0.31, 64.562b+0.37,
64.572+0.37). Decreased of insoluble part (b)
degradability of alfalfa silage by adding FEO60, which
was significant compared to the control. Increasing or
decreasing the degradability of the insoluble part
depends on the dose used at the silage level. The
constant DM degradability rate, FEO60, was
significantly different from the control and was
numerically higher than theirs. According to the
reported results, the organic matter solution (a) was
significantly different, statistically significant from the
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control treatment. FEO60 treatment significantly
increased the soluble fraction of OM compared to the
control. The ED of organic matter was the highest for
FEO60. According to the reported results, the rate of
degradability of the rapidly decomposing part (a) of
crude protein, FEOG60, has significantly increased with
the control. The results of this experiment showed that
the addition of EOs to alfalfa silage caused a
significant decrease in the insoluble fraction (b) of CP
(p <0.05). In terms of effective degradability (ED) of
crude alfalfa silage protein, the highest amount is
associated with the control, and the lowest amount of
ED is related to F120 at a passing rate of 2% per hour,
which shows a significant decrease compared to all
treatments (p <0.05). However, more tests are needed

to determine the appropriate dose of EO; different
species of EOs can alter the binding and colonization
of ruminal microbes relative to plant materials
entering the rumen and are likely to affect the
segregation of insoluble protein sources as opposed to
soluble protein sources (Moselhy et al., 2016). Due to
the low amount of soluble carbohydrates, alfalfa makes
the fermentable substrate a limiting factor in changing
silage compositions. In this case, adding compounds
such as EOs with cell wall digestion provides the
amount of substrate available for fermentation
(Besharati et al., 2019). High cell wall digestibility
positively affects dry matter intake, while cell wall
concentration negatively correlates with the amount of
feed cell wall (Duodu et al., 2003).

Table 2. The effect of FEO on fermentation properties of alfalfa silage (% of DM).
Cizelge 2. Keten tohumu esansiyel yaginin yonca silajinin fermentasyon ézelliklerine olan etkisi (%KM)

Incubation times (h) Trt!
24 12 8 4 2 DM (%)
61.88£0.53 51.24+0.37 46.64+0.63 34.99:+0.35 24.93¢+0.48 Control
65.822+0.55 57.972+0.37 52.262+0.63 45.423+0.35 34.282+0.36 FEO60
63.88+0.60 52.94b+0.39 46.420+0.67 35.70b+0.35 32.445+0.36 FE0120
0.319 0.702 0.728 0.355 0.605 SEM
<.0001 <.0001 <.0001 <.0001 <.0001 P-value
OM(%)
61.84+0.037 52.52b+0.15 38.33c+0.24 27.67+0.68 27.670+0.57 Control
62.63b+0.049 59.922+0.15 54.260+0.24 43.992+0.53 32.292+0.41 FEO060
64.452+0.040 52.970+0.15 47.439+0.24 32.700+0.37 31.453+0.57 FEO0120
0.084 0.073 0.041 0.218 0.051 SEM
<.0001 <.0001 <.0001 <.0001 <.0001 p-value
CP(%)
56.522+0.22 45.3224+0.14 34.442+0.22 23.162b+0.33 17.592+0.21 Control
35.18+0.21 28.99¢+0.18 23.07¢+£0.23 17.01b+0.32 13.47+0.25 FEO060
40.54b+0.22 33.05+0.11 30.30b+0.22 24.642+0.32 14.05P+0.21 FEO0120
0.269 0.186 0.202 0.383 0.156 SEM
<.0001 <.0001 <.0001 <.0001 <.0001 p-value
NDF(%)
47.433+0.45 36.762+0.33 31.5724+0.14 26.672+0.15 24.32:4+0.24 Control
42.17+0.45 32.60v+0.33 26.55£0.13 22.90¢+0.24 20.06b+0.28 FEO060
45.10v+0.46 32.772b+0.33 29.03+0.12 24.11+0.17 21.962b+(0.29 FEO0120
0.437 0.380 0.147 0.081 0.125 SEM
<.0001 <.0001 <.0001 <.0001 <.0001 p-value
47.433+0.45 36.762+0.33 31.572+0.14 26.673+0.15 24.32:4+0.24 Control

Trt!-control: silage without additives, FEO60: silage with 60 ml FEO/kg, FEO120: silage with 120 ml FEO/kg. Means within

same column with different superscripts differ (2<0.05).

Ruminal Metabolites

The effect of adding EOs in this study on the
concentration of tVFA and NHs-N and pH alfalfa silage
in 24 hours after incubation is shown in Table 4. After
24 hours of incubation, ammonia nitrogen in FEOG60
increased, and the control decreased (p <0.05).
Ammonia-producing bacteria may show different
sensitivities to the addition of EOs. EOs and their
compounds have been shown to affect ruminal nitrogen

metabolism in dose-dependent methods. The results
show that the addition of FEO120 caused a significant
increase in tVFA (p <0.05). The lowest amount of tVFA
was related to the treatment control. However,
decreased ruminal ammonia N concentration and
decreased tVFA  concentration indicate that
fermentation in the diet as a whole has decreased. The
pH changes 24 hours after incubation show that the
pH of all treatments increased slightly.
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Table 3. The effect of different levels of FEO on fermentation properties parameters of alfalfa silage
Cizelge 3. Farkl diizeylerdeki keten tohumu esansiyel yaginin yonca silajinin fermentasyon ozelliklerine olan etkisi
Ttems Treatment
K(0.08) K(0.05) K(0.01) ED PD c b a DM
44.63+0.22 50.46¢+0.24 60.13¢+0.37 56.89:+0.58 63.75P+0.31 0.125b+0.02 49.012+0.62 14.73p+0.68 Control
51.072+0.19 54.87a+0.22 61.83b+0.37 61.882+0.56 64.562b+0.37 0.172+0.03 40.84°+0.66 23.232b+0.63 FEO60
47.93>+0.16 53.67v+0.52 67.002+0.39 54.75+0.67 64.573+0.37 0.075¢£0.02 47.897+0.61 24.732+0.64 FEO120
0.231 0.416 0.337 0.955 0.46 0.010 1.017 1.094 SEM
<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 P-value
oM
21.93+0.06 23.03"+0.08 26.33+0.50 23.09+0.15 28.18+0.64 0.0400+0.003 9.65+0.32 18.532+0.06 Control
22.542+0.05 23.50:+£0.06 26.31+£0.28 23.43:+0.11 27.93+0.24 0.0782+0.004 9.02+0.16 18.11>+0.09 FEO60
22.300+0.03 23.000+0.02 25.42+0.67 23.29°+0.28 26.73+0.39 0.0522P+0.002 7.605+£0.52 18.65:+0.03 FEO120
0.028 0.058 0.295 0.035 0.257 0.003 0.372 0.131 SEM
<.0001 0.0021 0.396 0.0005 0.230 0.038 0.107 0.005 P-value
CP
46.302+0.77 35.500+0.49 42.67°+0.08 56.872+£0.51 62.532+0.31 0.090°+0.001 54.702+0.28 7.83°+0.13 Control
35.30+0.72 39.572+£0.28 49.732+£0.09 40.47°+0.58 53.470+0.37 0.112+0.002 43.665+0.37 9.802+0.13 FEO60
24.33°+0.74 27.93+0.50 39.23°+0.15 28.37¢+0.54 39.53°+0.62 0.08¢+0.001 31.32¢+0.68 8.21b+0.11 FEO120
0.846 0.601 0.087 2.574 1.059 0.0104 1.086 0.364 SEM
<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 P-value
NDF
35.932+0.50 40.432+0.62 56.032+0.76 40.482+0.67 65.302+0.54 0.036+0.002 42.58"+0.74 22.712+0.64 Control
30.33<+0.54 35.13+0.79 51.83v+0.77 35.15:+0.66 62.74>+0.50 0.041b+0.001 46.52:40.62 16.22:+0.64 FEO60
33.20r+0.51 37.777+0.78 46.10+0.74 37.82b+0.68 60.17+0.62 0.0462+0.003 41.39°+0.62 18.80°+0.64 FEO120
0.795 1.016 1.051 0.767 0.858 0.0012 0.778 0.644 SEM
<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 P-value

Treatment!-control: silage without additives, FEO60: silage with 60 ml FEO/kg, FEO120: silage with 120 ml FEO/kg.

different superscripts differ (2<0.05).
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Table 4. The effect of different levels of FEO on tVFA, NH3-N and pH of experimental treatments
Cizelge 4. Farkll diizeylerdeki keten tohumu esansiyel yaginin tVFA, NH3-N ve pHa olan etkisi

Incubation times (h) Treatments?!
24 12 8 4 2 pH
6.49¢+0.02 6.60+0.02 6.77°+0.03 6.83v+0.01 6.93v+0.03 control
6.50°+0.02 6.57¢+0.01 6.63¢+0.02 6.72¢+£0.01 6.86¢+0.06 FEO60
6.512+0.01 6.832+0.02 6.902+0.02 6.942+0.02 6.992+0.01 FEO120
0.0411 0.0192 0.019 0.053 0.0275 SEM
<.0001 <.0001 <.0001 <.0001 <.0001 p-value
NH3-N (mmol/L)
142.33¢+0.31 135.332b+0.123 112.00¢+£0.47 100.33¢+0.19 84.00¢+0.42 control
161.00a+0.30 149.332+0.27 137.672+0.46 114.33v+0.18 102.67v+0.42 FEO60
149.33v+0.31 137.67+0.28 130.67+0.48 116.672+0.16 107.332+0.49 FEO120
0.367 0.245 0.410 0.132 0.440 SEM
<.0001 <.0001 <.0001 <.0001 <.0001 p-value
Ruminal VFA
(mmol/L)
24.67+0.40 35.00¢+0.36 40.33¢+0.14 46.33+0.13 61.00+0.35 control
41.672+0.37 49.00+0.49 57.33b+0.12 86.332+0.17 96.332+0.33 FEO60
45.67v+0.32 52.002+0.40 62.672+0.12 77.33v+0.15 93.33v+0.32 FEO120
0.451 0.401 0.212 0.125 0.342 SEM
<.0001 <.0001 <.0001 <.0001 <.0001 p-value

Treatment!-control: silage without additives, FEO60: silage with 60 ml FEO/kg DM, FEO120: silage with 120 ml
FEO/kg DM. Means within same column with different superscripts differ (£<0.05)

The highest significant increase was related to the
treatment FEO120 compared to the control (p <0.05).
Kolling et al. (2018) reported no significant effect of
adding EOs on ruminal ammonia concentration
(Kolling et al. 2018). Puupponen-Pimi# et al. (2011)
also stated that different levels of lemon did not have
a significant effect on NH3-N. The effects of EOs on
ruminal nitrogen metabolism are probably due to high
bacterial ammonia production, resulting in reduced
amino acid deamination and ammonia N production.

The discrepancy between these studies and some of the
treatments of the present study can be attributed to
the differences in the doses used.

Numerous in vitro studies have been performed to
determine the effects of KOs and their main
Compounds on N metabolism in the rumen. Basquit et
al. (2005) stated that the EOs of cinnamon, cloves,
oregano, green tea, garlic oil, cinnamaldehyde,
caracrol, and eugenol increased the pH of the abdomen
during 24 hours of incubation. In studies (Kolling et
al., 2018; Foskolos et al., 2016), an increase in pH was
associated with a reduction in the concentration of
tVFA, which indicates a decrease in the fermentability
of the diet due to the antimicrobial activity of phenolic
compounds. In general, the differences between the
results of the present study and other studies can be
related to differences in the type, dose, and chemical
composition of the EO used the composition of the basic
diet, and test conditions (in vivo versus in vitro, the
duration of the test). Natural additives could improve
animal performance through modulating rumen

fermentation (Valero, 2014).

CONCLUSION

The obtained data show that FEO had a positive effect
on alfalfa silage quality and 1its fermentation
properties. Based on the obtained results, it can be
concluded that the use of EO as silage additive has the
potential to improve its nutritional value and silage
quality.
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ABSTRACT
This study was performed to assess the nutritional value of specific tree
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species (laurus nobilis, albizia julibrissin, glycyrrhiza glabra, salix alba, Research Article

robinia pseudoacacia, liquidambar orientalis, juniperus communis,

quercus coccifera, cedrus libani, arbutus andrachne) growing in different Article History

regions of Kahramanmaras, besides the gas production of the leaves and Received 1 02.02.2022
their extracts at various dose levels (0.6, 1.2 and 1.8 mL). The ADF and Accepted 1 06.08.2022
NDF contents were differed between 16.20% - 32.47% and 28%-49.66%,

respectively. Liquidambar orientalis leaves had the highest values for Keywords

both characteristics, whereas Salix alba leaves had the lowest values. The Tree leaves

CP value, varied between 7.94% and 25.94%. Liquidambar orientalis Extracts

leaves had the highest concentration of condensed tannins, 16.19%, and
Albizia julibrissin leaves had the lowest concentration, 2.12%. ME and
OMD values ranged from 6.72 to 10.24 MdJ kg and 43.68 to 65.72%,
respectively. The GP content of the samples varied between 22.25-40.03
mL 200! mg(DM). According to the study's various dose, GP and CH4
production significantly increased when compared to the control group.
The GP of leaf extracts for the control group was 44.89 mL, and doses at,
0.6, 1.2, and 1.8 mL were found; 51.05-105.96 mL, 52.71-106.26 mL, and
47.33-106.85 mL correspondingly. Methane production (%) concentration
for the control group were 16.54%, and at 0.6, 1.2 and 1.8 mL doses were
observed  16.64%-34.40%, 22.44%-34.80% and 18.41%-31.46%
respectively. Significant relationships between CH4 production, ADF, and
NDF have been found.

Enteric methane
Metabolizable energy
Digestibility

Baz1 Agac Yapraklari ve Ekstraktlarmin Potansiyel Besin Degerlerinin In Vitro Gaz Uretim Yéntemiyle

Aragtirilmasi
OZET Zootekni
Bu arastirma, Kahramanmarag'in farkli bélgelerinde yetisen (defne,
giilibirsim, meyan, sogiit, akasya, sigla, ardic, mese, sedir ve sandal) agac Aragtirma Makalesi
turlerinin besin degerleri ile yaprak ve ekstraktlarinin farkli doz . .
seviyelerinde (0.6, 1.2 ve 1.8 ml) gaz iiretimini belirlemek amaciyla Makale T.ar'lh(;e‘s1
Gelig Tarihi  :02.02.2022

yapilmigtir. ADF ve NDF igerikleri sirasiyla %16.20-%32.47 ve %28-
%49.66 degerleri arasinda farkhlik géstermigtir. Her iki 6zellik agisindan
(ADF, NDF) en yiiksek degerler sigla, en diisiik degerler ise sogiit

Kabul Tarihi :06.08.2022

Anahtar Kelimele
yapraklarinda bulunmustur. HP degeri ise %7.94 ile %25.94 arasinda Agac yali)rakigll g
degismistir. Kondanse tanen igerikleri en yiiksek %16.19 ile sigla Ekstraktlar

yapraklarinda, en diigik degeri ise %2.12 ile giilibirgsim yapraklarinda
bulunmustur. Besin degerleri, metabolik enerji (ME) ve organik madde
sindirim derecesi (OMD) sirasiyla 6.72-10.24 MdJ kg'! ve %43.68-%65.72
arasinda degigsmektedir. Numunelerin gaz iretim (GU) icerigi 22.25-
40.03 mL 200! mg (KM) arasinda degismistir. Calismada kullanilan
farkli doz, kontrol grubuna kiyasla hem GUnde hem de CHy iiretiminde
onemli artiglar bulunmustur. Kontrol grubunun GU'i 44.89 mL iken, 0.6,
1.2 ve 1.8 mL'deki dozlarin GU’leri sirasiyla 51.05-105.96 mL, 52.71-
106.26 mL ve 47.33-106.85 mL arasinda degisiklik géstermistir. Kontrol
grubu icin CH4 iiretimi (%) konsantrasyonu %16.54 olup, 0.6, 1.2 ve 1,8

Enterik metan uretimi
Metabolize enerji
Sindirilebilirlik
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mL dozlarinda sirasiyla %16.64-%34.40, %22.44-%34.80 ve %18.41-
%31.46 arasinda farkhilik goézlenmistir. CH4 tiretimi ile ADF ve NDF

arasinda anlaml iligkiler oldugu tespit edilmigtir.
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INTRODUCTION

The world population and food consumption continue
to increase rapidly, it is thought that animal foods
required for nutrition can be met less due to current
speed. In Turkiye, the degradation of natural pasture
lands by man, the inability to meet the roughage needs
adequately, feeding animals directly from some plant
products, and the inefficient use of potential human
foods are seen as the main problems.

Thanks to their ability to turn into plant matter into
the food sources, ruminants are improving the
nutritional standard of societies (Anonymous, 2011).
Its have always contributed greatly to the well-being of
societies by providing food, fuel (manure), fertilizer
and other products and services. These animals in
another word can be called also renewable living
resources (Steensland and Zeigler, 2021). A wide
variety of plant materials not included in the diets of
livestock systems are used in the feeding of cattle and
small ruminants when they encounter feed gaps
(Salem, 2010). Some varieties of tree leaves are
traditional fodder for sheep and goats (Muwanika et
al., 2018; Nsubuga et al., 2019). And some varieties are
also fed to cattle and buffaloes. Leaves of different
species have different nutritional properties.
Generally, the leaves in the early stages of growth
contain a fairly high content of CP and a relatively low
fiber content. As plant maturation progress, there is a
gradual decrease in protein content and an increase in
crude fiber (Singh, 2019).

Small ruminant livestock breeders in some regions
actually use a range of tropical plants to feed their
animals daily, especially during the dry season and are
therefore currently actually unwittingly reducing
enteric CHs emissions (Anonymous, 2019a;
Anonymous, 2019b). It is the responsibility of
researchers to explain this to academia and the public.
There is a grand possibility to reduce enteric CHs
releases in the livestock in such countries, as well as
opportunities to improve the productivity. Countries
that are included in the UNFCCC can encourage the
widespread use of CH4 reduction practices by providing
various supports to producers who switch to CHa4
abatement practices (Herrero et al., 2016; Salmon et
al., 2020; Ku-Vera et al.,2020).

The livestock sector is also the source of emissions of
CH4 and COz gases, which pollute the atmosphere and
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contribute to the greenhouse effect. This sector
requires significant natural resources and takes an
important place in global greenhouse gases (GHG)
emissions. The most important GHG from animal
husbandry are methane and nitrous oxide. Therefore,
strategies and studies to reduce methane emissions
are important. Methane production i1s an important
formation both because it is approximately 23 - 25
times more effective than COg2, which contributes to
global warming, and because it causes yields to lose 2
- 12% energy in ruminant feeding (Patra, 2012; Singh
et al.,, 2012; Ramin and Huhtanen, 2013; Pifeiro-
Vézquez et al., 2015; Haque, 2018).

The gradual restriction of chemical additives in animal
feed directs producers and investigators to alternative
natural products in animal nutrition. These natural
products allow them to be resistant to predators and
pathogens thanks to their plant secondary metabolites
(saponins, condensed tannins, alkaloids, lignin,
antioxidants, and essential oils). Due to its highly
effective anti-microbial activities, these compounds
can be used in a specific inhibition on a microbial group
belonging to the ecosystem that performs fermentation
in the rumen (Benchaa et al., 2008). Methanogenesis
reduces the efficiency of the use of nutrients in
ruminant animals. Therefore, reducing CH4
production of the ruminal microbial ecosystem and
converting to the energy exceeded by CHi gas into
efficiency is extremely important for animal feeding
(Haque, 2018).

Previously, in order to increase the production
efficiency of ruminants; feed additives such as
ionospheres, antibiotics, and CH4 inhibitors have been
used in animal feeds to improve rumen fermentation.
Whereas, most of such supplements are not used
always due to poisonous effect issues and possible
rumen microbial modification. In addition, using of
these chemicals in animal feeds has been restricted in
the EU since 2006 owing to the risk of the residuum in
livestock products and a potential adverse effects on
human health (Jouany and Morgavi, 2007; Demirtas
et al., 2018).

Inclusion of plant materials containing plant
secondary metabolities (PSM) such as saponins or
phenolic compounds appears to be a substitute feeding
strategy to reduce CH4 release in ruminants because
many plants are rich in their secondary metabolites. In
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addition, it has been reported that these needs can be
met by substitution of alternative feed materials such
as plants, shrubs and trees in order to meet the vital
and production needs of small ruminants during
periods of feed gap (Bodas et al., 2012; Ebrahim and
Negussie, 2020).

The aim of this study is to determine nutritive values
of some tree leaves, and also the GP that will be formed
as a result of rumen fermentation of leaves and their
extracts added at different dose levels. These
mentioned tree leaves are chosen cause of they are
especially used in the feeding of ovine by the farmers
in Kahramanmarag region. Besides that, in order to
meet the roughage needs of ruminant animals during
the harsh and cold winter months, it will be
investigated whether this need can be met when using
with those tree leaves grown in the region as a
substitute (Akcil and Denek, 2013; Kamalak et al.,
2015).

MATERIAL and METHOD

Feed samples of the study were supplied from different
locations (37°61'94.0"N, 36°80'68.3"E, 37°34'00.7"N
36°34'38.0"E, 37°58'24.6"N, 36°86'66.0"E) of
Kahramanmaras in the East-Mediterranean region of
Tiirkiye in late May 2019 (spring season), when leaves
were fresh. Each leaf sample was collected from 15-20
different tree species in the specified coordinates, then
they were mixed for extraction and further use in the
Animal Nutrition Laboratory at Kahramanmaras
Sutcu Imam University. The leaves were arranged and
then put into the oven for determination of dry matter
content. The remaining portions of leaves were left to
dry in shade. The plant materials were ground with a
1 mm diameter screen mill for chemical and in vitro
analysis. Dry matter (DM), ether extracts (EE), crude
protein (CP), crude ash (CA) and organic matter (OM)
contents of samples were determined according to
AOAC, 1990 procedures. Plant cell wall structures;
acid detergent fiber (ADF) and neutral detergent fiber
(NDF) were made according to the method reported by
Van Soest et al., 1991 and condensed tannins (CT)
contents of leaves were made according to the method
reported by Makkar et al., 1995.

In Vitro Gas Production of Leaves

The rumen fluid used for in vitro gas production
analysis was obtained from 3 awassi rams which were
2 years old (Ethics Committee Report No: 2020/09-01).
These rams were fed twice daily with a diet mixed of
60% roughage (alfalfa hay) and 40% grain (barley).
Leaf samples were weighed 200 mg in four repetitions
(n=4), placed in glass syringes together with 30 mL of
mixture solution (10 mL of rumen fluid + 20 mL of
buffer solution) and incubated in a water bath at 39 °C.
And then gas productions were carried out after 24
hours of incubation (Menke et al., 1979). Total gas
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obtained from samples was determined by subtracting
the gas volume obtained from 4 repetitions of control
tests of the measurements. And then the gas formed in
glass syringes into the plastic syringes was
transferred. After 24 hours of fermentation, the CH4
concentration of the total gas transferred to plastic
syringes was measured with an infrared CH4 analyzer
device (Sensor Europe GmbH, Erkrath, Germany) as
mL and (%) percent (Goel et al., 2008).

Extraction of Leaves and In Vitro Gas Production of
Dose Levels

Leaves were chopped freshly (1-2 cm) and immediately
extracted in a 10 g leaf+80 mL solvent mixture. The
mixture of solvents contained 10 mL of methanol (99.8
1001, 10 mL of ethanol (99 100) and 80 mL of
distilled water (Cedillo et al., 2014). According to
former studies, it was considered that these solvents
would not have an effect on fermentation. Plant
materials were added to 250 mL closed flasks as 10g
leaf + 80 mL solvent individually and then put on a hot
plate, set at 25 - 30 °C mixed for 24 hours. After this
process, the solid and liquid parts were separated from
each other by filtration through Whatman filter paper
(No: 1). Finally, it was stored at +4 °C for later use in
the in vitro analysis. In order to prepare in vitro gas
production analysis; 200 mg of alfalfa hay was weighed
and added with 30 mL of mixed solution into the glass
syringes. After that stored extracts were transferred
by injectors to glass syringes at dose levels of 0.6, 1.2
and 1.8 mL respectively. And finally, without delay,
those syringes has shaken fastly then directly put for
incubation at 39 °C in a water bath. And then gas
productions were carried out after 24 hours of
incubation (Menke et al., 1979). Total gas obtained
from samples was determined by subtracting the gas
volume obtained from 4 repetitions of control tests of
the measurements. And then the gas formed in glass
syringes into the plastic syringes was transferred.
After 24 hours of fermentation, the CH4 concentration
of the total gas transferred to plastic syringes was
measured with an infrared CHs analyzer device
(Sensor Europe GmbH, Erkrath, Germany) as mL and
(%) percent (Goel et al., 2008).

Estimation of Tree Leaves Fermentation Parameters

Organic matter digestibility (OMD) of tree leaves was
determined by using at 24th hour in vitro gas
production, CP and CA values which are given in the
below equation (Menke, 1988).

OMD (%) =14.88+0.8893*GP+0.448*CP+0.00651*CA (Eq.1)
The metabolic energy (ME) content of the feedstuffs
was estimated by using in vitro gas production, CP and
EE values of analysis which are given in the below
equations (Blliimmel and Orskov, 1993).

ME MJ/kg DM)= 2.2+ 0.13576*GP+0.057*CP
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+0.02859*EE2
OMD: Organic Matter Digestibility

GP: Gas Production (where 24h net GP of mL 200! mg
DM)

CP: Crude Protein (% DM)
A: Ash (% DM)
EE: Ether Extract (% DM).

(Eq.2)

Statistical Analysis

Normality tests were applied in order to statistically
evaluate chemical composition, total gas production
and CHs (mL and %) concentration of leaves. As the
statistical analysis showed normal distribution, it was
subjected to analysis of variance (ANOVA). Since the
analysis of variance is homogeneous, the differences
between treatment means were examined by Tukey
multiple comparison tests (Pearse, 1966) through
SPSS 25.0 software (Anonymous, 2017). The
differences between the means were evaluated at the
p<0.05 level.

RESULTS and DISCUSSION

The nutritional compositions of the tree leaves used in
this study were investigated in terms of DM, CA, OM,
ADF, NDF, EE, CP, and CT analysis, obtained results
were given in Table 1. It is mentioned that in the
literature; factors such as the use of different
consumables, different processing, measurement
method, growth stage, ripening level, drying method,
climatic conditions, seasonal changes, geographical
and soil properties are indicated to be effective in the
formation of chemical composition (Kilic, 2010). Since
the chemical composition is one of the most important
indicators of the nutritional value of feeds, it can be
predicted that different chemical compositions lead to
differences in nutritional values index.

The DM of tree leaves content were ranged between
24.28 - 53.67 (DM %), the highest DM value was found
in J.communis and the lowest was in A. julibrissin
leaves (Table 1). The cell wall structures of the tree
leaves ranged from 16.20% to 32.47% in terms of ADF.
L. orientalis was found at the highest rate in terms of
ADF content of 32.47%, and S.alba was found at the
lowest rate with 16.20%. Another cell wall structure,
NDF, varied in content from 28.69% to 49.66%. The
highest NDF rate was found in L. orientalis and J.
communis with 49.66%, 48.55% respectively, and the
lowest rate was found in G. glabra leaves with 28.69%.
Comparing the data obtained from the cell wall
structure elements of tree leaves belonging to ADF and
NDF with other studies; in harmony with the findings
of some researchers (Kamalak et al., 2005; Kilic, 2010;
Boga, 2014) while some found their findings (Kamalak
et al., 2011; Kara et al., 2015) was to be different.

The plant cell wall that forms the structure of the feed
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samples is asked to be low in ADF (Van Soest, 1994).
When this recommendation is taken into account, the
lowest ADF content of the study was found in S.alba
leaves, so it is understood that the animal feeding
value is more important than others. Since fibrous
feeds with less than 45% (in DM) of NDF content are
in the class of high-quality roughage, tree leaves
examined in the current study can be considered high-
quality roughage feed sources. A diet with high NDF
ratio can reduce the dry matter intake (DMI).
However, tree leaves with low NDF content in rumen
make the feed break down, ingest and digest more
quickly than in the meadow.

EE content of tree leaves obtained in the study differed
between 3.52% - 13.90%. In terms of EE amount, the
lowest rate was found in Q. coccifera structures with
3.52%, and the highest rate was found in G. glabra
with 13.90%.

CP content of leaves was found between 7.94% -
25.94%. And the highest value was found in A.
julibrissin leaves. The CP content of ruminants should
be at least 10% in their diets, it has been reported from
previous studies that is below this amount will cause
the microbial activities in the rumen to work limitedly
and therefore the desired yield will not be achieved. In
this research, as can be seen from the following in
Table 1, only A. andrachne, J. communis and C. libani
leaves were found to be below 10% CP. Moreover, CP
content of these samples was found to be higher than
the value of ruminants need at least 7% CP to provide
the ammonia needed by rumen micro-organisms to
optimally support microbial growth. The protein
requirement for the maintenance of lactating sheep is
7 - 9% in the diet and 10 - 12% crude protein for the
lactation period (Tatliyer et al., 2019; Kaya, 2021).
Although the CP content of these tree leaves meets
some needs of ruminants, the diets provided to animals
should be supplemented with an additional protein
source, since it is not at a level to meet production
periods (Tatliyer et al., 2019). Therefore, it is thought
that the protein content of the leaves obtained from J.
communis, C. libani and A. andrachne is at a level to
meet the protein requirement of the sheep
maintenance, but not sufficient for milk yield.
Additionally, it has been reported by many researchers
that diets containing more than 5% CT reduce nutrient
digestion and feed consumption, and that condensed
grain forms a compound with proteins and inhibits the
activity of microorganisms and enzymes (Makkar et
al., 1989; Silanikove et al., 1994; Tatliyer et al., 2019).
So that, whenever L. orientalis, C.libani, R.
pseudoacacia, S. Alba and J. Communis leaves
provided to diet of ruminants, it should be taken into
consideration of their CT contents.

The GP, CH4 production (mL and %) resulting from
fermentation of tree leaves analyzed in this study by in
vitro gas production method at 24-hour incubation,
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metabolic energy (ME), and organic matter digestivity
(OMD) are given in Table 2. As a result of the
incubation of the tree leaves investigated, significant
differences were found between the values of GP, CH4
(mL and %), ME, and OMD (p<0.001). GP of matters
was ranged between 22.25 mL - 40.03 mL. The highest
production was found in A. julibrissin, and the lowest
in G. glabra leaves. Likewise, CH4 productions (mL)
formed as a result of 24-hour incubations of tree leaves
changed between 1.50 - 4.98 mL, where the lowest CH4
production was found in G. glabra as 1.50 mL, and the

Table 1. Chemical composition of Tree Leaves (% DM)

highest production was found in A. julibrissin. The
other parameter, CH: percentage (%) productions
varied between 6.76% - 12.46% within incubating for
24 hours in terms of fermentation. OMD calculated by
using gas values and chemical components produced as
a result of in vitro incubation of these tree leaves, and
it was found between 43.68 - 65.72%. The highest OMD
was found in A. julibrissin, and the lowest was in L.
orientalis leaves. In terms of ME values of tree leaves,
it was ranged from 6.72

Cizelge 1. Aga¢ Yapraklariin Kimyasal Bilesimi (% KM)
oM ADF

T. Species DM CA NDF EE CP CT
L. nobilis 40.21+0.30¢ | 4.12+0.03¢ 95.88+0.032 26.65+0.17¢ 42.23+0.37¢ 6.57+0.14¢ 10.94+0.05f 5.77+0.29de
A. julibrissin 24.28+0.06f | 5.57+0.12de 94.43+0.12¢d 18.81+0.15f 31.25+0.024 3.85+0.07¢ 25.94+0.052 2.12+0.06f
G. glabra 33.60+0.23¢ | 5.22+0.05¢ 94.78+0.05¢ 19.52+0.06¢f 29.36+0.79¢ 13.90+0.342 23.75+0.05P 6.83+0.434
S. alba 37.23+0.20¢ | 7.68+0.15P 92.32+0.15f 16.20+0.08¢ 28.69+0.22¢ 4.74+0.154 18.75+0.054 13.83+0.25P
R.pseudoacacia | 36.92+0.59d | 6.75+0.05¢ 93.25+0.05¢ 19.83+0.14¢ 29.68+0.19¢ 5.16+0.014 19.81+0.05¢ 14.14+0.42P
L.orientalis 43.40+0.28 | 5.61+0.034 94.39+0.034 32.47+0.222 49.66+0.232 5.26+0.124 10.25+0.05¢ 16.19+0.152
J. communis 53.67+0.342 | 8.55+0.052 91.45+0.05¢ 25.31+0.244 48.55+0.132 7.38+0.10P 8.63+0.05! 12.31+0.28¢
Q. coccifera 36.23+0.19¢ | 4.37+0.04f¢ 95.63+0.042b 24.84+0.304 44.96+0.10> 3.52+0.08¢ 12.25+0.05¢ 5.04+0.43¢
C. libani 36.65+0.21¢ | 4.27+0.03¢ 95.73+0.032 30.49+0.16" 45.17+0.07> 6.36+0.13¢ 7.94+0.05! 15.1240.07ab
A. andrachne 39.45+0.38¢ | 4.75+0.05f 95.25+0.05P 26.38+0.20¢ 41.37+0.05¢ 3.79+0.53¢ 9.75+0.05h 5.08+0.28¢
SEM 1.130 0.050 0.050 0.937 1.488 0.537 1.447 0.911
SE 0.443 0.108 0.108 0.270 0.435 0.213 0.070 0.423
Slg *k *k ¥k ¥k ¥k ¥k *% *%

DM: dry matter, A: crude ash, OM: organic matter, ADF: asit detergent fiber, NDF: neutral detergent fiber, EE: ether extracts,
CP: crude protein, CT: condensed tannins, SEM: Stnd. Error of Means, Stnd. of Error Sig.: Significancy, ** : (p<0.001)

MJ kg! (in DM) to 10.24 MJ kg'. According to this
feature, the lowest ME content was found in Q.
coccifera with 6.72 MdJ kg! and the highest ME value
was found in A. julibrissin with 10.24 MdJ kgl. The
probability of the feeds used in ruminant feeding being
anti-methanogenic can be determined based on the
percent (%) methane content of the gas produced by
fermentation and it's reported that there are three
groups that can be divided into feeds with anti-
methanogenic  potential. @ These  groups are
respectively, low (>11 to <14), medium (>6 to <11), and
high (>0 to <6) (Lépez et al., 2010). According to this
consideration, it is understood that the leaves of G.
glabra, S. alba, Q. coccifera, L.orientalis, C. libani, A.
andrachne, and R. pseudoacacia tree leaves in the
study may have anti-methanogenic properties.
Moreover, it can be said that none of these tree species
leaves are highly anti-methanogenic, especially J.
communis, L. nobilis and A. julibrissin leaves have low
anti-methanogenic properties according to Lopez et
al., 2010.

As Cheema et al., (2014) reported that the ME contents
of four different tree leaves varied between 5.77 and
9.07 MJ kg! in DM. The ME content of A. procera
leaves was found to be 7.57 MdJ kglin DM, and the ME
content of A. julibrissin leaves in this study was found
to be 10.24 MdJ kg in DM, higher than the value of the

same tree leaves reported by Cheema et al., (2014).
These different results; It is predicted that it is caused
by different tree species belonging to the same genus
but not the same harvest time and chemical
composition. To having a higher ME usability value of
A. julibrissin tree leaves than the other species may be
explained by DM digestibility and its better CP
quality. In addition, diversity in the chemical
composition of tree leaves may be due to the different
geographical distribution, climate, and maturity of
plant species (Kilic, 2010). In line with previous
studies, the nutritive values of these species provide a
good alternative fibrous feed sources for small
ruminants. Moreover, these species can be supplied to
ruminants as substitute feed by paying attention to the
amount in feed gaping periods.

The correlation coefficients (r) consisting of the
estimations of some parameters such as chemical
composition, GP, CHs production (mL and %),
metabolizable energy contents, and OMD of tree leaves
are given in Table 3. The GP was positively correlated
with CH4 (r=0.899 and r=0.611), ME (r=609), and OMD
(r=0.901) (p<0.01). The CH: (mL) was positively
correlated with ME (r=0.515) and OMD (r=0.789)
(p<0.01). In this study; It was found that ADF and
NDF showed a negative correlation (p<0.001) with GP.
The negative correlation between GP and ADF or NDF
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may be due to reduced microbial activity resulting conditions.

from increasingly  unfavorable environmental

Table 2. In vitro gas production and estimated digestion values of some tree leaves

Cizelge 2. Baz1 agag yapraklarinin in vitro gaz liretimi ve tahmini sindirim degerleri
Tree Species GP (mL) CH4 (mL) CH4 (%) OMD (%) ME (MJ kg
Laurus nobilis 26.79+1.3604 3.0440.132b 11.36+0.342ab 46.28+1.234f 7.814+0.204f
Albizia julibrissin 40.03+0.762 4.98+0.092 12.46+0.242 65.72+0.752 10.24+0.132
Glycyrrhiza glabra 22.25+0.384 1.50+0.04¢ 6.76+0.06¢ 48.71+0.31¢f 9.73+0.052b
Salix alba 30.95+0.76bd 2.3440.10¢d 7.56+0.20de 55.81+0.58bc 8.68+0.07bd
Robinia pseudoacacia 32.09+1.002b 3.50+0.19b 10.89+0.36 56.68+0.92p 8.98+0.14bc
Liquidambar orientalis 24.90+1.13bd 2.29+0.11¢¢ 9.21+0.05¢ 45.274+1.02¢f 7.25+0.14¢f
Juniperus communis 32.094+0.382b 3.56+0.14b 11.11+0.38P 52.85+0.37bd 8.70+0.08bd
Quercus coccifera 23.01+4.36¢d 1.91+0.384de 8.31+0.22¢d 43.68+3.89f 6.72+0.60f
Cedrus libani 28.30+1.13bd 2.6440.13¢d 9.32+0.08¢ 46.39+0.99df 7.77£0.154%
Arbutus andrachne 32.46+1.002b 3.00+0.05b¢ 9.27+0.27¢ 51.21+0.87be 7.95+0.17¢
SE 2.319 0.232 0.354 2.071 0.324
Slg *% *% *% *% *%

af Means with different symbols in the same column are significantly different from each other. SE: Standard Error. Sig.:
Significancy. **: P<0.001. GP: Gas production at 24h of incubation as mL/0.2g DM. CH4: in vitro methane production at 24h
as mL/0.2g DM. OMD: Organic matter digestibility. ME: Metabolizable energy (MdJ/kg DM)

Table 3. Correlations between nutritive values and in vitro incubation parameters of leaves
Cizelge 3. Yapraklarin besin degerleri ile in vitro inkiibasyon parametreleri arasindaki korelasyonlar

GP CH4 CH4 DM CA OM ADF NDF EE CP CT ME
(mL) (mL) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

CHs (ml) 0.899%* 1

CH. (%) 0.611%*  (.885%*

DM (%) -0.226 -0.192 1 1

CA (%) -0.433%*  -0.422* 0.005 0.079 1

OM (%) 0.342*  0.235 -0.395%  0.440%* 0.028 1

ADF (%)  -0.342*  -0.235 0.092 -.440%*  -0.028  -1** 1

NDF (%) -0.324*  -0.178 -0.092  0.474%*  -0.129  -.424%*  0.424*% 1

EE (%) -0.277 -0.122 0.092 0.644** -0.214 -0.194  0.194 0.901%** 1

CP (%) 0.273 0.220 0.144 -726%*  0.247  0.156 -0.156  -0.833** -.889** 1

CT (%) -0.167 -0.250 -0.024  0.506** 0.037  0.441%* -441** 0.283 0.198  -0.336* 1

ME (%) 0.609**  0.515%*  -0.190  -0.412* 0.368* 0.369*  -0.369%* -0.681** -711** 0.773** -0.226 1

OMD(%)  0.901**  0.789**  0.211 -0.411%  -0.213  0.457%* -457**  -0.648** -.605%* 0.643** -0.203 0.826**

*:Correlation is significant at level of 0.05, **:correlation is significant at level of 0.01

The effect parameters on gas production, methane
production mL, and percent (%)CHas production by
dosage levels of 0.6, 1.2, and 1.8 mL of extracts are
given in Table 4. Dosage levels of the extracts during
the 24-hour incubation period; GP, CH4 (mL and %)
values were found significant (P<0.001).

The GP of the extractions was found to be 44.89 mL for
the control group, and at 0.6, 1.2, and 1.8 mL dosage
levels were ranged between 51.05 - 105.96 mL, 52.71 -
106.26 mL, and 47.33 - 106.85 mL, respectively. The
CH4 productions (mL) of the extractions was found to
be 7.41 mL for the control group, and at 0.6, 1.2, and
1.8 mL dosage levels were ranged between 8.56 - 25.11
mL, 12.27 24.48 mL, and 8.71 25.72 mL,
respectively. The wused extractions in the study
significantly increased both GP and CH4 production
compared to the control. And the CH4 productions (%)
of the extractions was found to be 16.54% for the
control group, and at 0.6, 1.2, and 1.8 mL dosage levels
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were ranged between 16.64 - 34.40%, 22.44 - 34.80%,
and 18.41 - 31.46%, respectively (Table 4). In this
study, it was observed that the production of CHs (mL
and %) showed a proportionally higher increase than
the GP. Patra et al., (2006) obtained similar results
with different plant extracts in their study. They
reported that the GP and CHs production increases
could be due to the water-soluble sugar found in the
extracts. On the other hand, the possibility that the
methanol and ethanol mixed solution used in the
research may have an effect on gas and methane
production was not mentioned.

In contrast to this study, Oh et al., (2017) have found
GP at higher dosage levels (1.6%, 3.2%, and 6.4%) to be
lower than the lowest dosage level (0.8%) compared to
the control group (0%). As the dose amount has
increased, the CH4 production has also been found
lower than the control group.
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Table 4. Effects of tree leaf extracts at 0.6, 1.2 and 1.8 mL doses on rumen fermentation parameters
Cizelge 4. Yaprak ekstraktiarinin 0.6, 1.2 ve 1.8 mL doz seviyelerinde rumen fermantasyon parametreleri

etkilerr
Tree species Dosage level (mL) GP (mL) CH4 (mL) CH: (%)
Ln-0.6 51.05+1.50k 8.56+0.96k1 16.64+1.38m
Laurus nobilis Ln-1.2 52.71+0.661k 12.27+0.51ik 23.26+0.77hk
Ln-1.8 47.33+£0.013k 8.71+0.33k1 18.41+0.70''m
Aj-0.6 54.49+0.55¢k 11.58+0.60i1 21.24+0.90im
Albizia julibrissin Aj-1.2 60.22+0.98e1 17.58+0.38fh 29.21+0.74¢f
Aj-1.8 54.14+0.29¢k 11.95+0.50i1 22.07+0.83i1
Gg-0.6 59.88+0.55¢1 16.80+0.4081 28.06+0.57¢h
Glycyrrhiza glabra Gg-1.2 53.57+0.55hk 13.25+0.31hk 24.73+0.38fk
Gg-1.8 106.85+0.892 25.72+0.212 24.08+0.368k
Sa-0.6 105.96+2.322 23.60+0.722¢ 22.27+0.3771
Salix alba Sa-1.2 106.26+2.432 24.48+0.952b 23.02+0.62i1
Sa-1.8 102.71+£2.582b 21.08+£1.922¢ 20.43+1.41km
Rp-0.6 106.26+1.222 23.93+0.332b 22.53+0.2511
[Robinia pseudoacacia Rp-1.2 101.82+1.122ab 22.87+0.98¢ 22.44+0.771
Rp-1.8 95.60+3.15P 20.27+1.14b¢ 21.16+0.61i1
Lo-0.6 64.02+1.66¢¢ 16.32+0.67¢1i 25.46+0.38¢k
Liquidambar orientalis Lo-1.2 65.09+1.57¢¢ 18.39+0.79¢8 28.24+0.92¢¢
Lo-1.8 62.15+2.84dh 17.96+0.83fh 28.924+0.64¢f
Jc-0.6 63.22+1.764¢ 16.26+0.35¢87 25.79+0.96¢k
Juniperus communis Je-1.2 66.42+0.62c¢ 18.85+0.52¢¢ 28.39+0.81cdg
Jc-1.8 66.15+1.44¢c¢ 18.75+0.404¢ 28.37+0.65¢¢
Qc-0.6 63.75+1.40¢f 18.05+£0.37¢h 28.32+0.25¢¢
Quercus coccifera Qc-1.2 65.88+0.75¢¢ 18.71+0.54¢¢ 28.44+1.11¢¢
Qc-1.8 66.76+1.38¢¢ 18.27+1.28¢e8 27.29+1.45d1
Cl1-0.6 68.76+2.60¢¢ 23.59+2.21ad 34.09+1.89ab
Cedrus libani Cl-1.2 64.01+3.93¢¢ 20.85+1.80v¢ 32.424+1.03a«
Cl-1.8 63.01+2.06¢¢ 18.76+0.944d¢ 29.83+1.56b
Aa-0.6 73.01+1.56¢ 25.11+0.532b 34.40+0.43ab
IArbutus andrachne Aa-1.2 70.76+1.25¢d 24.63+0.622b 34.80+0.292
Aa-1.8 70.26+0.25¢d 22.10+0.34af 31.46+0.582d
SEM 1.728 0.474 0.460
SE 2.319 0.232 0.354

a’k Means with different symbols in the same column are significantly different from each other. SEM: Standard Error of Means.

SE: Standard Error Sig.: Significancy.
vitromethane production at 24h as mI/0.2g DM.

It's possible that a small amount of solvent residue left
over from the extraction process are what is causing
the increase in CH4 production. Archeas living on
protozoa produce CH4 both directly and indirectly by
using methanol and H2 together (Johnson and
Johnson, 1995; Knapp et al., 2014). It is estimated that
the dissolution of leaves in mixed solution (ethanol,
methanol and distilled water) caused a very rapid
increase in the number of archeas (methanogens) at
the beginning of incubation under the influence of
methanol. Shakeri, P., et al., (2017) applied ethanol
and methanol separately, but the results were found
like in the study of Patra et al., (2006), an increase in
GP was observed with the increase in dose level. In line
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** P<0.001. GP: Gas production at 24h of incubation as ml/0.2g DM. CH4: in

with the findings of the aforementioned researchers,
neither the production of GP nor CHs was decreased by
this investigation. Additionally, the variations in the
phenolic compound structures, the phenolic source
activity, and the extract dose levels may all contribute
to the variances across these findings (Makkar, 2003;
Rochfort et al., 2008; Jayanegara et al., 2011).

There are numerous factors that affect determining
the amount of gas production; such as environment,
maturation level, plant secondary metabolites
(saponin, essential oils and flavonoids) and harvest
time. The effectiveness of plant or plant extracts with
a high content of saponin, flavonoids, and grain varies
depending on the source, type, and level of secondary
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metabolites contained in it (Patra et al., 20086).
Bliimmel and Orskov, (1993) have claimed that gas
production is associated with the production of volatile
fatty acids and that although fermentation end
products are more closely related to gas production,
fermentation and gas production increase with the
increase of the substrate surface. Gas production is a
function of decomposing carbohydrates. Therefore, the
amount of gas production depends on the content and
structure of carbohydrates. The speed and quantity of
gas production of some shrubs have decreased with the
increase of lignin and its grain content. In addition,
high cell wall (ADF and NDF) and CT content may
reduce the breakdown of nutrients by ruminant animal
micro-organisms, resulting in low gas production
(Blliimmel and Qrskov, 1993).

Correlation coefficients consisting of chemical
compositions of leaves and gas production parameters
of extracts are given in the Table 5. The correlations
between GP and CP, CA, CT, and cell wall structures
(NDF and ADF) have been found significant. This
result was in harmony with the data reported by some

researchers (Gemeda and Hassen, 2015; Boga et al.,
2020), and was different from the results obtained from
the studies of the other researchers (Canbolat, 2012).
There was also, a non-significant correlation was
observed between EE and GP, in terms of this feature,
it was in coherence with the studies reported by other
researchers (Gemeda and Hassen, 2015; Boga et al.,
2020). The cell wall structures (ADF and NDF) were
found to be negatively correlated with GP (P <0.001).
The negative correlation between GP and these
properties may be due to the decrease in microbial
activity resulting from increasingly unfavorable
environmental conditions. In addition, CP which is one
of the factors limiting microbial growth showed
positive correlations with GP, and negative
correlations with CHa production values (mL and %).
NDF and ADF contents of leaves are more effective
than other properties in determining gas and methane
production in general, as they constitute the fibrous
parts of plants. Some researchers reported that to
reduce CH4 production have suggested that a decrease
in CH4 production, while others an increase, occurs
when plant origin oils are mixed into the ration.

Table 5. Correlation coefficients (r) between the chemical composition of leaves and the gas parameters of its

extracts
Cizelge 6. Yapraklarin kimyasal bilesimi ile ekstraktlarinin gaz parametreleri arasindaki korelasyon katsayilari
GP(ml) CHsi(mlL) CHs(%) DM(%) CA(%) OM (%) ADF(%) NDF (%) EE(%) CP (%)
CHs (mL) -0.752%* 1
CH4 (%) -0.159N8  (0.524%* 1
DM (%) -0.018N8  0.086NS  (.147Ns 1
CA (%) 0.486**%  0.242%* -0.225* 0.442%* 1
OM (%) -0.486%*  -0.242%*  (0.225%  -0.0442%* S 1
ADF (%)  -0.514** -0.117NS  0.472%%  0.464**  -0.421** (0.421%* 1
NDF (%) -0.535%* -0.157NS  (.444**  (0.646**  -0.194*  0.194*  0.899** 1
EE (%) -0.038NS  -0.096NS  -0.093NS  0.078NS  (0.027NS  -0.027NS -0.129NS  -0.214* 1
CP (%) 0.288**  -0.061NS  -0.440** -0.727** 0.156NS -0.156N8 -0.829**  -0.890**  (.248** 1
CT (%) 0.425%*%  0.368**  (0.042N5  (.492%*  (.442%% -0.442%% (0.289**  (0.199*  0.037NS -0.336**

*:Correlation is significant at p<0.05 value,**: Correlation is very significant at p<0.01 value, NS: Not significant

CONCLUSION

The chemical composition of tree leaves, gas
production, methane production, digestion degree, and
ME values varied depending on the species and
harvest time. The entirety of these tree leaves have the
capacity to satisfy the maintenance, production,
protein, and metabolic energy requirements of
ruminant animals, to sum it succinctly. Because of
their CT concentration, which may reduce DMI, it is
important to examine how many of these tree (S. alba,
R. pseudoacacia, L. orientalis, J. communis, C. libani)
leaves are given to ruminants. These tree leaves can
also be used as a substitute for other fibrous feed to
enhance rumen digestion and to fill feed gaps. It has
been found that, in contrast to the literature, the tree
leaves and extracts described do not significantly lower
the gas production. Consequently, it was determined
that they lacked anti-methanogenic qualities. The
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study would have been more thorough if assessments
of the nutrient composition of tree leaves,
determination of volatile fatty acids, and other plant
secondary metabolites, as well as in vivo application of
in vitro gas production, had all been done. These
samples should be confirmed using in vivo techniques,
and the concentration of each volatile fatty acid
produced as a result of fermentation should also be

established, in order to completely understand
whether these samples have anti-methanogenic
capabilities.
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