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ABSTRACT

Safflower is a self-pollinating oilseed crop and has been cultivated since antiquity in the
Middle East. Safflower has become a minor oilseed crop, and to increase its cultivation it is
necessary to characterize and introduce new germplasm. Thirty-eight safflower cultivars and
breeding lines from different countries have been screened with 8 AFLP primer combinations
to assess genetic diversity and relationships among these genotypes. AFLP primers produced
total of 410 bands, 113 of which was polymorphic, with an average of 51.2 bands per assay.
Polymorphism ratio changed between 14.8 to 41.4% among the genotypes. Polymorphism
information content (PIC) and resolving power (Rp) of the primer combinations were
between 0.21-0.38 and 5.11-27.68, respectively. Genetic similarity coefficients were between
0.245-0.850 with an average of 0.573. Dendrogram based on similarity matrix produced
three clusters and three cultivars clustered separately from the rest of the genotypes. The
study shows genetic variation within germplasm and could be useful for breeding and genetic
diversity studies in the future.

Key Words: Carthamus tinctorius, Genetic diversity, Molecular markers, Safflower
0z

Aspir, kendine dollenen tek yillik bir yag bitkisidir ve antik ¢aglardan beri Orta Dogu'da
yetistirilmektedir. Aspir dnemini yitiren bir kiltiir bitkisi haline gelmistir ve aspir tarimini
artirmak i¢in yeni gesitlerin temini ve karakterizasyonu gereklidir. Farkli cografi kokene sahip
38 aspir cesidi ve islah hatti arasindaki genetik cesitliligi ve iliskilerini belirlemek icin 8 AFLP
primer kombinasyonu kullanilarak genotiperler taranmistir. AFLP primerleri, reaksiyon basina
ortalama 51.2 bant ve toplamda 410 bant iretmistir. Uretilen bantlarin 113 tanesinin
genotipler arasinda polimorfik oldugu gézlenmis ve polimorfizm orani %14.8-%41.4 arasinda
degismistir. Primer kombinasyonlarinin polimorfizm bilgi icerigi (PIC) 0.21-0.38 ve ¢6ziimleme
gict (Rp) 5.11-27.68 arasinda degismistir. Aspir cesit ve islah hatlari arasindaki genetik
benzerlik katsayilari 0.245-0.850 arasinda degiskenlik gosterirken; ortalama genetik benzerlik
0.573 olarak bululnumustur. Benzerlik matrisine dayali dendogram, genotipleri li¢ kiime igine
yerlestirmis fakat lg¢ kiiltivar gruplandrilamamistir. Mevcut ¢alisma, genotipler icerisindeki
genetik cesitliligin boyutunu gdstermekte ve gelecekte yapilacak islah ve genetik analizler igin
faydali olacaktir.

Anahtar Kelimeler: Carthamus tinctorius, Genetik gesitlilik, Molekiiler Belirteg, Aspir
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Introduction

The the
Asteraceae family and contains 25 species, most

genus Carthamus belongs to
of which are native to the Mediterranean basin.
Safflower (Carthamus tinctorius L.) is the only
cultivated species of the genus with a diploid
chromosome number of 2n=24, and has been
cultivated for 4000 years (Mindel and Bergman,
2009). Safflower is mainly grown as an oilseed
crop and seeds contain 25-40% crude oil, but it
has other uses, such as dye production from
flowers for food industry and as a fodder crop for
livestock (Sirinivas et al.,, 1999; Landau et al,,
2004). Safflower oil is also used clinically for the
treatment of various illnesses and contains high
oleic and linoleic acids contents, essential for
human diets (Weiss, 2000; Kim et al., 2007).
Safflower s and

a self-pollinating plant,

breeding activities were based on genetic
variability existed within cultivars and local
sources collected from different parts of the
world (Mindel and Bergman, 2009). Genetic
diversity could be assessed using information on
morphology, agronomic variables and molecular
biology of the species. Although each method has
its own advantages, molecular tools provide more
polymorphisms to reveal existing diversity in a
species (Tanksley and McCouch, 1997). Different
molecular marker systems exist and they have
been used to investigate genetic diversity in plant
species, but PCR-based methods are preferred,
because they produce more polymorphisms and
easier to implement and
Hoisington, 1993).

Molecular tools have been used to analyze

use (Ragot and

species delamination, domestication, breeding
and seed purity (Chapman and Burke, 2007;
2009; Pearl et al.,, 2014)
Genetic  diversity

Naresh et al,, in

safflower. of safflower
genotypes have also been studied with different
marker systems, such as RAPD (Amini et al., 2008;
Giachino and inan, 2019), ISSR (Ali et al., 2020),
SRAP (Peng et al., 2008), AFLP (Sehgal and Raina,
2005; Johnson et al., 2007; Sehgal et al., 2009),

SSR (Mokhtari et al., 2018) and peroxidase gene-
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based polymorphisms (POGP) markers (Cankaya
et al., 2019; Yildiz et al., 2022). Genetic diversity
studies with molecular markers may provide

valuable insights into relationships between
different safflower genotypes for breeding
studies.

The safflower genotypes used in the present
their
morphological and agronomic parameters
(Tongu¢ and Erbas, 2009) and with the POGP
markers (Cankaya et al., 2019). The aim of the
present study was to evaluate genetic diversity

study have been characterized for

among the same safflower genotypes with AFLP
markers to asses relationships between these
genotypes.

Material and Methods

Plant material

Seven safflower breeding lines and 31 cultivars
originating from 6 countries were used in the
study. Plants with Pl numbers were obtained from
USDA Western Regional Plant Introduction
Station (Pullman, WA, USA) and local safflower
cultivars were obtained from Ege Agricultural
Research Institute (Menemen, izmir, Tirkiye)
(Table 1).

DNA isolation

Seeds were sown in plastic pots for
germination, and leaves from seedlings were
collected and stored at -80 °C until used. DNA
isolation was carried out using CTAB method
according to Doyle and Doyle (1990) with minor
modifications. Pellets were dissolved in TE buffer
and the final concentration of DNA was adjusted
to 250 ng pL?! with a spectrophotometer and

stored at -20 °C for later use.

AFLP analysis

AFLP analysis system | kit was used for
digestion, pre-selective and selective
amplifications following the manufacturer’s

instructions (Invitrogen Life Technologies, USA).
Genomic DNA (250 ng) of safflowers was digested
with EcoRl and Msel restriction enzymes at 37 °C
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Table 1. Safflower cultivars and breeding lines used to assess genetic diversity within cultivated safflower germplasm

Gene bank Genotype name Origin Breeding Gene bank Genotype name Origin Breeding
no status no status
PI 537110 Quiriego 88 Mexico Cultivar PI 560177 Oleic Leed USA Cultivar
PI 537111 Sahuaripa 88 Mexico Cultivar P1 538779 Centennial USA Cultivar
PI 561703 San Jose 89 Mexico Cultivar PI 601506 S-517 USA Cultivar
PI 572475 Saffire Canada Cultivar P1 572472 Rehbein USA Cultivar
P1 592391 AC Sunset Canada Cultivar PI 525458 Finch USA Cultivar
P1 559909 AC Stirling Canada Cultivar PI 572436 Leed USA Cultivar
P1 603206 Lesaf 414 Canada Breeding line P1 508098 Hartman USA Cultivar
P1 610263 Enana Spain Breeding line PI 537695 Ole USA Cultivar
PI 657792 Rinconada Spain Cultivar PI 572434 uc-1 USA Cultivar
PI 657797 CH-353 Spain Breeding line PI 572414 Us-10 USA Cultivar
TR 69497 Dinger 5-18-1 Tarkiye Cultivar PI 572471 Sidwill USA Cultivar
TR 69498 Yenice 5-38 Tirkiye Cultivar PI 537694 Royal USA Cultivar
TR 69499 Remzibey-05 Tirkiye Cultivar PI 537692 Gila USA Cultivar
PI 538025 Montola 2000 USA Cultivar PI 525457 Girard USA Cultivar
P1 601166 Oker USA Cultivar PI 514632 Ziyang China Cultivar
PI 572465 4022 USA Breeding line PI 514631 Yuyao China Cultivar
P1 572439 PCA USA Breeding line PI 514624 Shufu China Cultivar
P1 572421 Frio USA Cultivar P1 514620 Huaxian China Cultivar
PI 572418 Arizona Saf Com IlI USA Breeding line PI 506426 FO-2 China Cultivar

for 2 h and the reaction was terminated by raising
temperature to 70 °C for 10 min. DNA samples

were ligated to EcoRl and Msel adaptors for 2 h at
20 °C with T4 DNA ligase and the samples were
diluted with TE buffer for
amplifications. Pre-selective amplifications were

pre-selective

performed with EcoRI+A and Msel+C primers with
20 cycles of 94 °Cfor 30's, 56 °C for 60 s and 72 °C
for 60 s. Pre-amplified fragments were diluted
1:50 with TE buffer for use in selective PCR
amplifications. For selective amplifications, 5 pl of
diluted PCR product, 0.5 ul of EcoRIl and 4.5 ul of
Msel primers (primers with 3 selective
nucleotides), dNTP mix, 2 ul of 10X PCR solution,
7.9 ul of sterile distilled water and 0.1 ul of Tag
were used per reaction. The
method used for PCR
amplifications. Selective PCR amplifications were

polymerase
touchdown was
carried out as described by Tongug et al. (2011).
Primers D700 and D800 and their nucleotide
sequences were given by Johnson et al. (2007).
PCR products were separated in 6% denaturing
polyacriylamide (19:1 acrylamide: bisacrylamide)
sequencing gel. Electrophoresis was carried out
using Owl S4S gel electrophoresis system (Thermo
Scientific, USA) for 3 h in 0.5X TBE buffer at 2400
V with temperature of 50 °C. Gel preparation,
denaturation and silver staining procedures were
carried out as described by Pillen et al. (2000).
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Data analysis

Dried gels were scanned and scored for
presence (1) and absence (0) of bands. For each
primer combination, total number of bands,
number of polymorphic bands, polymorphism
ratio (%), polymorphism information content (PIC)
and resolving power (Rp) was calculated. PIC
value was calculated with the following formula,
PIC = 2fi (1-fi) where fi represents the presence of
loci and (1-fi) represent the absence of loci of a
molecular marker (Roldan-Ruiz et al., 2000). Rp
value for each primer combination was calculated
according to Prevost and Wilkinson (1999). Rp =2
Ib where |b represents band informativeness and
1 - [2x (]0.5-p|)] and p
represents proportion of genotypes containing
the band. Data matrix was analyzed with NTSYS-
pc (ver. 2.2) and pair-wise similarities were

calculated as Ib =

calculated using Jaccard’s similarity coefficients
with  SIMQUAL (Rohlf, 1992).
Dendogram was constructed using the SAHN

subprogram

subroutine and the unweighted paired group
method using arithmetic averages (UPGMA).
Mantel's z test values were calculated using the
MX COMP in the NTSYS-pc to determine the
degree of compatibility between dendogram
created by the UPGMA method with the similarity
matrix.


http://www.ars-grin.gov/cgi-bin/npgs/html/acchtml.pl?1432046
http://www.ars-grin.gov/cgi-bin/npgs/html/acchtml.pl?1432047
http://www.ars-grin.gov/cgi-bin/npgs/html/acchtml.pl?1467446
http://www.ars-grin.gov/cgi-bin/npgs/html/acchtml.pl?1505392
http://www.ars-grin.gov/cgi-bin/npgs/html/acchtml.pl?1454881
http://www.ars-grin.gov/cgi-bin/npgs/html/acchtml.pl?1467407
http://www.ars-grin.gov/cgi-bin/npgs/html/acchtml.pl?1587766
http://www.ars-grin.gov/cgi-bin/npgs/html/acchtml.pl?1165266
http://www.ars-grin.gov/cgi-bin/npgs/html/acchtml.pl?1467436
http://www.ars-grin.gov/cgi-bin/npgs/html/acchtml.pl?1467410

Tongug and Erbas, 2023. Harran Tarim ve

Results and Discussion

In the present study, total of 38 cultivars and
breeding lines were used to investigate genetic
diversity among safflower genotypes. Three
cultivars/lines from Turkey and Mexico, 4 from
Canada, 3 from Spain, 5 from China and 19 from
USA represented cultivated safflower germplasm
(Table 1). Eight AFLP primer combinations were
used to amplify genomic DNA and these primers
amplified 410 bands among the cultivars and
lines. Number of polymorphic bands produced by
the AFLP primers was between 4-31. The highest
number of polymorphic bands were produced by
D800 (31) and D700 (29) primers, while the
fewest number of polymorphic bands were
produced by EACA/MCTT (4) primer (Table 2).
Polymorphism ratio of the primer combinations
were between 14.8-41.4% among the safflower
cultivars and lines. The highest polymorphisms
ratios were produced by D700 and D800 primers,
while the lowest polymorphism ratio was
detected in EACA/MCTT. AFLP primers, along with
other molecular marker systems, have been used
to asses genetic diversity within the safflower
germplasm (Sehgal and Raina, 2005; Johnson et
al., 2007; Sehgal et al.,, 2009). These studies
showed that AFLP markers produced more total
and polymorphic bands and higher
polymorphisms ratios compared to RAPD and ISSR
markers used in these studies. Among the 14
safflower cultivars, 4 AFLP primers yielded
between 16-23  polymorphic bands and
polymorphism ratio of 41.0-72.4%. The average
number of polymorphic bands produced by each
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marker type was found to be 2.4 for RAPD, 1.3 for
ISSR and 20.5 for AFLP (Sehgal and Raina, 2005).
When 85 safflower accessions were assayed with
10 AFLP primers, total number of bands were
between 20-52, number of polymorphic bands
were between 10-39 with polymorphism ratio of
50.0-88.8 with an average of 70.4% (Sehgal et al.,
2009). These results showed that average
polymorphism ratio for AFLP markers was higher
among the accessions, and breeding activities
reduced number of polymorphic loci to 27.5%
observed in the present study and 20.5% reported
by Sehgal and Raina (2005). Reduction of
polymorphism among the breeding material was
also noticed by Johnson et al. (2007). The results
also showed that primer combinations and
number of cultivars affect number of bands
produced and polymorphism ratios.

PIC values of the markers depend on the
number of alleles and also allele distribution
among the assayed genotypes and change
between 0.0-0.5 for dominant markers (Roldan-
Ruiz et al., 2000). PIC value of AFLP markers in the
study was between 0.21-0.38 with an average PIC
value of 0.29. Even though primer EACA/MCTT
produced the fewest number of bands and
polymorphic bands, it had the highest PIC value,
showing distribution of polymorphic bands
greatly affects observed PIC values. Cankaya et al.
(2019) reported average PIC value of 0.26 for the
same genotypes using POGP markers, which was
close to reported value for AFLP markers for the
same genotypes used in this study. Average PIC
value of 10 AFLP markers was found to be 0.30 for
safflower accessions (Sehgal et al., 2009).

Table 2. AFLP primers used in the study and the results of amplifications and evaluated parameters

Primer combination

Total number of Number of polymorphic  Polymorphism ratio

PIC Rp

bands bands (%)
EACA/MCTT 27 4 14.8 0.38 5.11
EACT/MCTT 53 8 15.1 0.30 12.95
EAGG/MCAC 35 7 20.0 0.31 6.79
EAGC/MCAT 51 13 25.5 0.21 15.84
EAGC/MCAA 61 11 18.0 0.37 12.53
EAGC/MCAG 41 10 24.4 0.27 7.84
D700 70 29 414 0.25 25.05
D800 76 31 40.8 0.30 27.68
Total 410 113 - - -
Mean 51.2 14.1 27.5 0.29 14.22
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Different marker systems have also been used to

explore genetic diversity within safflower
germplasm. PIC values for dominant markers,
such as RAPD and ISSR markers were found to be
0.38 and 0.14 (Seghal et al., 2009; Giachino and
inan, 2019), 0.19 and 0.44 (Seghal et al., 2009; Ali
et al., 2020), respectively. These results show that
PIC value change depending on marker systems
and germplasm used. Rp values of the AFLP
primers was between 5.11-27.68 with an average
of 14.22 and the primers EACA/MCTT had the
lowest and D800 had the highest Rp values,
respectively. Rp values of AFLP markers were
40.62 and 59.16 among the safflower cultivars
and accessions, respectively (Seghal and Raina,
2005; Seghal et al., 2009) and our values for the
AFLP markers were lower than the reported
values for AFLP markers.

The similarity matrix for all cultivars and lines
was calculated using the Jaccard's coeficient with
NTSYS-pc program. The calculated similarity
coefficients found to be between 0.245-0.850.
The lowest values obtained were 0.245 between
UC-1 and Dinger 5-18-1 and 0.26 between UC-1
and Girard. The highest similarity coefficient was
0.850 between Gila and US-10. The average of the
coefficient values of all varieties and lines was
found to be 0.573. In order to reveal the
relationships the genotypes, a
constructed with NTSYS-pc

program using UPGMA method

between
dendogram was
(Figure 1).
Dendogram showed that UC-1 was not included in
any cluster, and Girard and Arizona Safflower
Composite lll clustered independently from the
main group. Oleic Leed and CH-353 formed a
cluster together independent from the rest of the
genotypes. The rest of the safflower genotypes
formed two separate clusters. The smaller cluster
contained Montola 2000, FO-2, Remzibey-05,
Enana, Dincer 5-18-1 and Yenice 5-38. Genetic
similarity between Remzibey-05 and Dinger 5-18-
1 was 0.62, between Remzibey-05 and Yenice 5-
38 was 0.55 and between Yenice 5-38 and Dincer
5-18-1 was 0.64. Yenice 5-38 was the first
composite safflower variety released in Tirkiye
and therefore it might be used as progenitor for
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the selection of other local safflower varieties
(Kose, 2017). Due to their high genetic similarity
and possible similar genetic background they
The
other cluster contained 27 cultivars and breeding

were clustered very close to each other.

lines. AFLP primer combinations employed in the
study did not produce enough polymorphism to
distinguish Gila and US-10 from each other, and
these two cultivars were grouped together.
Mantel's z test values were calculated to
determine the degree of compatibility between
the dendogram produced by the UPGMA method
with the corresponding similarity matrix. The
obtained cophenetic correlation coefficient value
(r = 0.83) was found to be significant, indicating
there is a good fit between the dendogram and
the similarity matrix.

The dendogram produced by AFLP markers in
this study was different from the dendogram
produced by POGP markers for the same
2019).

Cultivars originating from Turkiye clustered close

safflower genotypes (Cankaya et al.,

to each other and were in the same group with
AFLP markers, however they were clustered very
differently when POGP makers used, indicating
these marker systems use different sequences to
amplify. Therefore, they may cause incongruence
between the dendograms. Sehgal and Raina
(2005) and Sehgal et al. (2009) obtained different
dendograms for the same genotypes using RAPD,
ISSR and AFLP markers for safflower. Such
phenomenon was also reported for other crop
species, such as maize (Pejic et al., 1998) and
cashew (Archak et al.,, 2003) where different
marker types have been employed with the same
genotypes. It was suggested that self-pollination,
selection and inbreeding could cause incongruity
as well as the type of markers used to amplify
genomic regions (Powell et al., 1996; Sehgal and
Raina, 2005; Johnson et al., 2007). Mean genetic
similarity was found to be high in the present
study. Safflower is predominantly a self-
pollinating species and the plant material used in
the study consisted of cultivars and breeding
lines, which are highly inbred. It was observed

that genetic variation was lower in cultivars and
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Figure 1. UPGMA dendogram of 38 safflower cultivars and breeding lines produced by 8 AFLP primer combinations

breeding lines than that of accessions for
safflower (Sehgal and Raina, 2005; Johnson et al.,
2007). Another study revealed that a subset of a
RIL population derived from a cross between
5-18-1
polymorphism ratio of 4.5% detected by AFLP

Dinger and Remzibey-05 showed a
markers (Tongu¢ et al., 2011), indicating that
these safflower cultivars are highly similar as

revealed by cluster analysis.

Conclusion

The
relationships among 38 safflower cultivars and

present study evaluated genetic
breeding lines with AFLP markers. AFLP primer
combinations differed vastly for their ability for
amplification of polymorphic bands. Number of
bands produced by AFLP markers, polymorphism
ratio and PIC value was similar to reported
average values for AFLP markers. Dendogram
based on similarity matrix and genetic similarity
coefficients showed that safflower cultivars and

lines were genetically close to each other

150

suggesting the need to introduce genetic
variation into safflower germplasm to create

variability for breeding studies.
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ABSTRACT

Availability of genetic variability among a certain crop population and knowledge of the
genetic parameters of yield and yield-related traits are the key preconditions to enhance seed
yield. Therefore, sixty-four sesame genotypes consisting of fifty-nine accessions and five
varieties were assessed in order to evaluate sesame genotypes for yield and yield-related
traits and estimate the genetic parameters. An 8 x 8 simple lattice design was used to evaluate
the experimental materials. Data were collected for the twenty traits. Analysis of variance
revealed that sesame genotypes were significantly different (P<0.05) except for internode
length and seed shattering-related traits. ASARC-ACC-SG-013 was the highest-yielding
accession, while accession GK-012 (2) gave the highest oil content (60.09%), and the mean
thousands seeds weight ranged from 2.00 g to 2.75 g, indicating the existence of elite sesame
genotypes that can be considered to maximize yield, seed size, and oil content. The number of
primary branches plant?, the number of capsules on the main stem plant™, and total capsules
plant? all showed high coefficients of variation, demonstrating that the genotypes under
study had sufficient variability for these traits. High heritability and genetic advance were
obtained for traits such as plant height to the first branch (60.70%; 21.90%), capsule length
(81.10%; 24.00%), primary branches plant™? (63.10%; 36.30%), number of capsules on the main
stem plant? (74.40%; 45.80%), and total capsules plant® (64.90%; 51.40%). Thus, the
finding suggests a trustworthy estimate of the genetic advancement that may be anticipated
through phenotypic selection for these traits.

Key Words: Genetic advance; Heritability; Oil content; Quantitative traits; Seed shattering

0z

Belirli bir mahsul popilasyonu arasindaki genetik degiskenligin mevcudiyeti ve verim ve
verimle ilgili 6zelliklerin genetik parametrelerinin bilgisi, tohum verimini arttirmanin temel
on kosullaridir. Bu nedenle, susam genotiplerini verim ve verime bagh 6zellikler agisindan
degerlendirmek ve genetik parametreleri tahmin etmek igin elli dokuz gesit ve bes gesitten
olusan altmis dort susam genotipi degerlendirilmistir. Deney materyallerini degerlendirmek
icin 8 x 8 basit kafes tasarimi kullanildi. Yirmi 6zellik icin veri toplandi. Varyans analizi, susam
genotiplerinin bogum arasi uzunluk ve tohum parcalama ile ilgili 6zellikler disinda 6nemli
Olcide farkli oldugunu (P<0.05) ortaya cikardi. ASARC-ACC-SG-013 en yiksek verimli
cesitken, GK-012 (2) gesidi en yiksek yag icerigini (%60.09) vermistir ve ortalama bin tohum
agirligr 2.00 g ile 2.75 g arasinda degismektedir, bu da Verimi, tohum boyutunu ve yag
icerigini maksimize ettigi diisiiniilebilecek elit susam genotipleri. Bitki-! birincil dallarinin
sayisl, ana govde bitki-! izerindeki kapsiillerin sayisi ve bitki™* toplam kapsiillerinin tiimi,
yuksek varyasyon katsayilari gésterdi; bu, incelenen genotiplerin bu o6zellikler igin yeterli
degiskenlige sahip oldugunu gésterdi. ilk dala kadar bitki boyu (%60.70; %21.90), kapsiil
uzunlugu (%81.10; %24.00), birincil dallar bitki* (%63.10; %36.30), kapsiil sayisi gibi dzelliklerde
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dzelliklerde yiiksek kalitim derecesi ve genetik ilerleme elde edilmistir. ana gévde bitki™ (%74.40; %45.80) ve toplam kapsiil
bitki? (%64.90; %51.40) iizerinde. Bu nedenle bulgu, bu &zellikler icin fenotipik secilim yoluyla tahmin edilebilecek genetik

ilerlemenin glvenilir bir tahminini dGnermektedir.

Anahtar Kelimeler: Genetik ilerleme; Kalitim; Nicel 6zellikler; Yag icerigi; Tohum pargalama

Introduction

Sesame is the oldest oilseed crop which has
been grown from 3050 to 3500 B.C. (Bedigian and
Harlan, 1986). Sesamum indicum is the most
extensively grown one among the numerous
species of the genus Sesamum (Ashri, 1998).
Sesame is a self-pollinating crop with varying
degrees of cross-pollination depending on the
environment. Sesame thrives in tropical and
subtropical ecological zones across the world.
Although susceptible
conditions, it requires a minimum of 300 to 400

sesame is to rainy
mm of rainfall (Carlsson et al., 2008). Sesame has
a great tolerance for drought and can produce
seed yield well under fairly high temperatures
(Ashri, 1998). In Ethiopia, suitable agro-ecologies
of sesame are existing in Amhara, Tigray, Oromia,
Benishangul Gumuz, and Somali regions (Terefe et
al., 2012).
Currently, sesame has been extensively
produced in Africa and Asia for its nutritious
seeds (Dossa et al., 2017). Sesame is a valuable
source of income for farmers and a major export
commodity for Ethiopia (Abate et al., 2015). In
spite of enormous nutritional and economic
values, the productivity of sesame cultivars grown
in Ethiopia is low due to the genetic and
environmental factors. Low-yielding and poor
adaptability of cultivars to harsh weather
conditions, bacterial blight disease, and seed
shattering are the major bottlenecks of sesame
productivity in Ethiopia. There is an occasion of
complete crop failure in North Western Ethiopia
where the incidence and severity of bacterial
blight pV.
disease exceeds 100% due to high humidity and
extended rainfall (Terefe et al.,, 2012). Seed

shattering in sesame is amongst the major

(Xanthomonas campestris sesami)

worldwide constraint of sesame production (Islam
et al., 2016). Determinate and indeterminate
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growth are the two types of growth habit in
sesame (IPGRI and NBPGR, 2004), where the
indeterminate growth habit favors subsequent
capsule formation so long as the environment is

2012;
capsule

suitable for growth (Najeeb et al.,
2017).

production leads to cracking of capsules at the

Gebremichael, Continuous
base of the stem before the capsules at the tip
attain physiological maturity, which results seed
shattering. Thus, the primary objectives of
Ethiopian sesame breeding are to develop high-
blight

resistance, better seed size and oil content, and

yielding  cultivars  having  bacterial
tolerant to seed shattering (Gebremichael, 2017).
The

knowledge of the genetic

availability of genetic variation and

parameters for

guantitative traitsare the prerequisites for
crop improvement. In order to enhance sesame
productivity, assessing the extent of genetic
variability among sesame germplasm collected
from various agro-ecologies and understanding
the genetic parameters of quantitative traits are
the core activities of sesame breeding. An
available genetic resource can be used through a
selection of elite genotypes for direct variety
development or to combine desirable traits
(Najeeb et al., 2012). Earlier studies showed
genetic variation within the Ethiopian sesame
germplasm (Abate et al., 2015; Teklu et al., 2017),
which has been exploited for decades in
improving sesame productivity through selection
and hybridization. In addition, information on the
genetic parameters such as heritability and
genetic advance is a foundation of choosing an
appropriate crop improvement strategy. |In
sesame, high heritability recorded in flowering
period, physiological maturity, plant height, seed
yield, number of branches, and number capsules
per plant (Saxena and Bisen, 2017; Divya et al.,
2018).

advance were observed in the 1000 seed weight,

Further, high heritability and genetic
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oil content, and number of seeds per capsule
(Saxena and Bisen, 2017). Heritability shows the
magnitude of relationship between the genotype
and observed phenotype while the genetic gain
reflects the anticipated response as a result of
selection (Shukla et al., 2004). The best conditions
for selection are those with high genetic advance
and high heritability (Larik et al., 2000). Thus, an
experiment was carried out in order to evaluate
sesame genotypes for yield and vyield-related
traits; identify promising sesame genotypes for
better vyield, seed size, and oil content; and
estimate the genetic parameters for quantitative
traits.

Materials and Methods

Experimental area, materials used and design

The study was conducted in 2019 at research
station of Pawe Agricultural Research Center,
which is situated in the Metekel zone of Ethiopia's
Benishangul Gumuz region. The Pawe Agricultural
Research Center is located about 562 kilometers

Table 1. Sesame genotypes used in the study and their locality

to the northwest of Addis Ababa, at latitude of
11°18"' North and longitude of 36°24' East. The
location is 1120 meters above sea level with a
mean annual rainfall of 1586 mm. The mean
annual minimum and maximum temperature are
16.50°c and 32.60°c, respectively. A total of 64
genotypes, which consisted of 59 accessions and
five varieties (abasena, gondar-1, setit-1, setit-2,
and humera-1), were used for an experiment
(Table 1). The fifty-nine accessions were obtained
from the Ethiopian Biodiversity Institute (EBI),
Werer agricultural research center (WARC), and
(AsARC),
whereas the three varieties (setit-1, setit-2, and

Assosa agricultural research center
humera-1) were obtained from the Humera
agricultural research center (HUARC), one variety
(abasena) from WARC, and one variety (Gondar-
1) from the Gondar agricultural research center
(GARC). The experimental design used was an 8 x
8 simple lattice design. Each experimental
material was planted on a plot with two rows that
were each 4 meters long. The intra-row and inter-

row spacing was 10 cm and 40 cm, respectively.

Locality
S.No. Genotype Region Administrative zone
1 EBI17697 Oromia Eastern Wellega
2 EBI17702 Oromia Eastern Wellega
3 EBI17703 Oromia Eastern Wellega
4 EBI17704 Oromia Western Wellega
5 EBI17708 Oromia Western Wellega
6 EBI23548 Benishangul-Gumuz Metekel
7 EBI23565 Benishangul-Gumuz Metekel
8 EBI28301 Ambhara North Gondar
9 EBI28302 Ambhara North Gondar
10 EBI28303 Ambhara North Gondar
11 EBI28304 Ambhara North Gondar
12 EBI28306 Ambhara North Gondar
13 EBI28308 Ambhara North Gondar
14 EBI28309 Ambhara North Gondar
15 EBI28316 Ambhara North Gondar
16 EBI28318 Ambhara North Gondar
17 EBI28320 Ambhara North Gondar
18 EBI202514 Benishangul-Gumuz Assosa
19 EBI207957 Gambella Zone 1
20 Abasena
21 ASARC-ACC-S-001 Benishangul-Gumuz Kamashi
22 ASARC-ACC-S-003 Benishangul-Gumuz Kamashi
23 ASARC-ACC-S-004 Benishangul-Gumuz Kamashi
24 ASARC-ACC-S-006 Benishangul-Gumuz Kamashi
25 ASARC-ACC-S-010 Benishangul-Gumuz Kamashi
26 ASARC-ACC-S-022 Benishangul-Gumuz Kamashi
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Locality

S.No. Genotype Region Administrative zone
27 ASARC-ACC-SA-002 Benishangul-Gumuz Kamashi

28 ASARC-ACC-SA-007 Benishangul-Gumuz Kamashi

29 ASARC-ACC-SA-008 Benishangul-Gumuz Kamashi

30 ASARC-ACC-SA-009 Benishangul-Gumuz Kamashi

31 ASARC-ACC-SA-011 Benishangul-Gumuz Kamashi

32 ASARC-ACC-SA-016 Benishangul-Gumuz Kamashi

33 ASARC-ACC-SA-017 Benishangul-Gumuz Kamashi

34 ASARC-ACC-SA-019 Benishangul-Gumuz Kamashi

35 ASARC-ACC-SA-020 Benishangul-Gumuz Kamashi

36 ASARC-ACC-SA-022 Benishangul-Gumuz Kamashi

37 ASARC-ACC-SG-005 Benishangul-Gumuz Kamashi

38 ASARC-ACC-SG-013 Benishangul-Gumuz Kamashi

39 ASARC-ACC-SG-018 Benishangul-Gumuz Kamashi

40 GK-012 (1) Benishangul-Gumuz Not available
41 GK-012 (2) Benishangul-Gumuz Not available
42 GM-012 (1) Benishangul-Gumuz Not available
43 GM-012 (2) Benishangul-Gumuz Not available
44 Gondar-1

45 HM-012 (1) Amhara Wollo

46 HM-012 (2) Amhara Wollo

47 Humera-1

48 KG-012 (1) Oromia llubabor

49 KG-012 (2) Oromia llubabor

50 MG-012 (1) Benishangul-Gumuz Not available
51 MG-012 (2) Benishangul-Gumuz Not available
52 MT-023 (1) Benishangul-Gumuz Not available
53 MT-075 (1) Amhara Wollo

54 Setit-1

55 Setit-2

56 TM-023 (2) Benishangul-Gumuz Not available
57 TZ-013 (1) Amhara Gojam

58 TZ-013 (2) Amhara Wollo

59 TZ-054 (1) Amhara Wollo

60 TZ-054 (2) Amhara Wollo

61 ZT-013 (1) Ambhara Gojam

62 ZT-013 (2) Amhara Shewa

63 ZT-054 (1) Amhara Wello

64 ZT-054 (2) Ambhara Shewa

Data collected

Data were collected for each replication on a
plot, plant, and capsule basis. On a plot-by-plot
basis, data on days to 50% flowering (DF), days to
first capsule-opening (DFCO), and days to 90%
maturity (DM) were gathered. The number of
days passed between DFCO and DM was used for
data analysis to examine the extent of uniformity
in capsule ripening.

On five random plants, plant-based data were
assessed on the severity of the bacterial blight
disease (BBDS), plant height (PH), plant height to
first branching (PHFB), the internode length (IL),
the length of the capsule-bearing zone (LCBZ), the
number of capsule-bearing primary branches

plant? (PBPP), capsules on the main stem plant™
(NCMS), capsules plant? (CPP), and opened
capsules plant (OCPP). The percent of opened-
capsules plant® (OCPP) was computed according
to the following formula:

Number of opened capsules per plant

OCPP =
Total number of capsules per plant

The disease susceptibility recorded in 1 to 9
scale was converted to the percentage severity
index (PSI) as applied by Wheeler (1969).

Sum of all disease scores

PSI (%) = x
(%) number of ratings X maximum disease grade

100
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Five unopened capsules were assessed for the

number of seeds per capsule (SPC), capsule length
(CL) in mm, and capsule width (CW) in mm.
Seed shattering related data were recorded on
opened capsules of plants which were not
included in the sample used for recording yield
and yield related traits.

Five opened capsules were investigated for
seed shattering related traits such as the length of
opened capsules (LOC) in mm, the length of
cracking on opened capsules (LCOC) in mm, the
number of seeds dropped-down per opened-
(SDPOC), per
opened-capsule while inverted

seeds
the
downward (SDPOCI), and seeds retained per

capsule dropped-down

capsule

opened-capsule (SPOC). The average length of

cracking on opened-capsules (LCOC) was
converted into a percentage as follows:
LCOC = Average length of cracking on opened capsules +100

Average length of opened capsules

Seed shattering in percentage was calculated
and used for data analysis as follows:

SDPOC + SDPOCI

Seed shattering = o b6+ SDPOCT + SPOC * 100

Seed vyield per plant (SYPP) in grams was the
average seed yield of five random plants. Data in
relation to the weight of 1000 seeds (TSW) in
grams and the percent of oil content (OC) were
examined from seeds taken from the harvest of
five random plants after measuring seed yield.

Data analysis

Analysis of variance (ANOVA) was conducted
using R software (R Core Team, 2021). ANOVA
was implemented using the PBIB.test function in
the agricolae package (de Mendiburu, 2021). A
model applied in the ANOVA was:

Yijk = K +rep; + block; (rep;) + geny + e

where vyix denotes an observed effect, p
denotes the mean, rep; denotes the it replicate,
and block; (repi) denotes the j™ incomplete block

157

within the it" replicate, genx is the kth genotypic
effect, and ejk is the experimental error. Fisher’s
Least significance difference test (LSD) at 5%
probability was conducted by using LSD.test
function in the agricolae package. According to
Syukur et al. (2010), the mean squares were used
to estimate the variances and coefficients of
variation. Based on Deshmukh et al. (1986)
classification, coefficients of variation below 10%
considered as low, 10-20% as moderate, and
above 20% high. the traits
consideration, heritability in a broad sense (H?)

as For under
was calculated as suggested by Allard (1960), and
heritability estimates below 20% were considered
as low, 10-20% as moderate, and above 50% as
high (Syukur et al., 2010). Computation of genetic
advance and classification of genetic advance as a
percentage of the mean (GAM) were done by

adopting Johnson et al. (1955).

Results and Discussion

Analysis of variance

The existence of variability in a certain
population is fundamental for proposing crop
improvement strategy. In the present study,
analysis of variance showed highly significant
(p<0.01) the

genotypes for 50% flowering, 90% physiological-

differences among sesame
maturity, plant height, height to the first branch,
the length of the capsule-bearing zone, the length
of capsule, the number of capsule-bearing
primary branches plant?, capsules on the main
stem plant, total capsules plant?, seeds capsule
!, and oil content (%) (Table 2). In addition, the
ANOVA indicated a significant difference (p<0.05)
among the 64 sesame genotypes for the bacterial
blight disease severity index (%), the number of
days in between first capsule-opening and
physiological-maturity, the length of capsule,
capsule width, 1000 seeds weight, and yield plant’
1, Similarly, previous studies conducted in sesame
indicate the existence of variability for capsules
plant?, seeds capsule, 1000 seeds weight, and

yield (Bandila et al., 2011; Teklu et al., 2017). In
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addition, Teklu et al. (2017) also reported genetic
variability within the population in terms of
flowering and maturity period, plant height, and
genetic
variability that has been observed in sesame

primary branches plant®. Further,
genotypes for oil content was in agreement with
the result of Pathak et al. (2014). Genetic
variability among sesame genotypes for seed
yield, seed vyield-related traits, oil content, and
weight of 1000 seeds revealed the existence of
genetic potential to enhance seed yield, seed size
and oil content through selection of promising
genotypes. On other hand, in the present study,
the ANOVA indicated a non-significant difference
(p<0.05) among the genotypes for the internode
length, the length of scratch on an opened-
capsule (%), the number of opened-capsules
(%), and seed (%). The

plant? shattering

maximum mean seed shattering recorded was
77.78% with mean seed shattering of 51.22%.
Thus, the result of the experiment pointed out
low scope of improvement for seed shattering
resistance through the evaluation of Ethiopian
sesame germplasm. All cultivars grown in Ethiopia
are shattering types 2012).
the study significant
difference among the genotypes for days in

(Terefe et al.,
However, indicated a
between the first capsule-opening to maturity,
noticing the presence of genotypes that might be
described by uniform capsule ripening. As a result
of synchronous capsule ripening, sesame may
avoid seed shattering from bottom capsules while
farmers wait for capsules on branches and tips of
the
synchronous capsule ripening might enhance the

plant to become mature. Further,

uniformity of seeds in terms of size and color.

Table 2. Analysis of variance for the 20 quantitative traits of sesame

Mean Squares

Replication  Block (Replication) Genotype Error

(Degree of (Degree of (Degree of (Degree of

freedom=1) freedom=14) freedom=63) freedom=49)
Days of 50% flowering 9.57 2.7 11.84** 2.06
Bacterial-blight susceptibility index (%) 7.56 239.13 201.64* 121.44
Days of 90% physiological-maturity 34.03 11.63 61.99** 6.8
Days from first capsule-opening up to 90% maturity 25.38 3.45 6.35* 3.55
Plant-height (cm) 309.76 344.08 257.30%* 131.63
Plant-height to the first branch (cm) 339.5 46.02 74.09** 29.07
The length of capsule-bearing zone (cm) 523.95 89.15 123.85%* 57.38
Internode length in mm 204.02 86.9 78.38ns 61.56
Capsule length in mm 10.45 8.96 25.30** 4.76
Length of scratch on opened-capsule (%) 66.77 232.33 151.15ns 192.33
Capsule width in mm 3.7 0.58 0.82* 0.52
Number of capsule-bearing primary branches plant™? 2.65 1.36 1.39%* 0.51
Number of capsules on the main stem plant™ 46.95 37.15 75.50** 19.28
Number of total capsules plant? 885.05 381.46 553.35** 194.16
Number of opened capsules plant™? (%) 28.35 79.72 252.54ns 181.76
Number of seeds capsule? 6.6 43.55 122.87** 24.34
Seed shattering (%) 259.86 421.51 235.55ns 240
1000 seeds weight (g) 0.78 0.04 0.09* 0.05
Seed yield plant™ (g) 13.02 5.02 4.85* 2.74
Oil content (%) 0.74 0.76 16.22** 0.52

** = highly significant at p<0.01, * = significant at p<0.05, ns = non-significant at p<0.05

Performance of sesame genotypes for yield and
yield-related traits
Mean performance of sesame genotypes for

10 quantitative traits presented in Table 3.

Among the 64 genotypes, the three varieties
(setit-1, setit-2,
maturing genotypes with 93 days (setit-1 and

and humera-1) were early

setit-2) and 95 days (humera-1) of maturity
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period, whereas EBI28306 was a late maturing
sesame genotype. The lowest and the highest
percentage of disease severity index (%) were
recorded on EBI28316 and ZT-054 (1),
respectively. ASARC-ACC-SG-013 produced the
highest number of capsules plant™?, while KG-012
(2) was the lowest capsule producing genotype.
Genotype EBI202514, ASARC-ACC-SA-016, and
ASARC-ACC-SG-005 produced the highest number
of seeds capsule?. The highest seed yield (9.65 g
plant?) was recorded from ASARC-ACC-SG-013
followed by EBI17697 (9.51 g plant™) and ASARC-
ACC-SA-011 (8.86 g plant?). ASARC-ACC-SG-013
and EBI17697 had 35.75% and 34.80% vyield
advantage, respectively, over the mean seed yield
of all genotypes. In regard to seed quality-related
traits, the lowest oil content recorded was 44.15%
while the highest (60.09%) was recorded from GK-
012 (2). Genotypes such as EBI28302, EBI28306,
and EBI23565 were large-seeded with 1000 seeds
weight of 2.75 g. Gebremichael (2017) reported a
wide range of variation among Ethiopian sesame
germplasm for oil content ranging from 34.10% to
55.50% and the weight of 1000 seeds ranging
from 1.30 g to 4.10 g. Generally, the present
study revealed the presence of elite sesame
genotypes which can be proposed for better seed
yield, seed size, and oil content.

Estimates of genetic parameters

The estimates of genetic parameters for the
twenty quantitative traits are presented in Table
4. Both genotypic and phenotypic coefficients of
variation (GCV and PCV) were higher for days
from the first capsule-opening to physiological-
maturity, number of primary branches plant?,
capsules on the main stem plant?, total capsule
plant?, and opened-capsules plant™. Similarly,
primary branches plant™ and capsules plant™? had
high GCV and PCV values (Abate et al.,, 2015).
High GCV estimates were shown for days to
flowering (Gidey et al., 2012) and capsules plant?
(Teklu et al., 2017; Abhijatha et al., 2017]. The
highest PCV and GCV for days to the first capsule-
opening to

physiological-maturity, primary

branches plant?, the number of capsules on the
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main stem plant?, and total capsules plant?
showed the existence of variability among the
genotypes with a significant contribution of
genotypic variance to an observed variation. High
PCV values coupled with high GCV values ensure
the existence of sufficient variation within the
study genotypes in regard to these traits. On
other hand, the resistance of sesame genotypes
against bacterial blight, plant height to the first
the
capsule length, and seeds capsule? all had
moderate (10 — 20%) GCV and PCV estimates.
Moreover, moderate GCV and high PCV were

branch, length of capsule-bearing zone,

seen in seed yield plant™. In contrast, Bandila et
al. (2011) reported high GCV for seed yield plant
1. Moderate GCV and high PCV on yield plant?
indicated that the phenotypic variation was
attributed to genetic and environmental effects.
Further, both GCV and PCV values were moderate
for diseases susceptibility index (%), plant height
to first branch, the length of capsule-bearing
zone, capsule length, and seeds capsule™.
However, low (0 - 10%) GCV and PCV estimates
were exhibited on days to flowering, days to 90%
physiological-maturity, oil content, 1000 seeds
weight, and the width of the capsule. Low PCV
and GCV estimates obtained for flowering period,
physiological-maturity, capsule width, 1000 seeds
weight, and oil content revealed that sesame
genotypes had little variation and a low response
to selection regarding these traits.

High PCV but low GCV estimates which have
been recorded on the length of scratch on the
opened capsule and seed shattering indicated an
observed phenotypic variation was mainly
attributed to environmental effect. GCV and PCV
values were very close to each other for period of
flowering and physiological-maturity, capsule
length, seed capsule!, and oil content. Little
difference between PCV and GCV estimates
indicated that an observed phenotype in regard
to these traits was majorly attributed to genetic
effects. On other hand, high PCV and GCV
difference was exhibited for days from the first
capsule opening up to maturity, internode length,
and the number of opened capsules per plant (%).
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The highest differences between GCV and PCV

values indicate the greater contribution of
environmental effect on observed phenotype
(Bandila et al., 2011). On other hand, high PCV
but zero GCV estimates were recorded for the
length of scratch on the opened capsule (%) and
seed shattering (%). In the current study, high
heritability values validated the larger importance
of the genetic factor on the phenotype of various
High heritability (H2 >50%) was

realized on flowering period,

characters.
physiological-
maturity, plant height to first branch, length of
capsule-bearing zone, capsule length, primary
branches plant?, capsules on the main stem
plant-1, total capsules plant?!, seeds capsule?,
and oil content. Similar findings were noticed for
branches plant™® and capsules plant™® (Abhijatha et
al., 2017).

Further, the result was in agreement with
Abate et al. (2015) for seeds capsule? and oil
content. Heritability values were found moderate
(20% - 50%) for bacterial blight disease severity
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index, days from first capsule-opening to
physiological-maturity, plant height, internode
length, capsule width, the number of opened-
capsules plant?, 1000 seeds weight, and seed
yield plantl. Moderate heritability observed on
yield plant! was in agreement with Abate et al.
(2015) but inconsistent with the result of Khairnar
and Monpara (2013) who found out high
heritability heritability

estimates were completely zero for traits such as

estimate. However,
length of scratch on the opened-capsule and seed
shattering. The highest genetic advance as a
percentage of the mean (GAM) was recorded on
number of days in between first capsule-opening
to physiological-maturity, plant height to first
branching, capsule length, primary branches
plant?, capsules on the main stem plant?, total
capsules plant?, opened-capsules plant?, and
yield plantl. Moreover, moderate GAM values
were obtained for the length of capsule-bearing

zone, seeds capsule?, and oil content.
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Table 3. Mean performance of sesame genotypes for yield and yield-related traits

Genotype DF BBDS DM PBPP NCMS CPP SPC TSW (0] SYPP
EBI17697 55.34j-q 41.83mn 113.16d-k 3.50b-/ 25.63b-j 63.46a-g 70.29g-u 2.25bc 57.71bc 9.51ab
EBI17702 56.45e-0 44.87j-n 112.77d-k 3.95a-i 24.10b-n 59.51a-j 70.17g-u 2.25bc 54.51g-m 7.53a-/
EBI17703 56.17h-q 44.86k-n 114.18b-j 3.45b-m 24.13b-m 61.20a-i 66.21/-x 2.50ab 52.96n-s 7.66a-j
EBI17704 54.14n-r 43.61/Imn 111.39f-/ 3.57b-k 25.31b-k 54.39a-/ 73.24d-q 2.25bc 53.73k-q 8.08a-h
EBI17708 56.60d-n 41.80mn 113.63c-k 4.60ab 21.99d-r 63.40a-h 75.00d-0 2.00c 54.87g-k 7.48a-1
EBI23548 54.02n-r 44.71k-n 110.74h-m 3.78b-j 23.48c-p 69.48abc 75.51d-n 2.00c 52.67p-u 7.76a-i
EBI23565 56.79d-n 50.29g-n 113.21d-k 3.47b- 24.34b-| 49.58b-n 69.89h-u 2.75a 57.97b 6.78a-p
EBI28301 57.36¢-/ 60.70a-n 100.00gr 3.03c-p 20.41e-u 43.48c-q 68.25j-v 2.00c 47.19ef 6.71a-p
EBI28302 53.670-r 60.14a-n 104.500pq 2.50j-r 15.010-z 31.93k-t 77.76b-j 2.75a 50.85wxyzAB | 5.41d-q
EBI28303 57.79¢-k 70.15a-h 108.55k-0 2.17k-t 11.56u-z 28.65k-t 75.94c¢- 2.25bc 50.00yzABC 4.89g-q
EBI28304 57.81c-k 57.09b-n 112.47e-k 2.03m-t 16.79k-y 29.04k-t 79.84b-g 2.00c 52.34q-v 4.09m-q
EBI28306 57.40c-/ 48.47h-n 123.17a 2.97c-p 31.50abc 61.03a-i 82.23b-f 2.75a 55.33d-j 8.47a-d
EBI28308 57.48c-I 52.09g-n 111.13g-/ 2.84d-q 21.95d-r 42.35c-r 79.83b-h 2.00c 50.23xyzABC | 5.58c-q
EBI28309 53.40p-r 59.86b-n 102.66pq 2.52j-r 14.96p-z 32.41-t 68.52j-v 2.00c 49.46BCD 5.32d-q
EBI28316 55.09k-q 40.41n 101.23pg 2.88c-p 19.92e-v 51.85b-n 63.25r-y 2.25bc 53.15m-r 7.24a-m
EBI28318 57.41c-I 46.38i-n 111.93e-/ 2.49j-r 27.24a-h 49.79b-n 83.17bcd 2.50ab 49.61A-D 8.18a-g
EBI28320 53.21qg-r 51.11g-n 114.84b-h 2.65g-q 27.17a-h 48.99b-0 71.13g-t 2.50ab 50.36xyzABC | 7.37a-m
EBI202514 56.26h-q 42.63Imn 112.42e-k 2.89¢c-p 21.33e-r 38.60f-t 95.20a 2.25bc 53.91jp 6.95a-0
EBI207957 53.95n-r 55.28d-n 111.34g-/ 2.96¢-p 17.23j-x 37.94f-t 65.86m-x 2.50ab 51.98r-w 5.75c-q
Abasena 55.67j-q 76.52a-d 109.13j-0 1.42q-t 18.41h-x 24.56n-t 61.96t-y 2.50ab 51.37u-z 4.21l-q
ASARC-ACC-S-001 59.29a-e 57.78b-n 112.19e-k 4.01a-g 23.20c-q 54.74a-/ 73.34d-q 2.25bc 54.98e-k 7.39a-m
ASARC-ACC-S-003 58.09b-f 52.77g-n 118.87a-c 3.30b-n 23.43c-p 48.80b-p 62.96r-y 2.00c 50.93vwxyzA 8.24a-f
ASARC-ACC-S-004 59.14a-g | 63.60a-m 116.79b-f 2.50j-r 17.98j-x 33.84i-t 62.72r-y 2.00c 55.16e-k 6.15c-q
ASARC-ACC-S-006 57.90c-k 60.00a-n 115.32b-h 2.42j-s 23.59c-0 42.73c-q 54.87y 2.25bc 56.33c-f 4.70i-q
ASARC-ACC-S-010 59.45a-d 64.19a-/ 110.95h-/ 2.20k-t 18.47h-x 25.24m-t 70.28g-u 2.00c 53.40/-r 4.28k-q
ASARC-ACC-S5-022 55.78i-q 55.14d-n 111.26g-/ 2.67g-q 30.39a-d 56.04a-k 61.26u-y 2.25bc 55.83d-g 6.15c-q
ASARC-ACC-SA-002 56.28g-q 55.83c-n 112.79d-k 3.71b-j 27.08a-h 56.650-k 63.96qg-y 2.25bc 54.27h-o0 7.14a-m
ASARC-ACC-SA-007 58.03c+j 44.98j-n 112.66e-k 4.12a-e 21.98d-r 52.47a-m 75.31d-0 2.50ab 52.96n-s 6.90a-0
ASARC-ACC-SA-008 58.98a-h 49.98g-n 118.08a-d 3.99a-h 28.15a-f 69.06a-d 78.05b-i 2.25bc 53.79k-q 8.66a-d
ASARC-ACC-SA-009 54.67I-q 46.12j-n 116.97b-e 4.11a-f 21.02e-s 53.21a-m 65.67n-x 2.25bc 54.40h-n 6.14c-q
ASARC-ACC-SA-011 56.24h-q 53.47e-n 113.50c-k 2.97c-p 31.00abc 66.61a-e 82.46b-e 2.25bc 54.94f-k 8.86abc
ASARC-ACC-SA-016 57.40c-1 49.74g-n 112.40e-k 2.61h-q 28.73a-e 41.30d-r 87.34ab 2.50ab 52.41qg-u 6.65a-p
ASARC-ACC-SA-017 57.12d-m 52.36g-n 114.53b-i 3.03c-p 26.74a-i 61.28a-i 61.97s-y 2.00c 56.42cde 7.04a-n
ASARC-ACC-SA-019 56.20h-p 54.31d-n 112.34e-k 3.58b-k 27.07a-h 66.590-e 76.23c-k 2.25bc 52.830-t 8.56a-d
ASARC-ACC-SA-020 55.05k-q 51.68g-n 111.05h-/ 2.96¢-p 35.27a 61.590-i 59.66v-y 2.25bc 44.79G 6.26b-q
ASARC-ACC-SA-022 57.74c-k 55.56¢-n 114.10b-j 3.07c-o0 19.04g-w 37.65f-t 69.15j-v 2.25bc 52.45q-u 6.04c-q
ASARC-ACC-SG-005 58.67a-i 50.55g-n 117.08b-e 3.99¢-i 24.35b-/ 44.00c-q 85.75abc 2.25bc 56.62bcd 6.58a-p
ASARC-ACC-SG-013 | 57.09d-m 50.84g-n 111.70e-/ 5.24a 30.43a-d 79.73a 77.15c-j 2.50ab 54.87g-k 9.65a
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Genotype DF BBDS DM PBPP NCMS CPP SPC TSW ocC SYPP
ASARC-ACC-SG-018 56.34f-0 50.01g-n 112.73d-k 4.60ab 32.86ab 73.68ab 57.68wxy 2.50ab 55.35d-j 8.28a-e
GK-012(1) 57.17d-m 45.42j-n 113.05d-k 2.77e-q 19.56f-w 35.98g-t 66.96k-w 2.50ab 55.67d-h 6.29b-q
GK-012(2) 54.45m-q 53.34f-n 114.61b-h 4.30abc 20.48e-t 63.21a-h 69.72i-u 2.25bc 60.09a 6.65a-p
GM-012(1) 56.38f-0 64.60a-/ 110.02h-n 1.99n-t 18.08i-x 35.59h-t 64.95p-x 2.50ab 53.11m-s 5.87¢-q
GM-012(2) 56.14h-p 55.40d-n 108.81j-0 1.59p-t 12.67s-z 20.26g-t 70.21g-u 2.00c 50.43xyzABC | 3.78n-q
Gondar-1 58.02i-j 44.85k-n 110.90h-/ 4.28a-d 27.36a-g 69.01a-d 74.27d-p 2.50ab 50.16yzABC 8.50a-d
HM-012(1) 56.07i-q 71.23a-g 108.42k-0 2.72f-q 15.28m-z 32.31-t 63.85qg-y 2.50ab 51.67s-x 5.64c-q
HM-012(2) 60.12abc 70.69a-h 114.89b-h 2.97c-p 12.35s-z 26.57m-t 69.81j-u 2.25bc 53.02n-s 4.35j-q
Humera-1 59.24a-f 62.50a-n 94.66rs 2.07/-t 19.58f-w 32.24j-t 60.75u-y 2.50ab 52.66p-u 5.19e-q
KG-012(1) 58.05b-f 77.92ab 105.40m-q 0.81t 14.35g-z 13.39st 60.62u-y 2.25bc 48.51DEF 3.73n-q
KG-012(2) 60.12abc 75.27a-f 116.55b-g 1.670-t 7.53z 11.10t 79.77b-h 2.00c 53.14m-r 3.18q
MG-012(1) 53.620-r 67.77a-i 111.37g-/ 3.13c-n 17.56j-x 40.95d-s 76.02c-/ 2.50ab 54.01i-p 6.06c-q
MG-012(2) 59.29a-e 49.59g-n 106.61/-p 3.80a-j 24.37b-1 65.52a-f 75.75d-m 2.50ab 54.80g-/ 7.62a-k
MT-023(1) 58.14b-j 59.87b-n 104.81n-q 4.06a-j 18.88g-w 51.57b-n 68.75i-v 2.00c 52.38q-u 6.61a-p
MT-075(1) 55.76j-q 77.65abc | 104.390pq 2.78e-q 13.53r-z 27.83/-t 56.47xy 2.50ab 48.99CD 5.00f-q
Setit-1 46.71t 54.02e-n 93.36s 2.29k-s 18.66g-w 30.21k-t 66.12/-x 2.50ab 53.14m-r 5.66¢-q
Setit-2 49.83s 61.25a-n 93.47s 1.19rst 16.92j-y 21.16p-t 57.11wxy 2.25bc 50.51xyzAB 4.76h-q
TM-023(2) 59.36a-d 53.61le-n 115.34b-h 2.58i-r 19.79f-w 35.09ij-t 66.21/-x 2.25bc 52.70p-u 5.03e-q
TZ-013(1) 51.48rs 69.45a-h 102.48pg 2.99¢c-p 11.33v-z 24.05n-t 59.38v-y 2.50ab 51.41t-y 4.31k-q
TZ-013(2) 56.57d-n 60.83a-n 119.34ab 2.91cp 13.45r-z 26.79m-t 71.86g-s 2.25bc 51.45¢t-y 4.80h-q
TZ-054(1) 58.95a-h 65.97a-k 113.19d-k 2.81e-q 14.72p-z 27.04m-t 68.81j-v 2.25bc 49.95zABC 4.32j-q
TZ-054(2) 60.91ab 75.68a-e 104.080pq 3.04c-0 8.06yz 15.39rst 62.225-y 2.25bc 46.62F 3.59pq
ZT-013(1) 56.60d-n | 63.60a-m 113.21d-k 3.50b-/ 15.49/-z 38.62e-t 72.62e-r 2.00c 44.15G 4.68i-q
ZT-013(2) 57.55¢-/ 66.81a-j 109.05j-0 2.44j-r 11.28w-z 21.240-t 63.44q-y 2.50ab 55.38d-i 4.74i-q
2T-054(1) 54.09n-r 81.52a 112.21e-k 2.43j-r 11.81t-z 20.26q-t 72.30f-r 2.50ab 57.69bc 4.25/-q
ZT-054(2) 61.40a 66.11a-k 113.01d-k 0.97st 9.59xyz 14.48rst 65.470-x 2.50ab 52.98n-s 3.650pq
Mean 56.58 56.98 110.79 2.98 20.56 43.23 70.04 2.30 52.77 6.20
Pr(>F) 5.538e10 0.01 1.47¢13 3.225e% 1.78%77 2.25e% 2.741e® 0.02 2.2e1° 0.0074
sig‘ %k %k %k * %k %k %k %%k %k 3k %k %k 3k %k %k %k %k ok * %k %k %k %k

DF=days to flowering; BBDS=disease susceptibility index (%); DM=days to physiological-maturity; PBPP=capsule-bearing primary branches plant™; NCMS=capsules on the main stem plant™;

CPP=total capsules plant; SPC=seeds capsule™’; TSW=1000 seeds weight in g; OC=o0il content (%); SYPP=seed yield (g plant?).
Means indicated with different letters are significantly different (p<0.05), and — sign between letters indicate the range of a group (compact letter display).
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Further, lower GAM (0 - 10%) estimates were
observed on flowering and maturity period, the
internode length, capsule length, 1000 seeds
weight, length of scratch on the opened-capsule,
and seed shattering. High heritability along with
high GAM for branches plant™?, capsules on the
main stem plant?, total capsules plant?, and the
length of the capsule revealed a greater
contribution of genotypic variance and availability
of enriched variability which suggests that
phenotypic selection would bring a progressive
genetic gain. Whenever yield-related characters
governed by additive genes as evidenced by high
heritability coupled with high GAM, vyield can be
enhanced through indirect selection for yield-
2017).

Estimation of heritability provides details on the

related characters (Rajput et al.,

level of genetic influence over the manifestation
of a certain trait as well as the accuracy of
phenotypic prediction of breeding value. Breeding
programs

usually consider heritability as a

measure of how well desirable genes are passed

on from parents to offspring (Falconer, 1996).
Moderate heritability with high GAM obtained for
yield plant?, which suggests selection of elite
genotypes for higher yield should undergone in
later generations until the fixation of desirable
alleles of yield contributing traits. High heritability
and low GAM for flowering and maturity period
showed the manifestation of high genetic
influence despite inadequate variability among
sesame genotypes in regard to these traits.
high heritability
moderate GAM for seeds capsule! and oil

Furthermore, along with
content indicated a high contribution of genetic
effects on an observed variability. On other hand,
zero heritability and zero GAM for the length of
the
shattering revealed that the phenotype of these

scratch on opened-capsule and seed

characters was completely attributed to the

environmental effects, and limited scope of

improvement to mitigate yield loss due to seed
shattering.

Table 4. Genetic parameters for the twenty yield and yield-related characters

meanztsd Genotypic Phenotypic Environmental GCV(%) PCV(%) Heritability(H?) Genetic GAM(%)
variance(o2g) variance(o2p) variance(c2e) advance
Vi 56.6+2.8 4.9 5.9 2.1 3.9 4.3 82.6 4.1 7.3
V2 57.0£13.3 40.1 100.8 121.4 11.1 17.6 39.8 8.2 14.4
V3 110.846.1 27.6 31.0 6.8 4.7 5.0 89.0 10.2 9.2
v4 3.4+2.3 1.4 3.2 3.6 34.5 52.0 44.1 1.6 47.2
V5 98.7+14.8 62.8 128.7 131.6 8.0 115 48.8 11.4 11.6
V6 34.7£7.7 225 37.1 29.1 13.7 17.6 60.8 7.6 22.0
V7 44.7+10.0 33.2 61.9 57.4 12.9 17.6 53.7 8.7 19.5
V8 41.2+8.7 8.4 39.2 61.6 7.1 15.2 21.5 2.8 6.7
V9 24.7£3.9 10.3 12.7 4.8 13.0 14.4 81.2 6.0 24.1
V10 30.3+13.1 0.0 96.2 192.3 0.0 323 0.0 0.0 0.0
Vi1 7.620.8 0.2 0.4 0.5 5.1 8.4 36.9 0.5 6.4
V12 3.0+1.0 0.4 0.7 0.5 22.2 28.0 63.1 11 36.4
V13 20.617.2 28.1 37.8 19.3 25.8 29.9 74.5 9.4 45.8
V14 43.2+20.1 179.6 276.7 194.2 31.0 38.5 64.9 22.2 51.5
V15 18.6+14.3 35.4 126.3 181.8 32.0 60.4 28.0 6.5 34.9
V16 70.0+8.8 49.3 61.4 24.3 10.0 11.2 80.2 13.0 18.5
V17 51.2+15.8 0.0 120.0 240.0 0.0 214 0.0 0.0 0.0
V18 2.3+0.3 0.0 0.1 0.1 6.4 9.4 46.7 0.2 9.0
V19 6.212.0 1.1 2.4 2.7 16.6 25.1 435 1.4 225
V20 52.8+3.0 7.9 8.1 0.5 5.3 5.4 96.8 5.7 10.8

V1=days-to-flowering; V2=disease-severity index (%), V3=physiological-maturity; V4=days from first capsule-opening to physiological-maturity; V5=plant-

height (cm); V6=plant-height to first-branching (cm); V7=length of capsule-bearing-zone (cm); V8= the internode-length (mm); V9=capsule-length (mm); V10=

the length of cracking on opened capsule (%); V11=capsule width (mm); V12=capsule-bearing primary branches plant?; V13= capsules on the main stem
plant'; V14=total capsules plant?; V15=opened capsules plant® (%); V16=seeds capsule’; V17=seed shattering (%); V18=1000 seeds weight (g); V19=seed

yield (g plant?); and V20=oil content (%)

Conclusion

The experiment indicated the presence of

polymorphism for yield and vyield-related

characters, oil content, and seed size which

163

indicated availability of genetic potential that can
be used to enhance yield, oil content, and seed
size. On other the hand, ANOVA revealed non-
the studied
seed-shattering-related

significant  difference  within

genotypes  regarding
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traits, implying that mitigation of yield loss which
by
introduction

caused seed-shattering  requires an

and evaluation of indehiscent
sesame lines and transfer of desirable genes into
local cultivars. Further, high heritability with the
highest genetic advance on yield-related traits
revealed that breeders can expect a reliable

response from selection underlying these traits.
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Lavanta ugucu yagi lretiminde kaliteyi etkileyen en 6nemli unsur, herbanin ugucu yag
orani ve ugucu yag bilesenlerinin dagilimidir. Lavanta ugucu yagi, kullanilan herbanin
icerdigi sap, cicek ekseni, yaprak ve ¢icek ugucu yaglarinin bir karisimi olarak elde
edilmektedir. Bu toprak Ustli organlarin ugucu yag orani ve ugucu yag bilesenleri
dagihminin farkhlik géstermesi muhtemeldir. Calisma, lavandin de organlara gére ugucu
yag oranlarini ve ucucu yag bilesenleri dagihmini belirlemek amaciyla, 2018 yilinda,
Tesedlf Bloklari Deneme Deseninde, Ug¢ tekrarlamali olarak, Sanhurfa kosullarinda,
yuratilmustir. Denemede, ana sap, cicek ekseni, yaprak ve cicek olarak organlarina
ayrilan 6rneklerin, ugucu yag oranlari ve ugucu yag bilesenleri dagilimi incelenmistir.
Ugucu yag oranlarinin ve ugucu yag bilesenleri dagihminin organlara gére 6nemli diizeyde
degistigi belirlenmistir. Ayrica, ana sapta ve yaprakta 1,8-cineole, gicek ekseninde
camphor ve gigekte linalool ana bilesen olarak saptanmistir.

Anahtar Kelimeler: Lavandula hybrida, Morfogenetik varyabilite, Ugucu yag orani, Ugucu
yag bilesenleri

ABSTRACT

ABSTRACT

The most important factor affecting the quality in the production of lavender essential oil
is the essential oil content of the herb and the distribution of essential oil components.
Lavender essential oil is obtained as a mixture of stem, flower axis, leaf and flower
essential oils found in the plant used. The essential oil content and essential oil
components distribution of these above-ground organs are likely to differ. The study was
carried out to determine the essential oil ratios and the distribution of essential oil
components by organs in lavandin, in the Random Blocks Trial Design with three
replications, in 2018, under Sanliurfa conditions. In the experiment, essential oil ratios
and distribution of essential oil components of the samples separated into the main stem,
flower axis, leaf and flower organs were investigated. It was been determined that the
essential oil ratios and the distribution of essential oil components significantly varied
according to the organs. In addition, the 1,8-cinecle in the main stem and leaf, the
camphor in the flower axis and the linalool in the flower were determined as the main
components.

Key Words: Lavandula hybrida, Morphogenetic variability, Volatile oil ratio, Volatile oil
components
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Giris

Lamiaceae familyasindan degerli bir ugucu yag
bitkisi olan lavanta (Lavandula sp.), Akdeniz orjinli
olup, 39 kadar tiri bulunmaktadir. Diinyada
ticaretinde 6nemli yer tutan iki tlrl (Lavandula
angustifolia Mill. ve L intermedia Emeric ex
Loisel.) bulunmaktadir. ingiliz lavantasi olarak
bilinen lavander (L. angustifolia Mill.) cesitlerinde
ucucu yag kalitesi, melez lavanta olarak bilinen
(L.
cesitlerinde ise ugucu yag orani daha yiksektir

lavandin intermedia Emeric ex Loisel)

(Beetham ve Entwistle, 1982; Boeckelmann,
2008). Bu 6nemli turlerin diginda ki tiirler peyzaj
amacli, sis bitkisi, potpori ve kesme cicek gibi
alanlarda degerlendirilirler (Tucker, 1985).

Son vyillara Ulkemizde lavanta tarimi giderek
yayginlasmaktadir. Tlrkiyede daha c¢ok lavandin,
melez lavanta tarimi yaygindir. L. angustifolia ve
L. (3n)
intermedia kisir

Latifolia’nin  triploid melezi olan L.
(L. hybrida),

tohumdan lretilemez ve bu nedenle vejetatif

olduklari igin
olarak ¢ogaltilirlar (Baydar ve Kineci, 2009). TUIK
(2022) verilerine gore, Turkiye’de 2021 yilinda
6108 ton lavanta Uretimi yapilmistir. Lavanta
tarimi  Ulkemizde Ozellikle Isparta, Ankara,
Canakkale, Dlizce, Glimishane, Sivas, Usak ve
Sanliurfa illerinde yapilmaktadir.

L. intermedia ugucu yaginin kokusu giiclidir ve
bu nedenle, tibbi amacgla ve kozmetik Grlinlerde
yaygin olarak kullanilir. Yapraklari yesil renkte,
sivri kompakt yapida, cicekleri glzel kokulu ve
cicek rengi koyu mordur. Lavandin cesitlerinin
kuru sapsiz ciceklerinin %7.1-9.9 arasinda ugucu
yag icerdigi (Renaud ve ark. 2001), Isparta’da
yetistirilen Super A lavandin ¢esidinin ugucu yag
oraninin taze saph cigceklerde %1.0-1.5 arasinda,
kuru sapsiz gigeklerde ise %5-6 arasinda degistigi
bildirilmistir (Baydar ve Kineci, 2009). Lavanta
ucucu yaginda 100’den fazla bilesen belirlenmistir
ve bunlarin en 6nemlileri linalyl acetate, linalool,
1,8-cineole ve camphordur (Beetham ve
Entwistle, 1982; Karapandzova ve ark., 2012; Kara
ve Baydar, 2013). Lavanta bitkisinde ucucu yag
orani ve ugucu yag bilesenleri dagilimi genotipten

(Munoz-Bertomeu ve ark., 2007; Kara ve Baydar,
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2013; Karik ve ark., 2017; Ozel, 2019), yetistigi
ekolojik kosullardan (Hassiotis ve ark., 2010;
Herraiz-Penalver ve ark., 2013; Bella ve ark., 2015)
ve uygulanan yetistirme tekniginden (Arabaci ve
Ceylan, 1990; Arabaci ve Bayram, 2005) biyuk
Olcide etkilenmektedir. Jianu ve ark. (2013),
Romanya’da yetistirilen L. intermedia’nin ugucu
yaginda ana bilesen olarak camphor (% 32.7) ve
1,8-cineole (% 26.9) bulundugunu ve Kara ve
Baydar (2013) ise linalool (%34.8-43.3), linalyl
acetate (%3.8-42.5), camphor (%5.3-12.5) ve 1,8-
cineol (%4.6-26.1) oldugunu bildirmislerdir.
Lavanta bitkilerinde her sap basak seklinde bir
cicekle son bulmakta ve cicekler tam ciceklenme
déneminde, birkag yaprak icerecek sekilde ¢icek
basaklari sapli olarak hasat edilmektedir. Hasat
bu yag
Uretilmektedir. lavanta ugucu yagi

edilen saph  c¢iceklerden ugucu
Dolayisiyla
yaprak, sap, cicek ekseni ve cicek ucucu yaglarinin
bir karisimi olarak elde edilmektedir. Bu toprak
Ustld organlarinin ugucu yag orani ve ugucu yag
farkhhk

muhtemeldir (Angioni ve ark., 2006; Munoz-

bilesenleri  dagiliminin gostermesi
Bertomeu ve ark., 2007). Lavanta bitkisinde ugucu
yag vyapraklar ve ciceklerin yilzeyinde bulunan
salgl tlylerinde dUretilir ve bu nedenle kimyasal
bilesimleri, degisim gosterebilecegi bildirmislerdir
2013).

angustifolia ve L.

(Goncalves ve Romano, Boeckelmann
(2008), L.

cesitlerinde,

X intermedia

monoterpen olusumunu kontrol
eden mekanizmalardan bazilarini tanimlamak igin
yurattikleri calismada, ugucu yag veriminin yani
sira camphor, borneol, linalool ve limonene
miktarinin tlire 6zgl oldugunu, L. angustifolia
cesitlerinin yiksek miktarda linalool icerdigini
ancak, ucucu yag iceriginin distk oldugunu, L. x
intermedia cesitlerinin ise camphor ve ugucu yag
bakimindan zengin oldugunu bildirmistir. Ayrica,
monoterpen miktarinin cicek gelisimi sirasinda
degistigini ve biyosentetik yollarin veya ekolojik
faktor etkilerinin farkh bitkisel ve cicek dokulari
arasinda farklihk gosterdigini, linalool miktarinin

linalool sentaz geninin transkripsiyonu ile iliskili

oldugunu ve linalool Uretiminin  kismen
transkripsiyonel olarak diizenlendigininin
duslinilebilecegini, ayrica monoterpen
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miktarlarinin depolama ve optimal olmayan

depolama sirasinda azalma gozlendigini
belirlemistir. Bu nedenlerle, hasat edilen triindeki
bu organ miktarlarina baglh olarak ugucu yag orani
farkhilik

gosterebilir. Ornegin, Munoz-Bertomeu ve ark.

ve ucgucu vyag bilesenleri dagilimi
(2007) Lavandula latifolia ugucu yag bilesenlerinin
bitki aksamlarina goére degistigini, 1,8-cineoliin
yaprakta  %46.8-54.6, cicekte  %20.8-47.9;
camphorun yaprakta %31.5-43.5, cicekte %11.5-
18.6, linalooluin yaprakta %0.0-0.1, gicekte %15.1-
54.7 arasinda degistigini bildirmektedir. Tzakou ve
ark. (2009), Lavandula cariensis ve L. stoechas'ta
organlara gore ucucu yag bilesenlerinin degisim
gosterdigini, L. cariensis'in gicek ve yaprak ugucu
yaglarinda en fazla camphor (sirasiyla % 51.8 ve %
48.8) bulundugunu, buna karsin L. stoechas'in
ucucu vyaglarinda ana bilesenlerin fenchone
(sirastyla % 39.9 ve 21.0) ve camphor (sirasiyla %
24.2 ve 26.3) oldugunu bildirmiglerdir. Kaya ve
ark. (2012), L. stoechas bitkilerinde ontogenetik,
morfogenetik ve glunlik degiskenligin ucucu yag
orani ve bilesenleri (zerine etkili olduklarini,
ucucu yag bilesenleri dagiliminin yaprak ve sapta
onemli dlzeyde degistigini ayrica, ucucu vyag
bilesenleri  dagiliminin

de

yapraklarin
farkhlik

saptaki
yerlerine  gore
bildirmektedirler.

Bu c¢alisma,

gosterdigini

lavandinde toprak Ustl bitki
organlarina gbre ugucu yag oranlarini ve ugucu
yag bilesenleri dagilimini belirlemek amaciyla

ylritilmastar.
Materyal ve Metot

Sanliurfa ekolojik kosullarinda L. intermedia’da
morfogenetik varyabilitenin belirlenmesi amaciyla
2018 yilinda, Harran Universitesi Ziraat Fakiiltesi
Osmanbey Kamplsii Arastirma ve Uygulama
Alaninda, Tesadiif Bloklari Deneme Deseninde 3

tekrarlamali olarak vyiritilen calismada, bitki
materyali olarak, 2015 Nisan ayi ilk haftasi
dikimleri  yapilmis, 3 vyasindaki lavandin

plantasyonu kullanilmistir.
Lavanta bitkileri 70x40 cm siklikta dikilmis,
bitkilerde yil boyu yabanci otla miicadele, sulama
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ve capalama gibi bakim islemleri, ihtiya¢ oldugu
donemde yapilmistir. Denemeye, Mart ayinda 5
kg.da? azot gelecek sekilde ust glibre (amonyum
nitrat) uygulanmistir. Bitkiler tam ¢iceklenme
déneminde, budama makasiyla hasat edilmistir.
bitkilerden

gosteren ornekler, 3 gruba ayrilmistir. Bu érnekler

Hasat edilmis tam ¢iceklenme
yaprak, cicek ekseni, ana sap ve cicek olarak
organlarina ayrilmistir. Toprak Usti aksamlarina
gore ayrilan ornekler, oda sicakliginda ve golgede
kurutulmustur. Kurutulan tim orneklerden 30 g
3

distilasyonuna tabi tutulmus ve volimetrik (ml/g)

ogutlulmis materyal, saat slireyle su
olarak ucucu yag oranlari (%) belirlenmis ve

ortalamalari alinmistir.

Ugucu yag bilesenleri analizi

Organlara gore cikarilan ucucu yaglar, bilesen
analizleri yapilincaya kadar derin dondurucuda
saklanmigtir.  Ugucu vyag bilesenleri analizleri
HUBTAM (Hr.U. Bilim ve Teknoloji Uygulama ve
Merkezi)’da GC/MS analizine tabi
tutularak, organlara gore ucucu yag bilesenleri

Arastirma

dagilimi belirlenmistir.

Ucucu yag bilesenleri kompozisyonu,
“Shimadzu  Nexis GC-2030” marka Gaz
Kromotografisinde, Kitle Spektroskopisi (MS)

dedektori ve “Teknocroma capilary colum TR-
CN100 (60mX0.25mmX0.20um) kapiler kolonu
kullanilarak belirlenmistir. GC/MS analizlerinde
(1 ml.dakika?)
kullanilmistir. Kromatografi firin sicakligi 165°C’ de
15 dk tutulmus, sonra 5°C.dk* sicaklik artisi ile
200°C ulasilmis ve 40 dakika bu
bekletilmistir.

tasiyict gaz olarak helyum

sicaklikta

Analizler, hexzanla seyreltilen
ucucu yag orneklerinden, 1 pL enjekte edilmis ve
1/20 split orani kullanilarak yapilmistir. Ugucu yag
bilesen oranlari, pik alanlarinin oransal dagilimi
ylzdesi olarak belirlenmistir. Analizlerde WILEY,
NIST ve REPLIB kittiphaneleri kullanilarak ucucu
yag bilesenleri belirlenmistir.

3

tekerirlli olarak varyans analizine tabi tutulmus

Ucucu vyag oranlan tesadlif bloklarinda,

ve Lsd (%5)’e gore gruplandiriimistir.
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Arastirma Bulgulari ve Tarisma

Ugucu yag orani

Lavandula intermedia’nin organlarina gore
icerdikleri ugucu yag oranlari arasinda istatistiksel
olarak %1 dlizeyinde 6nemli farklihk saptanmistir.
Lavandin organlarinda saptanan ortalama ucucu

yag orani degerleri Cizelge 1’de verilmistir.

Cizelge 1. Lavandula intermedia’da organlara gbre ugucu
yag oranlari ortalama degerleri ve olusan gruplar
Table 1. Average values of essential oil ratios and formed

groups according to organs in Lavandula
intermedia
Bitki Organlari Ugucu Yag Oranlari (%)
Plant Organs Essential Oil Ratios
Ana Sap / Main Stem 0.09 ¢
Cicek ekseni / Flower Axis 0.40c
Yaprak / Leaf 0.97b
Cicek / Flower 8.52a
Ortalama / Average 2.50
Lsd (%5) 0.32

Cizelge 1'de goruldugiu gibi L. intermedia’da
organlara gore ucucu yag orani degerleri %0.09-
8.52 arasinda degisim gostermis ve en yiliksek
oran giceklerde (%8.52) ve en dislik oran ise ana
sapta (% 0.09) saptanmistir. Lavandinde organlara

gore ucucu yag icerigi blyuk farklilk gostermis ve
siralama anasap, ¢icek ekseni, yaprak ve g¢icek
seklinde olusmustur. Bulgularimiz, toprak Usti
farkhlik
gosterecegini (Angioni ve ark., 2006; Munoz-

organlarinda ucucu vyag oranlarinin
Bertomeu ve ark., 2007) ve lavantada ugucu yagin
yaprak ve ciceklerdeki salgi tliylerinde Uretildigini,
bu nedenle ugucu yag oraninin degisebilecigini
2013)  bildiren
uyumludur. Cicekte

ugucu yag orani degerimiz, lavandin de kuru

(Goncalves ve  Romano,

arastiricilarin - bulgulariyla

sapsiz giceklerde ugucu yag oraninin gesitlere gore
%7.1-9.9 arasinda degistigini bildiren Renaud ve
ark., (2001) degerlerinin st sinirindan duslk,
Karik ve ark. (2017)'nin bildirdigi degerlerden
(%4.85-8.25) ve Kara ve Baydar (2013)’in bildirdigi
degerlerden (%4.85-8.25) yiliksek bulunmustur.
Kuru yaprakta ucucu yag orani degerimiz ise Ozel

(2019)'in  bildirdigi  degerlere  (%0.91-1.01)
benzerdir.
Ugucu yag bilesenleri

Lavandula intermedia’nin organlarina gore

ucucu vyag bilesenleri dagilim oranlarina iliskin
ortalama degerler Cizelge 2’'de verilmistir.

Cizelge 2. Lavandula intermedia’da organlara gore ugucu yag bilesenleri dagilim oranlari (%0.10’da fazla olanlar)
Table 2. Distribution ratios of essential oil components by organs in Lavandula intermedia (more than 0.10%)

Sap / Stem Yaprak icek
Bilesen Ad1 / Componenet Name R.Time Ana Sap Cicek Ekseni pra Cice
) . Leaf Flower
Main Stem Flower Axis
Alpha-Pinene 11.481 - 0.09 0.39 0.29
Camphene 12.176 0.15 0.41 0.85 0.32
3-Hexyl hydroperoxide 12.328 1.28 0.19 0.07 -
2-Hexyl hydroperoxide 12.791 1.32 0.20 0.06 -
Sabinene 13.412 0.07 0.09 0.23 0.11
(-)-beta-Pinene 13.531 0.17 - 0.52 0.21
1-Octen-3-ol 13.826 - - 0.11 -
3-Octanone 14.105 - 0.11 0.60 0.66
Myrcene 14.352 - 0.13 0.22 0.87
Carene 15.235 - - 0.15 0.54
O-cymene 15.881 - 0.11 0.16 -
P-Cymene 15.969 0.60 0.54 1.01 1.39
1,8-Cineole 16.276 38.20 25.02 34.32 4.38
Cis-Ocimene 16.735 0.21 0.15 - 1.13
Ocimene 17.248 - 0.14 - 1.78
Trans-Sabinene hydrate 18.157 0.09 0.15 0.51 0.11
Trans-Linalool oxide 18.431 0.41 0.43 0.11 0.16
Camphenilone 18.926 0.13 0.11 0.12 -
Alpha-Terpinolene 19.232 - - 0.18 0.42
Linalool 19.861 0.25 7.93 2.85 32.22
Hexyl propionate 20.246 - 0.27 - -
1 Octen 3 yl acetate 20.543 - 0.10 0.08 -
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Bilesen Adi / Componenet Name R.Time Sap / Stem Yaprak Cicek
2-p-Menthen-1-ol 20.999 - 0.14 0.38 -
3-Octyl acetate 21.155 - 0.10 0.17 0.22
Nopinone 21.655 0.19 0.09 0.18 -
Pinocarveol 21.904 0.25 0.15 0.37 -
Camphor 22.016 32.51 28.51 23,51 6.17
Sabinene hydrate 22.255 0.14 0.14 0.18 0.12
Isoborneol 22.703 0.29 0.16 0.13 -
Pinocarvone 22.963 - 0.07 0.21 -
(-)-Borneol 23.163 13.89 10.42 9.87 4.19
Terpinene 4-acetate 23.734 0.20 0.14 0.32 0.08
Cuminol 24.013 0.40 - 0.29 -
p-Cymen-8-ol 24.150 2.05 0.21 - -
Cryptone 24.155 - 1.26 2.26 0.42
Alpha-Terpineol 24.496 0.07 2.22 1.32 3.43
Myrtenal 24.667 - 0.15 0.37 -
Verbenone 25.296 0.17 0.11 0.19 -
Carveol 25.838 - 0.14 0.27 -
Bornyl formate 26.232 1.50 2.31 0.93 0.04
Nerol 26.306 - - 0.29 0.66
Hexyl 2-methylbutanoate 26.701 - 0.17 - 0.10
Cuminaldehyde 26.788 0.23 0.66 1.29 0.17
(-)-Carvone 27.003 - 0.29 0.52 0.93
Lynalyl acetate 27.614 0.40 4.45 1.44 25.09
Alpha-Fenchyl acetate 29.056 0.80 1.07 0.43 -
Lavandulyl acetate 29.328 0.26 1.68 1.26 2.83
Allyl tiglate 31.270 - - - 0.19
Neryl acetate 32.709 0.13 0.50 0.15 0.85
Geranyl acetate 33.589 - 0.94 0.24 1.69
Caryophyllene 35.279 - 0.96 0.89 1.48
Alpha-Bergamotene 35.945 0.28 0.08 - 0.05
Beta-farnesene 36.824 - 0.37 0.33 0.73
Germacrene D 37.963 - 0.24 0.14 0.50
Germacrene B 39.070 0.22 0.47 0.22 0.05
Gamma-Cadinene 39.359 0.12 0.14 0.58 0.46
Caryophyllene oxide 42.232 0.36 0.91 2.09 0.31
Viridiflorol 43.065 0.14 0.15 0.40 -
Cubenol 43.518 - - 0.20 -
Alpha-Muurolol 44,538 0.38 0.62 1.71 0.23
Bisabolol oxide B 45.065 - 0.21 - 0.08
Alpha-Bisabolol 46.178 0.29 1.80 1.02 2.71
Shyobunol 46.517 - - 0.17 0.11
Oct-5-en-2-one 48.482 - 0.12 0.32 -
Phytone 51.955 0.14 - - -

Toplam / Total 98.29 98.32 97.18 98.48
Bilesen sayisi/Number of Components 36 54 55 42
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Sekil 1. Lavandula intermedia’da bazi makro ugucu yag bilesenlerinin organlara gore dagilimi
Figure 1. Distribution of some macro essential oil components in Lavandula intermedia according

to plant organs

Cizelge 2'de verilen L. intermedia ugucu yaglari
bilesen sayisi (%0.10'da yiiksek olan ortalama
degerler) organlara gore farklihk gostermis, ana
sapta 36, cicek ekseninde 54, yaprakta 55 ve
cicekte 42 adet bilesen saptanmistir. Saptanan bu
bilesenler organlara gore ugucu yagin %97.18-
98.44’inl olusturmustur. Organlara gore ucucu
yag bilesenleri dagihimi farklihk goéstermistir. Buna
gore, ana sapta makro bilesenler 1,8-cineole
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%38.20 (Sekil 1A), camphor %32.51 (Sekil 1C) ve (-
)-borneol %13.89 (Sekil 1D) olarak siralanirken,
lavanta cicegi ucucu yaginin ana bilesenleri olan
linalyl acetate (%0.40) ve linalool (%0.25) c¢ok
dislik oranlarda saptanmistir. Ucucu yag kalitesini
olumsuz yonde etkiledigi bilinen champhor ise 2.
sirada, tlim organlar icinde ise en yliksek oranda
saptanmistir (Cizelge 2).

Cicek ekseni ugucu yag bilesenleri dagilimi
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incelendiginde, makro bilesenlerin camphor
%28.51 (Sekil 1C), 1,8-cineole %25.02 (Sekil 1A), (-
)-borneol %10.42 (Sekil 1D), linalool %7.93 (Sekil
1B) ve linalyl acetate %4.45 (Sekil 1F) olarak
siralandigl, lavanta ugucu yaginin ana bilesenleri
olan linalyl acetat ve linalool oranlarinda sapa
bir
camphor cicek ekseni ucucu yaginin ana bileseni
olarak saptanmistir (Cizelge 2).

Yaprak yag
incelendiginde, makro bilesenlerin 1,8-cineole
%34.32 (Sekil 1A), camphor %23.51 (Sekil 1C) ve (-
)-borneol %9.87 (Sekil 1D) olarak siralandigi,
lavanta cicegi ucucu yaginin ana bilesenleri olan

gore, artis oldugu belirlenmistir. Ayrica,

ugucu bilesenleri  dagilimi

linalyl acetate ve linalool oranlarinda sapa gore,
bir artis ve cicek ekseni icerigine gore ise azalis
oldugu gorulmustir (Cizelge 2).

Cicek yag
incelendiginde ise, makro bilesenlerin linalool
%32.22 (Sekil 1B), linalyl acetate %25.09 (Sekil
1F), camphor %6.17 (Sekil 1C), 1,8-cineole %5.77
(Sekil 1A), (-)-borneol %4.19 (Sekil 1D) ve alpha-
%3.43 (Sekil 1E) olarak siralandig
(Cizelge 2). Cigek yagi
icerisinde, diger organlara gore linalool, linalyl

ugucu bilesenleri  dagilimi

terpineol
saptanmigstir ugucu
acetate, alpha-terpineol ve lavandulyl acetate
oranlari artarken camphor, 1,8-cineole ve (-)-
borneol oranlari 6nemli derecede azalmistir (Sekil
1A, C, D). Genel olarak sap, cicek ekseni ve yaprak
ucucu yaglarinda camphor, 1,8-cineole ve (-)-
borneol bilesenlerinin ve gicek ugucu yaginda ise
linalool, linalyl acetate ve camphor bilesenlerinin
makro bilesenler olarak 6ne ¢iktigi séylenebilir.
Cicek
lavandin ucucu yagininda ana bilesenin linalool

ucucu vagina iliskin  bulgularimiz,
oldugunu bildiren arastiricilarin (Boeckelmann,
2008; Baydar ve Kineci, 2009; Karapandzova ve
ark., 2012; Kara ve Baydar, 2013; Karik ve ark.,
2017) bulgulariyla uyumlu iken, ana bilesenin
bildiren

(2013)’'nin bulgulariyla celismektedir. Bu durum

camphor oldugunu Jianu ve ark.

ekolojik ve genotipik farkliktan kaynaklanabilir.

Nitekim ucucu vyag bilesenlerinin cesitlere,
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kurutma vyapihp vyapilmadigina ve distilasyon
suresine gore degisebilecegi
tarafindan vurgulanmistir.

bazi arastiricilar

Buna gore, linalool
oraninin %37.43-53.29, linalyl acetate oraninin
%1.55-29.23 ve camphor oraninin %3.18-11.54
arasinda, cesitlere gore degistigini bildiren Karik
ve ark. (2017)'nin bulgulariyla linalool orani harig
uyumlu, linalol orani degerlerimizin ise dlsuk
(2013)
lavandin cesitlerine gore kuru cicek ucucu yaginda
%34.8-43.3,

oraninin %3.8-42.5 ve camphor oraninin %5.3-

oldugu gorilmdistir. Kara ve Baydar

linalool oraninin linalyl acetate
12.5 arasinda degistigini, Karapandzova ve ark.
(2012)

distilasyon

lavandin  ¢igceklerinde kurutma ve
siresinin  ugucu vyag bilesenlerini
etkiledigini ve kurutmaya bagh olarak ucgucu
%35.23-38.58,
acetate oraninin %1.26-1.86 ve camphor oraninin
%5.96-6.84 arasinda degistigini
Yaprak yag

bulgularimiz, yaprakta anabilesenin 1,8-cineole

yagda linalool oraninin linalyl

bildirmislerdir.

ugucu bilesenlerine iligskin

oldugunu ve bunu camphor ve borneoliin
izledigini bildiren Ozel (2019)'un bulgulariyla
uyumludur.

Hasat edilen lavandin herbasi sap, yaprak,
cicek ekseni ve ciceklerden olusmaktadir. Herbayi
olusturan bu organlarin her biri farkli ugucu yag
dagilimi géstermistir. Ana sapta ve yaprakta 1,8-
cineole, cicek ekseninde camphor ve cicekte
linalool ana bilesen olarak saptanmistir.
Bulgularimiz, farkh lavanta tlrlerinde organlara
gore ugucu yag bilesenlerinin farklilik gosterdigini
bildiren bazi arastiricilarin (Angioni ve ark., 2006;
Munoz-Bertomeu ve ark., 2007; Tzakou ve ark.,
2009; Kaya ve ark., 2012; Goncalves ve Romano,

2013) bulgulariyla uyumlu bulunmustur.

Bilesenlerin kimyasal grup dagilimi
Lavandula intermedia’nin organlarina goére

ucucu yag bilesenleri kimyasal grup dagilim
oranlarina iliskin ortalama degerler Cizelge 3'te

verilmistir.
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Cizelge 3. Lavandula intermedia’nin organlarina gore ugucu yag bilesenleri kimyasal grup dagilim oranlarina iliskin ortalama

degerler
Table 3. Average values of chemical group distribution ratios of essential oil components by organs of Lavandula intermedia
. Sap / Stem .
'g;g;?ca; /Gt:;zlasr Ana sap Cicek ekseni Yi:;;k Fil)f;:r OrtalamaAverage
group Main Stem Flower Axis

Monoterpenes 90.15 78.76 80.94 59.82 74.31
Monoterpene Hydrocarbons 1.20 1.66 3.71 7.06 4.27
Oxygenated Monoterpenes 88.95 77.10 77.23 52.76 70.04

. 1.79 6.07 8.07 6.71 5.49
Sesquiterpenes
Sesquiterpene Hydrocarbons 0.62 2.26 2.16 3.27 2.08
Oxygenated Sesquiterpenes 1.17 3.81 5.91 3.44 341
Others 6.35 13.49 8.17 31.95 18.50
Toplam / Total 98.29 98.32 97.18 98.48 98.30

Organlara gore kimyasal grup dagilimlarinda
blaylik farklihklar Cizelge 3'te
gore kimyasal grup
%59.82-90.15
arasinda degistigi ve oksijenli monoterpenlerin

belirlenmistir.
organlara bilesenlerin

dagilimlarindan monoterpenlerin

(%52.76-88.95) o©ne ¢iktigl, sesquiterpenlerin
%1.79-8.07 arasinda degistigi ve oksijenli
sesquiterpenlerin  (%1.17-5.91) 6ne  ¢iktig

gorilmektedir. Kimyasal gruplara gore organlarda
ki ugucu yag bilsenleri inceldiginde, sapta oksijenli
1,8-cineole,

monoterpenlerden siraslyla

champhor ve borneoliin; hidrokarbonlu
monoterpenlerden sirasiyla cis-ocimene, B-pinene
ve camphenenin; oksijenli sesquiterpenlerden
sirastyla a-muorolol, caryophyllene oxide ve a-
hidrokarbonlu sesquiterpenlerden
B

gamma-cadinenin yer aldig1 belirlenmistir. Cicek

bisabololiin;

siraslyla a-bergamotene, germacrene ve

ekseninde, oksijenli monoterpenlerden sirasiyla

borneol linalool;

p_
oksijenli

champhor, 1,8-cineole, ve

hidrokarbonlu monoterpenlerden sirasiyla

cymene, camphene ve cis-ocimene;

sesquiterpenlerden sirasiyla, a-bisabolol,
caryophyllene oxide ve a-muurolol; hidrokarbonlu
sesquiterpenlerden

sirasiyla caryophyllene,

germacrene B ve pB-fernesene yer almistir.
Yapraklarda, oksijenli monoterpenler 1,8-cineole,
linalool; hidrokarbonlu

champhor ve

monoterpenler p-cymene, camphene ve pB-
pinene; oksijenli sesquiterpenler caryophyllene
oxide, a-muurolol ve a-bisabolol; hidrokarbonlu
sesquiterpenler caryophyllene, gamma-cadinene

ve B-fernesene olarak siralanmistir. Ciceklerde,
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oksijenli monoterpenlerde linalool, champhor, 1,8-

cineole ve o-terpineol; hidrokarbonlu

monoterpenlerde  ocimene, p-cymene, cis
ocimene ve myrcene; oksijenli sesquiterpenlerde
a-bisabolol, caryophyllene oxide ve a-muurolol;
hidrokarbonlu sesquiterpenlerde caryophyllene, B-

fernesene ve gamma-cadinene 6ne gikmistir.

Sonug

Genel olarak, ugucu yag orani ve ucucu yag
bilesenleri dagiminin herbayi olusturan organlara
gore blytk farkliiklar gosterdigi belirlenmistir.
Ugucu yag ana bilesenlerini sapta ve yaprakta 1,8-
cineole, cicek ekseninde camphor ve cicekte
linalool olusturmaktadir. Lavandin ugucu yaginin
monoterpenlerin

da

monoterpenlerin 6ne ¢iktigl séylenebilir. Sap, cicek

blyuk ¢cogunlugunu

olustuturdugu ve  bunlarda oksijenli
ekseni ve vyapraklar 1,8-cineole ve camphorca
zengin ugucu yaglar, cicekler ise linalool ve linalyl
acetatce zengin ucucu yag liretiminde kullanilabilir.
Ayrica, herbada sap ve yaprak oranin artmasi,
herba ucucu yaginda camphor ve 1,8-cineole

oranlarinin yiikselmesine sebep olacaktir.

Cikar Catismasi Beyani: Makale yazarlari aralarinda
herhangi bir cikar catismasi olmadigini beyan

ederler.

Yazar Katkisi: AO calismayi tasarlayarak denemeyi
kurmus, calismayi yuritmds, verileri analiz etmis
ve makaleyi yazmistir.
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ABSTRACT

In this study, we aimed to determine the nematode diversity in soils from olive orchards in
izmir, Manisa, Canakkale, and Balikesir provinces. For this purpose, a survey was carried out in
2021-2022; in each orchard, soil samples were collected from 0-60 cm depth, and nematodes
were extracted from collected soils by the modified Baermann Funnel method. Thirty-seven
genera of nematodes (Achromodora, Acrobeles, Acrobeloides, Alaimus, Aphelenchus,
Aphelenchoides, Boleodorus, Cephalobus, Clarkus, Coslenchus, Ditylenchus, Dorylaimus,
Eucephalobus, Filenchus, Geocenamus, Hemicriconemoides, Helicotylenchus, Labronema,
Lelenchus, Longidorus, Mesocriconema, Mesodorylaimus, Mesorhabditis, Monhystera,
Panagrolaimus, Paratylenchus, Pratylenchus, Pratylenchoides, Psilenchus, Rhabdlitis,
Rotylenchulus, Rotylenchus, Saurtylenchus, Tripyla, Tylenchorhynchus, Tylenchus, Xiphinema)
from 21 families were identified in olive-growing areas. According to feeding habitats,
nematodes were classified as plant parasitic (19 genera and one plant-parasitic species from
fungivore Ditylenchus genera), bacterivores (11 genera), fungivores (3 genera), omnivores (2
genera), and predators (2 genera). Plant-parasitic 27 nematode species (izmir: 19; Manisa: 16;
Balikesir 15; Canakkale: 11) were found in soils. The virus vector Longidorus elongatus was
among the identified important species. The prevalent plant-parasitic species were
Geocenamus brevidens (32%), Filenchus thornei (23%), Helicotylenchus digonicus (29%), while
the free-living nematodes were Acrobeloides spp. (100%), Aphelenchus sp. (95.3 %),
Cephalobus spp. (97%), and Mesodorylaimus (91.2%). Within bacterivore nematodes, at least
one species from the Cephalobidae family was determined in all soil samples.

Key Words: Nematode fauna, Olive, Tiirkiye
0z

Bu calismada izmir, Manisa, Canakkale ve Balikesir illerinde zeytin bahcelerindeki topraklarda
nematod cesitliliginin belirlenmesi amaglanmistir. Bu amagla 2021-2022 yillari arasinda siirvey
yapiimis, her bahgcede 0-60 cm derinlikten toprak o6rnegi alinmis ve alinan toprak
orneklerinden nematodlar modifiye Baermann Funnel metoduyla izole edilmistir. Zeytin
alanlarinda 37 cinse (Achromodora, Acrobeles, Acrobeloides, Alaimus, Aphelenchus,
Aphelenchoides, Boleodorus, Cephalobus, Clarkus, Coslenchus, Ditylenchus, Dorylaimus,
Eucephalobus, Filenchus, Geocenamus, Hemicriconemoides, Helicotylenchus, Labronema,
Lelenchus, Longidorus, Mesocriconema, Mesodorylaimus, Mesorhabditis, Monhystera,
Panagrolaimus, Paratylenchus, Pratylenchus, Pratylenchoides, Psilenchus, Rhabditis,
Rotylenchulus, Rotylenchus, Saurtylenchus, Tripyla, Tylenchorhynchus, Tylenchus, Xiphinema)
ait nematod tirleri teshis edilmistir. Nematodlar beslenme sekillerine gore bitki paraziti (19
cins ve fungivor Ditylenchus cinsinden bitki paraziti 1 tiir), bakterivor (11 cins), fungivor (3
cins), omnivor (2 cins) ve predator (2 cins) olarak siniflandirilmistir. Topraklarda 27 bitki
paraziti nematod tiirii (izmir: 19; Manisa: 16; Balikesir 15; Canakkale: 11) saptanmistir. Viriis
vektorl Longidorus elongatus teshis edilen onemli tirler arasinda yer almistir. Yaygin bitki
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paraziti turler, Geocenamus brevidens (32%), Filenchus thornie (23%) ve Helicotylenchus digonicus (29%) olurken serbest
yasayan nematodlarda ise Acrobeloides spp. (100%), Aphelenchus sp. (95.3 %), Cephalobus (97%) ve Mesodorylaimus spp.
(91.2%) olarak belirlenmistir. Bakterivor nematodlardan Cephalobidae familyasindan en az 1 tir tim toprak érneklerinde

saptanmistir.

Anahtar Kelimeler: Nematod faunasi, Zeytin, Turkiye

Introduction

Oleaceae is one of the most prominent families
of plants growing on earth, with 600 trees and
shrubs in 30 genera. The family contains an
economically important genus Olea, and Olea
europaea L. is the only species consumed as food
(Hashmi et al., 2015). The fruit of this tree, called
the olive, first domesticated in the Middle East
hundreds of years ago, is either consumed fresh
as food or used to produce olive oil (Breton et al.,
2009). Olive fruit and leaves are also used in the
medicine, cosmetics, and cleaning products
industries. This fruit is rich in phenolic acids,
phenolic alcohols, and flavonoids and nowadays
the

antioxidant content and health benefits. The olive

mostly consumed because of higher
oil produced by pressing berries is a primary food
in people's daily consumption.

Olive

Mediterranean countries, and about 95% of the

is mainly grown by farmers in
olive groves in the world are located in the
Mediterranean basin. From these countries,
Spain, Morocco, Italy, Greece, and the United
States total

production (Mushtaq et al., 2020). Tirkiye ranks

come to the fore regarding
fourth among olive producers and ranks sixth in
the point of area (in hectares) worldwide. Tiirkiye
contributes almost eight percent of the world's
olive production, according to Fao (2019). Except
for Eastern Anatolia and Central Anatolia regions,
olive cultivation is carried out in 36 provinces, and
the total production area constitutes 2% of the
country's agricultural area. About 76% of the
production in the country is done in the Aegean,
14% in the Mediterranean, 5.7% in Marmara, 4%
in Southeast Anatolia, and 0.3% in the Black Sea
regions (Efe et al., 2013).

The soil fauna contains dozens of different
organisms like insects, tardigrades, and fungi, and

nematodes from Phylum Nematoda occupy a
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The identified 25.000
nematodes belonged to 2.271 genera and 256

significant  portion.
families. The unnamed species are estimated as
hundreds, and approximately 365 are identified
2000; Hodda,
2011). These organisms have different feeding

and named vyearly (Anderson,

habitats and are divided into five trophic groups:
omnivores, predators, fungivores, bacterivores,
and plant-parasitic herbivores (Kennedy and Luna,
2005).

Soil microfauna of olive orchards includes a
wide variety of nematodes, and one can be found
in any soil anywhere in the world (Kennedy and
2005). These be
nonparasitic free living. Of these, some plant-

Luna, can parasitic or
parasitic species cause root damage and prevent
plants from taking up water and nutrients from
the soil, while some species play a role in the
transmission of virus diseases. For this reason,
some are included in the nursery certification
system and on the quarantine lists. The initial
impact of these pests may not be severe at first,
but feeding for several years can cause significant
plant damage and vyield loss (De Klerk and
Loubser, 1988). Additionally, root wound areas
may be an entrance pathway for various fungal
and bacterial plant pathogens. For instance,
Verticillium dahliae, a severe disease of olive
whose prevalence is 55% in the Aegean region,
causes more severe epidemics with the presence
of nematodes such as Pratylenchus vulnus and
Meloidogyne spp. (Yolageldi, 2002). Again, diseases
like bacterial cancer can remain pathogenic in the
soil for about 15 years and may enter healthy
trees through wounds in plant roots that emerge
after nematode feeding (Gardan et al., 1992).

In contrast, free-living nematodes constitute
52% of all nematodes on the earth and likewise
occupy a more prominent place in olive orchards
the

bacterivorous nematodes play an essential role in

in point of population. Free-living
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the mineral cycle and can feed on many bacterial
species, including plant pathogens. Fungivorous
nematodes can also feed on many fungal plant
pathogens, such as Fusarium sp. and Botrytis sp.,
while predators can suppress pests' populations
by feeding (Taher et al., 2017).

The distribution, survival, abundance, and
reproduction of nematodes highly depend on the
climate and local factors. The area infested by
nematodes is regularly increasing by tillage, wind,
flooding, soil, and infected rootstock cultivation.
Despite the increase in prevalence, many species
remain undiagnosed. Across the world, 153 plant-
parasitic species belonging to 56 genera from
orders species),

Aphelenchida (4 genera/3

Dorylaimida (5 genera/36 species), and
Tylenchida (48 genera/114 species) co-infest olive
production areas. Four

genera, including

Mesocriconema, Helicotylenchus, Meloidogyne,
Xiphinema, and Pratylenchus, were reported as
most harmful because of causing moderate to
high damage depending on population density,
host susceptibility, and environmental conditions
(Ali et al., 2014).

Studies

structure in olive-growing areas are limited.

on nematodes and their trophic

Although there is data on some plant parasitic
species, the free-living non-parasitic species are
not well known. There needs to be more

information on the status of nematode
biodiversity in the western provinces of Turkiye.
Therefore,

determining the nematode diversity of olive

a two-year research focused on

orchards was conducted in Canakkale, Manisa,
Balikesir, and izmir provinces. The community
structure (trophic groups of nematodes, diversity
of free-living species, abundance) of surveyed
olive plantations has been discussed.

Material and Method

A survey in olive orchards and soil sampling

The study was carried out between 2021
(October) and 2022 (October) in olive orchards in
the four biggest olive-producer provinces in
Marmara (Balikesir and Canakkale provinces)
Region and Aegean Region (Manisa and izmir
provinces). These provinces are located in the
western part of the country, and their olive grove
acreage (Balikesir: 83.612 ha; izmir: 112.752 ha;
Canakkale: 32.645 ha; 93.677 ha)
constitutes 36.2% of the total area of Turkiye.

izmir:

During the survey period, the air temperature in
four provinces was 19-24 degrees, and the
precipitation was 35-70 mm. Randomly selected
77 orchards were sampled. Gemlik, Domat, and
Ayvalik olive varieties were primarily grown in
surveyed areas.

Table 1. Olive orchard area details of izmir, Manisa, Balikesir, and Canakkale provinces

Olive orchard Locations Total production area (ha) Samples per location Total samples
Kemalpasa 5.896 4
izmir Bayindir 16.427 4 1s
Torbah 7.025 3
Odemis 6.026 4
Soma 71.480 6
Akhisar 45.100 5
Manisa Sehzadeler 2.570 3 26
Kirkagac 12.200 6
Saruhanh 10.500 6
Ayvacik 17.150 3
Canakkale Bayramig 4.056 2
Bozcaada 179 3 15
Merkez 1.861 3
Ezine 11.798 4
Burhaniye 18.196 5
Ayvalik 17.300 5 21
Balikesir Gomeg 11.550 3
Havran 8.012 3
Edremit 20.128 5

177
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The soils were taken from the rhizosphere
canopy of trees at a soil depth of 0-60 cm, and in
each orchard, 1 kg of soil was arranged by mixing
At
collected from different points in each orchard by

subsamples. least six subsamples were
moving in a zigzag pattern. A total of 77 soil
samples were taken from the survey area. The soil
in polyethylene bags,

labelled, and stored in suitable conditions to

samples were placed
prevent moisture loss.

Nematode recovery and identification
Approximately 100 cm3 of soil was used from
each sample to extract nematodes with the
In this
method, soil samples were placed on sieves with

modified Baermann Funnel method.
a single layer of filter paper. Sieves were placed in
trays, water was added until soils were wet, and
nematodes were allowed to submerge within 24
hours. The suspension was poured onto the 400
mesh sieve in the final step, and nematodes were
collected. The counting of nematodes was made
from 1 ml of the extracted suspension at 20X
magnification under the microscope.

All of the plant parasitic nematodes were
named based on species, and the free-living
species, except for the families Anguinidae,
Aphelenchida,
defined based on a genus. Nematodes were

and Aphelenchoididae, were
identified by examining individuals' morphological
the
microscope. Published identification keys and

and morphometric features under

descriptions were used in order to determine

genera and species. In order to prepare

nematode slides, heat-killed females were fixed in
TAF (7 ml 40%
triethanolamine + 91 ml), Seinhorst 1 (1 part

+ 2 ml

formaldehyde
glycerin + 79 parts distilled water), Seinhorst Il (5
parts glycerin + 95 parts ethanol) solutions.
Processed nematodes were fixed on a glycerin-
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dropped wax ring placed on the center of the
slide. (Seinhorst, 1959).

Extracted nematodes were classified based on
Siddigi (2000). Additionally, the species' feeding
habitat, feeding source, and colonizer-persister
values were determined (Bongers 1990; Yeates et
al. 1993). The absolute frequency of species was
calculated with the formula: Number of soil
samples containing species/Total number of soil

samplesx100 (Norton 1978).
Results and Discussion
Community structure of nematodes in olive
orchards

Nematode species in olive orchards in survey
areas were classified into five trophic groups, and
the biodiversity compromised 37 genera of
nematodes (fungivores, bacterivores, omnivores,
predators, and plant-parasitic) from 22 families
and eight orders. They were divided into two
groups free-living  (bacterivore, fungivore,
omnivore and predator) and plant parasites.

Plant-parasitic and bacterial feeders displayed
higher abundance in sampled orchards, followed
by omnivores, fungal feeders, and predators
(Figure 1). At least one bacterivore species was
present in all collected samples. The bacterivore,
fungivore, omnivore, predator, and plant-
parasitics constitute 11, 3, 2, 2, and 20 genera
(including one species from Ditylenchus),
respectively. The leading nematodes in izmir,
Manisa, Balikesir, and Canakkale were plant-
parasitic, followed by bacterivore and fungivore
species. They constituted nearly half of all
collected species. As seen in Figure 1, the ratio of
plant-parasitic species among all nematodes in all
the orchards was around 50%. The least abundant
with one or

were predators, two species

recovered from soils.
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Figure 1. The % proportion of nematode genera detected in izmir, Manisa, Canakkale, and Balikesir

provinces by trophic groups.

Free-living nematodes in olive orchards

In  this nematodes
belonging to 18 genera, 12 families, and 8 orders
were extracted from soils collected from olive
orchards. The identified free-living omnivore,
fungivore, bacterivore, and predator nematodes
belonged to Dorylaimida,
Rhabditida, Aphelenchida, Mononchida,
Monhysterida, and Triplonchida orders (Table 2).

research, free-living

Chromadorida,

iZMiR

MANiSA

The predominant orders were Tylenchida,
Aphelenchida, and Rhabditida. Acrobeloides spp.
was the most common genus occurring in 100%
of studied orchards. In addition, free-living
nematodes were classified into 1, 2, 3, and 4
groups according to their corresponding c-p
(colonizer-permanent) values. While species in
the c-p2 class were dominant in all provinces, no

species from c-p5 were found. (Figure 2).

McplEcp2mlcp3mcpd

BALIKESIR CANAKKALE

Figure 2. % Proportion of free-living nematodes in terms of colonizer-persister values
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Table 2. Omnivore, fungivore, bacterivore, and predator nematodes genea and species identified in olive orchards in Western Tirkiye

Functional

Absolute frequency in

Families Order guild/c-p all samples (%) | M B (o
Alaimus De Man, 1880 Alaimidae Dorylaimida ba2 11.6 + - - +
Achromadora Cobb, 1913 Achromadoridae Chromadorida ba3 4.6 - - + -
Acrobeloides Cobb, 1924 Cephalobidae Rhabditida ba2 100 + + + +
Acrobeles von Linstow, 1877 Cephalobidae Rhabditida ba2 81.8 + + + +
Aphelenchus avenae Bastian, 1865 Aphelenchidae Aphelenchida fu2 95.3 + + + +
Aphelenchoides sacchari Fischer, 1894 Aphelenchoididae Aphelenchida fu2 13.4 + - - -
Aphelenchoides obtusus Thorne and Malek, 1968 Aphelenchoididae Aphelenchida fu2 3.5 - - + -
Aphelenchoides clarus Thorne and Malek, 1968 Aphelenchoididae Aphelenchida fu2 2.9 + - - -
Cephalobus Bastian, 1865 Cephalobidae Rhabditida ba2 97 + + + +
Clarkus Jairajpuri, 1970 Mononchidae Mononchida pra 13.4 + + + +
Dorylaimus Dujardin, 1845 Dorylaimidae Dorylaimida om4 10.5 + + + +
Ditylenchus myceliophagus Goodey, 1958 Anguinidae Tylenchida fu2 45 - + + +
Ditylenchus parvus Zell, 1988 Anguinidae Tylenchida fu2 2.3 - + + -
Eucephalobus Steiner, 1936 Cephalobidae Rhabditida ba2 28.6 + - - -
Labronema Thorne, 1939 Dorylaimidae Dorylaimida pra 0.6 - - + -
Mesorhabditis Osche, 1952 Rhabditidae Rhabditida bal 12.2 + + + +
Mesodorylaimus Andrassy 1959 Dorylaimidae Dorylaimida om4 91.2 + + + +
Monhystera Bastian, 1865 Monhysteridae Monhysterida ba2 7.6 + + + -
Panagrolaimus Fuchs, 1930 Panagrolaimidae Rhabditida bal 5.2 + - - -
Rhabditis Dujardin, 1845 Rhabditidae Rhabditida bal 61.9 + + + +
Tripyla Bastian, 1865 Tripylidae Triplonchida ba3 16.3 + + + +

ba: bacterivore fu: fungivore om: omnivore pr: predator i: izmir M: Manisa B: Balikesir C: Canakkale
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When the number of free-living individuals in

determined as more abundant (Table 3). The

100 cm?® soil was counted, Acrobeloides, abundance of all genera was under 25
Cephalobus, and Mesodorylaimus genera were individuals/100 cm? soil.

Table 3. The mean abundance of free-living nematodes in 100 cm? soil

Species/genera iZMiR MANISA BALIKESIR CANAKKALE

Alaimus De Man, 1880 1.7+0.7 0 0 21+0.8
Achromadora Cobb, 1913 0 0 3.3+0.9 0
Acrobeles von Linstow, 1877 3.3+1.8 5.2+1.7 2+0.8 4,942.2
Acrobeloides Cobb, 1924 18.2+4.7 15.4+3.3 8.7+1.8 2+0.6
Aphelenchus avenae Bastian, 1865 10.1+2 7.8+1.7 7+1.6 4+0.8
Aphelenchoides sacchari Fischer, 1894 6.5+1.7 0 0 0
Aphelenchoides obtusus Thorne and Malek, 1968 0 0 3.3+0.47 0
Aphelenchoides clarus Thorne and Malek, 1968 3.840.7 0 0 0
Cephalobus Bastian, 1865 18+3.1 2412 11.8+1.6 14.3+1.1
Clarkus Jairajpuri, 1970 3.210.4 4.2+0.8 4.6+0.5 4+0.9
Dorylaimus Dujardin, 1845 9.6+0.9 5.1+0.6 4.7+0.7 3.840.6
Ditylenchus myceliophagus Goodey, 1958 0 13.1+1.3 7.5+0.9 5.2+1
Ditylenchus parvus Zell, 1988 0 4.1+0.7 3.7¢0.4 0
Eucephalobus Steiner, 1936 4.2+0.7 0 0 0
Labronema Thorne, 1939 0 0 2 0
Mesorhabditis Osche, 1952 4.8+1.2 5.3#1.1 8.8%1.6 6.8%11.1
Mesodorylaimus Andrassy 1959 20.31£2.8 14.6£2.8 10.3t1.6 11+1.7
Monhystera Bastian, 1865 3.7t0.4 3+0.8 3.310.7 0
Panagrolaimus Fuchs, 1930 3.740.9 0 0 0
Rhabditis Dujardin, 1845 7.4+1.5 5.2+0.6 4.210.6 4.7+1.1
Tripyla Bastian, 1865 4+0.8 3.410.9 5.1+1.4 3.610.5

Plant parasitic nematodes in olive orchards

Twenty-seven plant-parasitic species were
recovered in the survey areas. Of these, 73 % (19
species) were found in izmir, 61.5% (16 species) in
Manisa, 57.7% (15 species) in Balikesir, and 42.3
% (11 species) in Canakkale. The identified species
belonged to nine families (Boleodorinae,
Belonolaimidae, Criconematidae, Hoplolaimidae,
Longidoridae, Paratylenchidae, Pratylenchidae,
Telotylenchidae, and Tylenchidae) and two orders
(Tylenchida and Dorylaimida). The majority (25
the

species), Filenchus (4

species) were from Tylenchida
order. Pratylenchus (2
species), and Helicotylenchus (4 species) genera
came to the fore in terms of the number of
species present in the areas we surveyed. On the

contrary, in a previous study in Tirkiye, 19

Tylenchid species were identified in the Central,

Mediterranean, and Black Sea

(Cilbirlioglu, 2007).
The nematodes were divided into a migratory

Regions

ectoparasite, endoparasite, and microherbivores
according to their feeding strategies. Ectoparasitic
nematodes were prominent, microherbivorous
nematodes were present except Canakkale, while
semi-endoparasites were found only in izmir,
Balikesir, and Canakkale. (Figure 3).

Furthermore, nematodes in orchards were
species from 2, 3, and 5 colonizer-persister
groups. The ratios of c-p2, c-p3, and c-p5 groups
in all detected nematode species were 40.7%,
51.8%, and 7.4%, respectively. Nematodes from c-
p 5 were found in izmir but not in Manisa,

Canakkale and Balikesir (Figure 4).
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Figure 3. % Proportion of plant-parasitic nematode species classified based on feeding style
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Figure 4. % Proportion of plant-parasitic nematodes in terms of colonizer-persist

Lelenchus leplosoma, Psilenchus hilarulus) were
root-fungal feeders in terms of feeding habitat
and the rest were plant feeders. The classification
of identified species is given in Table 4.

However, in this study, some of the detected
nematode  species (Boleodorus thylactus,
Coslenchus turkeyensis, Filenchus sheri, F. clarus,
F. filiformis, F. cylindricus, Tylenchus davainei,
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Table 4. Plant-parasitic nematodes species identified in olive orchards in Western Tirkiye

Absolute frequency

Species Families Order c-p Feeding Strategy in all samples (%) i | m| B | ¢
Coslenchus turkeyensis Siddiqi, 1981 Tylenchidae Tylenchida 2 Microherbivorous 6.5 + - - -
Boleodorus thylactus Thorne, 1941 Boleodorinae Tylenchida 2 Migratory ectoparasite 18.2 + + + +
Ditylenchus dipsaci Kiihn,1857 Anguinidae Tylenchida 2 Migratory endoparasite 10.4 + - - -
Filenchus thornei (Andrassy, 1954) Andrassy, 1963 Tylenchidae Tylenchida 2 Migratory ectoparasite 23 +
Filenchus sheri (Khan and Khan, 1978) Siddiqi, 1986 Tylenchidae Tylenchida 2 Migratory ectoparasite 14.3 +
Filenchus cylindricus (Thorne and Malek) Niblack and. . . . .

Tylenchidae Tylenchida 2 Migratory ectoparasite 9 + + - +

Bernard
Filenchus filiformis Ebsary, 1991 Tylenchidae Tylenchida 2 Migratory ectoparasite 9 - -
Geocenamus brevidens (Allen, 1955) Siddiqi, 1970 Telotylenchidae Tylenchida 3 Migratory ectoparasite 32 + +
Helicotylenchus digonicus Perry in Perry, Darling & Thorne, L . . .
1959 Hoplolaimidae Tylenchida 3 Migratory ectoparasite 29 + + + +
Helicotylenchus dihystera (Cobb, 1893), Sher, 1961 Hoplolaimidae Tylenchida 3 Migratory ectoparasite 14.3 - - -
Helicotylenchus varicaudatus Yuen, 1964 Hoplolaimidae Tylenchida 3 Migratory ectoparasite 7.8 - + -
Helicotylenchus tunisiensis Siddiqi, 1963 Hoplolaimidae Tylenchida 3 Migratory ectoparasite 104 - - + -
Hemicriconemoides gaddi (Loos, 1949) Chitwood & Criconematidae Tylenchida 3 Migratory ectoparasite 3.9 + + - -
Birchfield, 1957
Lelenchus leprosoma de Man, 1880 Tylenchidae Tylenchida 2 Migratory ectoparasite 1.3 - - -
Longidorus elongatus (de Man, 1876) Micoletzky, 1922 Longidoridae Dorylaimida 5 Migratory ectoparasite 13 - - -
Mesocriconema xenoplax Raski, 1922, Loof and De Grisse, Criconematidae Tylenchida 3 Migratory ectoparasite 7.8 - + -
1989
Paratylenchus nawadus Khan, Prasad & Mathur, 1967 Paratylenchidae Tylenchida 2 Migratory ectoparasite 3.9 + - -
Pratylenchoides alkani Yiksel, 1977 Pratylenchidae Tylenchida 3 Migratory endoparasite 14.2 + + +
Pratylenchus neglectus Filipjev & Stekhoven, 1941 Pratylenchidae Tylenchida 3 Migratory endoparasite 13 + + + -
Pratylenchus thornei Sher & Allen, 1953 Pratylenchidae Tylenchida 3 Migratory endoparasite 10.4 - + + -
Psilenchus hilarulus deMan, 1921 Tylenchidae Tylenchida 2 Microherbivorous 6.5 + + + -
Rotylenchus cypriensis Antoniou, 1980 Hoplolaimidae Tylenchida 3 Migratory ectoparasite 7.8 - - - +
Rotylenchulus macrosoma Dasgupta et al., 1968 Hoplolaimidae Tylenchida 3 Semi-endoparasite 233 + - + +
Sauertylenchus maximus Allen, 1955 Telotylenchidae Tylenchida 3 Migratory ectoparasite 1.9 + - - -
Tylenchorhynchus cylindricus Cobb,1913 Belanolaimidae Tylenchida 3 Migratory ectoparasite 16.8 + + - +
Tylenchus davainei Bastian, 1865 Tylenchidae Tylenchida 2 Microherbivorous 5.2 - + + -
Xiphinema pachtaicum Tulaganov, 1938 Longidoridae Dorylaimida 5 Migratory ectoparasite 3.9 + - - -

i: izmir M: Manisa B: Balikesir C: Canakkale
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When the number of individuals per 100 cm3
this
below the economic

soil samples collected in survey was

examined, populations

Filenchus thornei, Rotylenchulus macrosoma, and
Helicotylenchus digonicus were the most common
species in survey areas. Lelenchus leplosoma and

damage threshold were observed in many species Longidorus elongatus, detected only in one
(Table 5). For prevalence Geocenamus brevidens, orchard, were the rarest.
Table 5. The mean abundance of plant-parasitic nematodes in 100 cm? soil

izmiR MANISA BALIKESIR CANAKKALE
Coslenchus turkeyensis 2.8+0.7 0 0 0
Boleodorus thylactus 7.7£2.3 6.5+1.7 7.1+1.8 5.5+1.4
Ditylenchus dipsaci 11.7£1.9 0 0 0
Filenchus sheri 4.2+1.2 4+0.7 5+1.3 4.8+1.2
Filenchus thornei 4.510.9 3.6+0.5 410.6 4.2+0.7
Filenchus cylindricus 3.51+0.5 310.7 0 2.810.4
Filenchus filiformis 0 3.310.4 3 0
Geocenamus brevidens 10.2+1.2 9.9+1.5 9.2+1.8 7.9+1.3
Helicotylenchus dihystera 5.411.6 4.2+0.9 0
Helicotylenchus digonicus 6.2+1.5 5.7+1.4 6+1.2 4.4+1
Helicotylenchus tunisiensis 0 0 6.810.8 0
Helicotylenchus varicaudatus 0 4 5.810.6 0
Hemicriconemoides gaddi 2 3 0 0
Lelenchus leplosoma 1.9 0 0 0
Longidorus elongatus 2 0 0 0
Mesocriconema xenoplax 0 0 5.8+1 0
Paratylenchus nawadus 0 0 0 3.5+0.5
Pratylenchus thornei 0 5.2#1.9 5+1.8 0
Pratylenchus neglectus 7.1+1.2 6.1+0.8 6+0.7 0
Pratylenchoides alkani 6.4+0.7 5.6+1.1 4.3+1.3 5+1.7
Pslilenchus hilarilus 3.3+1 3+0.7 4+1 0
Rotylenchulus macrosoma 7.4+0.5 0 7.1+0.8 6.6%0.9
Rotylenchus cypriensis 0 0 0 5+0.8
Sauertylenchus maximus 2 0 0 0
Tylenchus davainei 0 4+0.8 2.6£0.5 0
Tylenchorhynchus cylindricus 3+0.6 2.840.4 0 2.7+0.5
Xiphinema pachtaicum 2 0 0 0

In this study in izmir, Manisa, Canakkale, and
Balikesir, free-living Cephalobidae (Bacterivore),
Anguinidae (Fungivore/Plant-parasitic),
Aphelenchoididae (Fungivore), and Dorylaimidae
(Omnivore) families took the lead with the
number of species identified. Some of these
families have also been found in olive orchards in
the study by Cetintas (2017) in Kahramanmaras

province in Turkiye, and in the study area, the

prominent genera were Cephalobus,
Acrobeloides, and Aphelenchus .
The presence of nematodes from the

Anguinidae and Aphelenchoididae families has
also been reported in olive-growing areas in
several countries. From the Anguinidae family,
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Ditylenchus species have been found in Spain,
Jordan, and ltaly. Aphelenchus avenae from the
in

family Aphelenchidae has been reported

Greece, Iran, Spain, and Jordan, and
Aphelenchoides species from Apheleonchoididae
have been found in Egypt, Syria, Spain, Jordan,
and Italy (Ali et al., 2014). These species can feed
on fungi and have been assessed as effective
biological control agents for some plant
pathogens. For instance, Aphelenchus avenae and
Aphelenchoides sacchari can feed on fungal
hyphae of more than 54 fungal species, including
plant pathogenic Alternaria solani (Ellis et Martin)
Sorauer, Aspergillus niger van Tieghem, Botrytis

cinerea Pers, Fusarium graminearum Schwabe, F.
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oxysporum Schltdl, Gliocladium roseum Barnier,
Gongronella butleri (Lendner) Peyronel and dal
Vesco, and Verticillium dahliae Kleb (Taher et al.,
2017). Additionally, by feeding with fungi, some
affect the
proliferation of plant-parasitic and fungal feeder

fungivore nematodes indirectly
nematodes, such as Ditylenchus destructor (Jun
and Kim, 2004, Haraguchi and Yoshiga, 2020).
Ditylenchus dipsaci from the Anguinidae, only
found in olive growing areas in izmir, a species
reported from growing areas of 450 different
plants, has previously been found in olive areas,
but the host status is not known (Archidona-Yuste
et al., 2020)
Worldwide, 36 species belonging to five genera
in the order Dorylaimida and 48 genera and 114
species in the order Tylenchida were determined
(Ali et al, 2014). Within these orders, 27 species
were identified in four provinces during this study
in Turkiye. Two species belonged to Dorylaimida,
and others to Tylenchida. Within Tylenchida
to be
44.1%
feed on

Filenchus species were found most

common, occurring in of

orchards. Filenchus spp. can many

saprophytic  and plant-pathogenic  fungi,

including Rhizoctonia solani, Fusarium

oxysporum, and Pythium ultimum (Munawar et
al., 2022). Pratylenchus thornei, P. neglectus,
Rotylenchulus macrosoma, and Mesocriconema
xenoplax were other identified tylenchids in this
study that are considered economically damaging
pests of many crop plants. Pratylenchus species
feed on the cortical parenchyma in the roots of
olive trees and can cause necrosis in the cells and
a reduction in root growth (Castillo and Vovlas,
2007). Although Pratylenchus species have a high
distribution in olive fields, in studies, it has been
stated that some species should be considered
non-pathogenic since, in laboratory studies, it has
been determined that these species cannot
The
reproduction like one suggests that the olive is

reproduce well in olives. low rate of
not a good host (Castillo et al., 2010). Apart from
our study, Pratylenchus spp. has been reported in
Algeria, Greece, and several other countries, and

populations were lower (Hirschmann et al., 1966;
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Lamberti et al.,, 1975). Similar results were
obtained in our study, and the populations of
Pratylenchus thornei and Pratylenchus neglectus
were determined, between 3-8 in fields.

In our study, Rotylenchulus macrosoma, which
we extracted from soils in izmir, Manisa, and
Canakkale, was found to multiply 1.9-2.5 times
olive in a study conducted by Castillo et al. (2003)
and, as a result, was considered parasitic to olive
trees.

M. xenoplax causes damage, especially in
vineyard areas. The economic damage threshold
this 50

individuals/100 grams of soil, and nematodes at

of species was determined as
this density have been reported to cause a 10-
25% vyield reduction in the vine (McKenry, 1992).
In our study in olive fields, the population
threshold of this species remained below the
economic damage threshold (Castillo et al., 2003).

Twenty-five species from the Longidoridae
family of Dorylaimida order have been identified
worldwide (Ali et al, 2014). In our study, only
Xiphinema pachtaicum, and Longidorus elongatus
were present in izmir. L. elongatus causes damage
as a virus vector and can transmit peach rosette
mosaic virus (PRMV), raspberry ringspot virus
(RRV), ring virus (TBRV),

artichoke italian latent virus (AILV) to several host

tomato black and
plants. A single nematode individual can transmit
the virus to a healthy plant. (Brown et al., 1995).
These viruses affect the development of many
cultivated plants. Especially peach rosette mosaic
virus can cause a 50% yield loss in the grapevine
(EPPO, 2016). However, there is no literature
record of the presence of these viruses in the
olive host plants

Unlike this study, 19 Tylenchid species were
identified in the Central, Mediterranean, and

Black Sea Regions of Tirkiye. Species of
Tylenchorhynchus cylindricus, Rotylenchus
cypriensis,  Helicotylenchus tunisiensis, and

Hemicriconemoides gaddi, which we identified in
izmir, Manisa, and Canakkale, have been found in
Adana, Antalya, Mersin, and Zonguldak by
Cilbirlioglu (2007). On the other hand, in his PhD
thesis conducted in Sanliurfa province, Yildiz
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(2007) found
nematodes, nine genera of bacterivores, three

six genera of plant parasitic

genera of fungivores and one genus of omnivore
nematodes in olive growing areas whereas Yildiz
and Mamay, (2012) found seven genera of plant
parasitic nematodes in pomegranate orchrads in
the same area.

In this study, the nematode populations in soils
were not so high. The vast majority of olive
orchards that we surveyed have not been
irrigated. However, fertilizer applications have
also rarely been made, and the soils were poor
regarding nutrients. Nematode populations have
been reported to multiply in moist and fertilized-
rich soils. Especially bacterivore nematode
populations have been reported to be high in
organic fertilizer-applied areas (Renco and
Kovacik, 2012). The low number of nematodes in
our survey areas may be due to these unsuitable
Additionally,

nematodes that we identified in olive orchards

environmental conditions.
have different contributions to the soil food web
and soil structure. Their improving effects on soil
mineral content and soil permeability have been
revealed in several studies. Some play a
N by

decomposing organic substances. By feeding and

significant role in mineralization
excretion, nematodes promote soluble N at 27%.
Acrobeles and Rhabditis species, which we
detected in olive fields in four provinces, have
been reported to cause an increase in the amount
of nitrogen in the soil by decomposing different
organic materials (Schmidt et al., 2020; Khanum
et al., 2021). Thus, by knowing the nematode
community structure in soils, average soil
conditions and nutrient contests can be estimated

for olive orchards.
Conclusion

The study results indicate the distribution and
frequency of occurrence of the most common
nematode species in izmir, Manisa, Balikesir, and
Canakkale. During the study, free-living and plant-
several nematode were

parasitic species

identified in olive orchards. At least one free-
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living or plant-parasitic nematode was found in all
orchards. The species richness was higher in izmir
compared to other provinces. Free-living
nematodes belonging to 18 different genera were
identified, and generally, bacterivorous species
were found to be more abundant in 100 cm? soil.
On the contrary, 27 plant parasitic nematode
species were identified. Although the populations
of these species are less than ten individuals in
100 cm? soil, the abundance was slightly higher in
Ditylenchus dipsaci and Helicotylenchus digonicus.
Nematodes were very distributed in agricultural
areas. Care should be taken when moving soil or
rooted plants from these areas to newly planted
areas to prevent the spread of these harmful
organisms. Special care should be taken for virus
vector nematode species in infected areas to

avoid infecting viruses on healthy plants.
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Sari pas hastaligi (Etmen, Puccinia striiformis f. sp. tritici), epidemi sartlarinin olustugu
yetistiricilik sezonlarinda tim diinyada verim ve kalite kayiplarina neden olan 6nemli
fungal hastaliklar arasindadir. Bu arastirma, bazi ekmeklik ve makarnalik bugday
cesitlerinin farkh fenolojik dénemlerinde sari pas hastaligina yapay epidemi sartlarinda
farkli hastalik uygulama dozlarinda hastalik siddetinin degisiminin incelenmesi amaciyla
2018-2019 Uretim sezonunda yuritulmuistir. Calismada test materyalleri olarak sari pas
hastaligina farkl reaksiyonlari oldugu bilinen ekmeklik Bayraktar 2000, Demir 2000, Eser ve
Kenanbey ile Cesit-1252, Eminbey, Kiziltan 91 ve Mirzabey 2000 makarnalik cesitleri
kullanilmistir. Materyaller, Ekim ayi icerisinde 1 m. uzunlugundaki siralara 33-35 cm. sira
arasi mesafeye 3 tekerrirli olarak elle ekilmistir. Taze olarak toplanmis hastalik
tirediosporlari mineral yag (Soltrol 170°) icerisinde homojenize edilerek %0, %25, %50,
%100 hastallk uygulama dozlarinda materyale inokule edilmistir.  Hastalk
degerlendirmeleri Mayis (25)-Haziran (06, 15, 23) aylari icerinde Modifiye Edilmis Cobb
skalasi kullanilarak yapilmis ve enfeksiyon katsayilari hesaplanmistir. Calisma sonucunda
tiim fenolojik dénemler birlikte degerlendirildiginde; ekmeklik gesitlerden Eser, hastaliga
dayanikli reaksiyon belirlendigi, negatif kontrol grubu ile karsilastirildiginda Bayraktar
2000, Kenanbey, Demir 2000 cesitlerinin ise ilerleyen fenoloji ile birlikte hastalik siddetinde
onemli artislar belirlenmistir. Hastaliktan ciceklenme (Feekes 10.5.1) (25 Mayis 2019), dane
baglama (Feekes 10.5.3) (06 Haziran 2019) ve sit olum (Feekes 10.5.4) (15 Haziran 2019)
doneminde en fazla etkilenen gesidin Bayraktar 2000 olarak belirlenmis olup, bu gesidi
Demir 2000 cesidinin izledigi degerlendirilmistir. Makarnalik g¢esitlerin tiiminde de
ilerleyen fenoloji ile birlikte hastalik siddetinde 6nemli artislar belirlenmistir. Negatif
kontrol grubu ile karsilastirildiginda giceklenme baslangici olan donemde Eminbey ve
Mirzabey 2000 cesitlerinin, sararma (Feekes: 11.1) doneminde ise Kiziltan 91 ve Cesit-1252
cesitlerinin hastaliktan daha fazla etkilendigi belirlenmistir. Yapilan degerlendirmeler
sonucu ekmeklik ve makarnalik gesitler icin 6zellikle dane baglama donemindeki hastalik
siddeti artislarinin istatistiki olarak énemli oldugu saptanmistir. Elde edilen sonuglar, verim
tahmin c¢alismalarinda kullanilan modeller igin olasi Uriin kayiplarinin erken tahmin
edilmesi ve hasat oncesi referans bilgilerin edinilmesi amacina yonelik faydalar
saglayacaktir.

Anahtar Kelimeler: Bugday, Fenolojik dénem, Sari Pas (Puccinia striiformis f. sp. tritici),
Hastalik siddeti
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ABSTRACT

Yellow rust disease (caused, Puccinia striiformis f. sp. tritici) is among the important fungal diseases that cause significant
yield and quality losses all over the world during the growing seasons when epidemic conditions occur. This research was
carried out in the 2018-2019 production season in order to examine the change in the severity of yellow rust disease in
different phenological periods of some bread and durum wheat varieties under artificial epidemic conditions at different
disease application doses. In the study, Bayraktar 2000, Demir 2000, Eser and Kenanbey, and Cesit-1252 bread, Eminbey,
Kiziltan 91 and Mirzabey 2000 durum wheat varieties, which are known to have different reactions to yellow rust disease,
were used as test materials. Materials were sown manually with 3 replications in the spacing 1 m. between rows 33-35 cm in
long rows in October. Freshly collected disease urediospores were homogenized in mineral oil (Soltrol 170®) and inoculated
into the material at 0%, 25%, 50%, 100% disease application doses. Disease assessments were made between May (25) and
June (06, 15, 23) using the Modified Cobb scale and the infection coefficients were calculated. As a result of the study, when
all phenological periods are evaluated together; The bread variety Eser showed a disease resistant reaction, and when
compared with the negative control group, Bayraktar 2000, Kenanbey, Demir 2000 varieties showed significant increases in
the disease reaction with progressive phenology. Bayraktar 2000 variety was the most affected during the flowering (Feekes
10.5.1) (25 May 2019), grain binding (Feekes 10.5.3) (06 June 2019) and milking (Feekes 10.5.4) (15 June 2019) period from
the disease, it was evaluated that this variety was followed by the Demir 2000 cultivar. Significant increases in disease
severity were determined with progressive phenology in all of the durum wheat varieties. When compared with the negative
control group, it was determined that Eminbey and Mirzabey 2000 varieties were affected more by the disease at the
beginning of flowering period, and Kiziltan 91 and Cevsit-1252 varieties were more affected during the yellowing period
(Feekes: 11.1). As a result of the evaluations, the increase in disease severity, especially in the grain setting period, was found
to be statistically significant for bread and durum varieties. The results obtained will provide benefits for the models used in
yield estimation studies for early estimation of possible product losses and for obtaining reference information before
harvest.

Key Words: Wheat, Disease severity (%DS), Phenological period, Yellow rust (Puccinia striiformis f. sp. tritici)

GIRiS olabilmektedir.  Hastahigin  diinya  bugday
dretiminin  %88'ini tehdit ettigi bildirilmekle

Bugday (Triticum spp.) insan beslenmesi icin en  birlikte verim kayiplarinin kiresel diizeyde 5
¢ok kullanilan, karbonhidrat, protein, vitamin, milyon ton oldugu (Schwessinger, 2017),

mineral, lif kaynagi olan kiltur bitkileri arasindadir.
Genel anlamda bugday ekim alanlar ile birlikte
ilerleyen zamanla Uretim miktarinin  arttig
bilinmektedir. Birlesmis Milletler Tarim ve Gida
Orgiitii (FAO) verilerine gére, son 50 yillik Giretim
donemi incelendiginde diinya bugday uretiminin
yaklasik 2 kata yakin arttigi bildirilmektedir. Dinya
yillik toplam bugday lretim miktari 750 milyon
tonu gecmistir. Hindistan, Cin, Rusya, ABD ve
Avustralya baslica bugday ekilisinin ve Uretimin
yapildigr  Ulkeler arasindadir (FAO, 2022).
Turkiyede ise 2022 yili yillik bugday Uretimi 19.8
milyon ton olarak rapor edilmistir. (TUIK, 2022).
Diinyada bugday Uretilen ekolojilerde degisen
dizeylerde verim ve kalite kayiplarina sebep olan
bugday hastaliklarinin arasinda, fungal obligat
parazit olan Puccinia etmenlerinin neden oldugu
pas hastaliklari 6nemli yer tutmaktadir (Samborski,
1985 ; Roelfs, 1978). Pas hastalik etmenlerinden
olan Puccinia striiformis f. sp. tritici'nin (Pst) neden
(cizgili) pas
ekonomik

oldugu sari hastaligi  degisen

dizeylerde kayiplara neden

Tirkiye'de ise hastalik epidemileri nedeniyle 1992
Uretim yilinda %26,5 (568 milyon dolar), 2000
Uretim yilinda 53 milyon dolar ve 2010 Uretim
yiinda 10 milyon dolar civarinda kayiplarinin
olustugu tahmin edilmektedir (Solh ve ark. 2013).
Hastalik
mesafelere hizla yayilabilmekte (Hovmegller ve

rizgar ve insan faktorleriyle uzun
ark., 2008) ve hastaligin biyolojik sirecinde yeni
irklar (irklar/patotipler) olusturma kapasiteleri,
kiiresel diizeyde bugday Ulretimi icin potansiyel
tehdidi katlayarak arttirmaktadir (Kolmer 2005).
Hastaligin ilerleyen siirecte artmasini, konukgunun
hastaliga gosterdigi reaksiyon ve hastaligin ilk
gorildigli donemde bitkinin fenolojik evresi gibi
faktorler olusabilecek verim kayiplarini degisen
diizeylerde etkileyebilmektedir. Sari pas hastalig
nedeniyle olusan kayiplarda bitkinin fenolojik
dénemi ve epideminin siddeti olduk¢a 6nemlidir.
hastalik

kardeslenme ve

Ornegin epidemisi nedeniyle,

tohum baglama doénemleri
arasinda kayiplar %95, sapa kalkma doneminde

%70, dane baglama déneminde %50, ciceklenme
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doneminde %35, siit olum doneminde %20 ve
hamur olum dbneminde %10’a  ulastig
bildirilmistir (Chester, 1946). Verimdeki kayiplar
genellikle tanenin dolmamasindan kaynaklanir,
ancak sapa kalkma doneminden o6nce siddetli
epidemlerde kardes sayisi da azalabilir (Roelfs ve
ark., 1992).

Bugday (retimin surdiarilebilirligi ve gida
glivenligi yonlyle sari pas hastaliginin erken
doénemde Dbelirlenmesinin  ve miicadele igin

planlama yapilmasinin olusabilecek kayiplari en
disik seviyede tutacagi agiktir.

Bu calismada; farkh biyliime evrelerinde olan
ekmeklik gesitlerden Bayraktar 2000, Demir 2000,
Eser, Kenanbey, ve makarnalik cesitlerden Cesit-
1252, Eminbey, Kiziltan 91 ve Mirzabey 2000 ‘ e
sarl pas hastaliginin yapay olarak inokule edilen
farkh dozlari (%0 (negatif kontrol), %25, %50,
%100) uygulanmis olup, test materyalleri Gzerinde
hastalk
degerlendirilmis ve test materyallerinin hastalik
siddeti

olusan reaksiyonlarinin gelisimi

karsilastirilmistir.  Calisma sonucu elde

edilen sonuglar, verim tahmin c¢alismalarinda

kullanilan modeller igin (Bitki bliyime modelleri

DSSAT-AQUACROP)  drin  kayiplarinin  erken
donemde tahmin edilerek referans bilgiler
edinilmesi amacina yonelik olarak faydalar

saglayabilecektir.
Materyal ve Yontem

Materyal
Deneme Alaninin iklim ve Toprak Ozellikleri
Calisma Ankara ili Yenimahalle ilgesinde yerlesik
Tarla Bitkileri Merkez Arastirma Enstitlisi (TARM)
arastirma ve uygulama alanlarinda 2018-2019
Uretim sezonunda vyuratilmustir. Lokasyonun
Agustos 2018- Temmuz 2019 yilh aylik ortalama
(Anonim, 2019) C(Cizelge 1° de
verilmigtir. Calismanin yurituldigd donemde aylhk

iklim verileri

ortalama yagis 33.2 mm, ortalama sicaklik 12.08°C

Cizelge 1. Yenimahalle lokasyonu (Ankara) 2018-2019 dénemi aylik ortalama iklim verileri (Anonim, 2019)
Table 1. Monthly average climate data for Yenimahalle district (2018-2019) (Anonymous, 2019)

iklim verileri Aylar (2018 Yili)
Cimatic data Months
X1 IX X XI Xl

Ortalama sicaklik (°C)
Average temperature  25.0 20.0 1494 9.0 3.3
(°C)
En ylksek sicaklik (°C)
Highest temperature  32.0 33.2 21.65 235 126
(°C)
En dustk sicaklk (°C)
Lowest temperature 18.0 8.1 943 -2.3 -10.2
(°C)
Yagis (mm)

- 100 7.4 157 249 604
Rainfall (mm)
MERIE (E0) 370 46 6983 65 81

Relative humidity (%)
Rizgar hizi, m/s (2 m)
Wind speed m/s™ (2 m) 2.0 2.1 2.2 1.6 1.5

Bitki materyali

Arastirma sonuclarinin  anlasilabilir olmasi,
yorumlanabilmesi ve sonuglarinin dogrulugunun
Merkez

Arastirma Enstitist Muddrlaga tarafindan tescil

test edilmesi amaciyla Tarla Bitkileri

ettiriimis 4 ekmeklik (Eser, Kenanbey, Bayraktar
2000, Demir 2000) ve 4 makarnalk (Kiziltan 91,
Cesit-1252, Mirzabey 2000)

Eminbey, cesidi

olarak  Ol¢lilmustlir. Calismanin  yirGtaldGgi
arazinin  toprak tekstlird  killi-tinli  olarak
belirlenmistir.
Aylar (2019) Yili
Months
| Il Il v \Y \ Vil Ortalama
2.0 4.8 7.2 108 182 224 23.1 12.08
10.8 15.8 204 255 342 334 349 24.43
-104 -24 -33 -09 61 117 10.7 0.71
40.6 33.2 38.0 289 308 374 30.4 33.2
79 702 554 425 472 521 420 58.04
1.7 2.0 2.1 13 13 1.6 1.8 1.7

calisma materyali olarak secilmistir (Cizelge 2).
Calisma yapay epidemi sartlarinda ylritilmis
degerlendirme

olup hastalik reaksiyonlarinin

zamaninin belirlenmesi  ve  reaksiyonlarin
dogrulugunun test edilmesi icin hassas kontrol
genotipi olarak “Little Club” (LC) kullaniimistir

(Akan, 2019).
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Cizelge 2. Arastirmada kullanilan gesitler, tescil yillari ve hastalik reaksiyonlari
Table 2. Varieties used in the study, registration years and disease reactions

Ekmeklik Grup

Makarnalik Grup

Bread Group Durum Group
Cesit Adi Tescil yili Hastalik reaksiyonu Cesit Adi Tescil yili Hastalik reaksiyonu
Variety Registration Disease reaction Variety Registration Disease reaction
year year

Bayraktar 2000 28.04.2000 Orta Hassas Cesit-1252 26.04.2000 Orta Hassas
Demir 2000 28.04.2000 Hassas Eminbey 06.04.2009 Dayanikh
Eser 02.05.2003 Dayanikh Kiziltan 91 26.04.1991 Orta Hassas
Kenanbey 06.04.2009 Hassas gno'gzabey 28.04.2000 Orta Hassas

Little Club (LC) genotipi hassas kontrol olarak kullaniimistir.
Little Club (LC) genotype was used as a susceptible control.

Yéntem
Test materyalinin ekimi

Arastirma materyali olan 4 ekmeklik ve 4
makarnalik ¢esit, dort farkli hastalik uygulama
dozu (%0, %25, %50, %100) icin Ug tekerrirli
olarak tesadif bloklari deneme desenine gore
ekilmistir. Test calismasi, hastalik inokulasyonu
yapilmamis 2 blok (negatif kontrol veya %0 dozu)
ve %25, %50, %100 hastalik uygulama dozlarinda
hastalik inokulasyon uygulanmis alti blok olmak
Uzere toplam 8 bloktan olusmaktadir. Her blok 3
tekerrirli olarak ekilmistir. Her g¢esit 1 metre
uzunlugunda ve 33-35 cm sira araligl olacak
sekilde 3 sira olarak elle ekilmistir. Little Club
genotipi ekilisleri test materyali ile benzer sekilde
olacak sekilde ayni zamanda yapimistir.
Tekerrirler arasi mesafe inokulasyon sirasinda
hastalik bulasmanin engellenmesi i¢in 50 cm.

olarak belirlenmistir.

Hastalik inoktilasyon uygulamasi

Her blokta yer alan 4 ekmeklik ve 4 makarnalik
cesit
yapilmistir.

icin 4 farkh
Hastalik
toplanmis hastalik Girediosporlari

hastalik dozu uygulamasi
inokulasyonu icin yeni
%0 (Negatif

Kontrol Grubu), 3 mg/200 mL (%25), 6 mg/200 mL
(%50), 12 mg/200 mL (%100) dozlarinda mineral
yag (Soltrol® 170) icerisinde homojenize edilerek
ULV+
uygulamalari uygun sicaklik ve nem kosullarinda

cihaziyla  uygulanmistir.  inokilasyon
rizgarsiz bir zamanda yapilmis olup, uygulama
dozunun diger parsele bulasmasinin engellenmesi
icin  bloklar arasinda  plastik  bariyerler
kullanilmistir.

Bitki fenolojisi ile ilgili tim gozlemler, ayni giin
icinde farkli fenolojik gelisme donemleri igin
Feekes skalasi kullanilarak alinmistir (Large, 1954).
Fenolojik gozlemler (Feekes, Zadoks skalalarina
gore) hastalik reaksiyonlarinin degerlendirilmesi
asagida sekilde;

25 Mayis 2019 tarihinde “Cigeklenme Baglangici
(Erken Donem; Feekes: 10.5.1, Zadoks:60)”,

06 Haziran 2019 tarihinde “Dane Baglama
(Erken-Orta Donem; Feekes: 10.5.3, Zadoks:69)”,

15 Haziran 2019 tarihinde “Sit Olum Donemi
(Orta-Geg Donem; Feekes: 10.5.4, Zadoks:71)”

23 Haziran 2019 tarihinde “Sararma Donemi
(Geg 11.1, Zadoks:75)”

tarihlerinde (Cizelge 3) yapilmistir (Fowler, 2018).

Donem; Feekes:

Cizelge 3. Yaprak orneklerinin alindigi tarih ve fenolojik donemler (Fowler, 2018)
Table 3. Date and phenological periods of leaf samples (Fowler, 2018)

Siniflandirma
Gelisme Donemi Gozlem Tarihleri Devre Scala
Growing period Observation dates Period Feekes Zzadoks
Erken 25 Mayis 2019 Ciceklenme Baslangici (Erken Donem) 10.5.1 60
06 Haziran 2019 Dane Baglama (Erken-Orta Dénem) 10.5.3 69
Gec 15 Haziran 2019 St Olum Dénemi (Orta-Geg Dénem) 10.5.4 71
23 Haziran 2019 Sararma Donemi (Ge¢ Donem) 11.1 75
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Hastalik reaksiyonlarinin degerlendirilmesi

Hastalik reaksiyon degerlendirmeleri; sari pas
hastaliginin son inokulasyonundan (06 Mayis
2019) 19 giin sonra 7 giinde bir olmak lizere (25
Mayis 2019, 06 Haziran 2019, 15 Haziran 2019, 23
2019)

degerlendirmeleri

Haziran yapimistir.
“Modifiye  Cobb”

kullanilarak sari pas hastaliginin siddeti (Peterson

Reaksiyon
skalasi

ve ark., 1948) ve sari pas hastaligina kars! bitkilerin
reaksiyon tipleri (Roelfs ve ark., 1992) birlikte
kullanilarak belirlenmistir. Little Club genotipinin
hastalik reaksiyon 100S olarak gozlenmis olup
yapilan bu degerlendirme sonucunda “reaksiyon
test sonuclarinin  givenilir” oldugu yorumu
yapilmis ve tim materyal degerlendirilmistir. Tim
reaksiyon degerlendirmeleri sonrasinda
(EK)

Degerlendirmelerde pas siddeti ve enfeksiyon tipi

Enfeksiyon Katsayisi hesaplanmistir.
kaydedilmistir. Pas hastaliginin siddeti (hastaligin
yaprakta kapladigi alan (%) ve enfeksiyon tipi icin
bildirilen katsayilarla (R:0,2; MR:0,4, MR-MS:0,6;
MS:0,8; S: 1) carpilarak Enfeksiyon Katsayisi (EK)
hesaplanmis (Peterson ve ark., 1948) ve hastalik
reaksiyonun gruplandirmasinda hesaplanan
katsayi dikkate alinmistir. Enfeksiyon Katsayisina
gore yapilan degerlendirmede 5 grup olusturulmus
olup; EK= 0; Immun, EK £ 0,1-5; Dayanikli, EK £ 5.1-
20; Orta Dayanikli, EK < 20.1-40; Orta Hassas, EK <
40.1-100; Hassas olarak belirlenmistir. Genel

degerlendirme de EK= 0-20; Dayanikli, EK < 20.1-

100 hassas olarak belirlenmistir (Akan ve ark.,
2019).

Veri analizi
Bugdayda vyaprak Ust yilzeyinde ve kanopi

seviyesinde sarit pas hastaliginin siddetinin
hesaplanmasi, bitkinin sari  pas hastaligina
reaksiyonlar ~ sonucu  olusan  farkli  renk
degisimlerine  (belirtilerine) goére belirlenen

hastalik siddeti (HS%) degerlerindeki farkliliktan
faydalanilarak ¢oklu korelasyon (multi correlation)
teknigi  uygulanarak  yapilmistir.  Hastaligin
ortalama “%” siddetinin belirlenmesi igin, her
cesitin her tekerririinden 5 adet yaprak icin 1 adet
ortalama hastalik skoru hesaplanmistir. Bu yontem
kullanilarak her bir ¢esit ve her uygulama dozu igin
1 adet ortalama hastalik siddeti hesaplanmistir.
Hastalilk siddetinin

olarak hastalik skorunun ortaya konulabilmesi igin

hesaplanmasinda oncelikli
Hastalik indeks (%Hi) degeri hesap edilmistir.
Hastalik indeksi (%Hi) asagidaki formiille (Huang
ve ark., 2007) hesaplanmistir [1]. Yaprak 6rneklinin
dijital ve termal kamera ile gekilen resimleri ArcGIS
10.5.1 Programi® igerisinde “Image Classification”
modilinde kontrolli

gorinti siniflama

siniflandirmaya  (Unsupervised  Classification)
uygulamasi sonrasinda her bir ¢esit icin bir hastalik
indeks degeri (% Hi) belirlenmistir (Peterson ve

ark., 1948) (Sekil 1).

OBJECT_ID Value Count Pistul Percent
(%)

30137 Black 465
23461 Pistulas 362

17071 Green 2634

16332 Pistulas 252

1
2
3
4 28776 Blue 444
5
6 97930 Red 1511
7

- e @ e W N e

120744 Yellow 18.63

8 8 147057 Dark-Green 2269

Total Pixel Count (Pistul) 29793

Total pixel count of

648115 6.14
leaf area

Percentage of Disease (%) = Disease Area (Pixel Count}/Total Pixel Count (Leaf
Areg) *100

Diseose Score (%) = 39793 Pixel (Total Diseased)/648115 Pixel (Total Leaf Areo)
*100=%6.14

Sekil 1. Hastalikli alanlarin ortaya ¢ikarilmasi (ArcGIS 10.5.1®-unsupervised siniflandirma)

Figure 1. Revealing diseased areas (ArcGIS 10.5.1®-unsupervised classification)

Hastalik siddeti (% HS), degeri ile sari pas
hastaliginin yaprak Uzerinde kapladigi hastalikh
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alanin toplam yaprak alanina bélinmesi (%Hi) ve

enfeksiyon katsayisi ile carpilmasiyla [2] elde



Aydogdu ve Akan, 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(2): 189-206

Hastalik
yapraklarin, hastalikla kapli alanlarinin hastalik

edilmistir. degerlendirilmesinde
siddetine gore 9 sinifa ayrilmistir (%0, %1, %10,
%20, %30, %45, %60, %80 ve %100). %0 degerinde
herhangi bir hastalik reaksiyonu gozlenmezken,
%100 degerinde yapragin tamamen hastalikla kapli
oldugunu sinifi ifade etmektedir (Peterson vd.
1948).

Hi(%) =---mr x100 [1]

Hi(%)= Hastalik indeksi

n= En ylksek hastalik siddeti degeri

f= Her hastalik siddeti derecesindeki yapraklarin
sayisl

HS (%) = Hi (%) x EK [2]

HS (%)= Hastalik Siddeti
EK = Enfeksiyon Katsayisi

Buatln fenolojik donemler igin temel istatistik

analizleri (ANOVA) SPSS-24°
istatistik paket programi

(IBM SPSS Statistics 2016). 24.0)

Varyans

Bulgular ve Tartisma

Hastaliga reaksiyonlari bilenen 4 farkli ekmeklik
ve 4 farkli makarnalik gesidine %0 (Negatif Kontrol
Grubu), %25, %50, %100 inokulasyon uygulama
bitkinin  farkh
Uzerine etkilerini belirlenebilmesi icin, her cesit,

dozlarinin, fenolojik donemleri
hastalik siddeti (%) ile, uygulanan hastalik dozu
icin ayri ayri gozlem alinarak degerlendirme icin
her fenolojik donem de tek yonli varyans analizi
yapitmistir. Bu sekilde, farkh hastalik uygulama
dozlarinin fenolojik donemlere gobre hastalk
siddeti
degerlendirilmistir.

Uzerindeki degisiminin etkileri

Ekmeklik budgday cesitlerinde sari pas hastalik

degisiminin fenolojik dénemlere gére izlenmesi
Eser cesidinin hastalik reaksiyonlari (zerine

farkh sari pas hastalik uygulama dozlari ile hastalik
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versiyon
kullanilarak yapilmistir

siddeti degerleri ve farkli fenolojik donemler
birlikte degerlendirildiginde, ciceklenme baslangici
(Feeks 10.5.1) ve dane dolum doneminde (Feeks
10.5.3) tim uygulama dozlarinda hastalik
siddetinde +%12.46 ‘lik bir artis hesaplanmistir.
Diger taraftan sararma (Feekes: 11.1) donemin de
ise hastalik siddeti oranlarinda énemli bir degisim
(Cizelge 4). 2000

cesidi, farklh hastalik uygulama dozlarinin etkisinin

belirlenememistir Bayraktar
en fazla belirlendigi ekmeklik cesittir. Bu cesitte,
ozellikle ciceklenme baslangici (Feeks 10.5.1)
déneminde %25, %50 ve %100 hastalik uygulama
dozlarinda elde edilen hastalik siddeti degerlerinin
(%HS) hastalik
karsilastirildiginda hastalik siddeti degerleri farkh

inokule edilmeyen grup ile
grupta yer aldigi degerlendirilmis olup, sonucta

hastalik siddetinde 6nemli degisiklikler oldugu

saptanmistir.  Bu degisimler hastalik inokule
edilmeyen grupla karsilastirildiginda, hastalik
siddetinde, %25 hastalik uygulama dozunda

+%250, %50 hastalik uygulama dozunda +%300 ve
%100 hastalik +%350
diizeyinde artislar seklinde hesaplanmistir (Cizelge

uygulama dozunda
4). En fazla hastalik siddeti artisi, dane dolum
(Feeks 10.5.3)
donemde %100 hastalik uygulama
hastalilk  siddetindeki +%400
hesaplanmis olup, bunu %25 ve %50 hastalik

doneminde belirlenmistir. Bu
dozunda
artis olarak
uygulama dozlarindaki +%350’lik artis oranlarinin
izledigi degerlendirilmistir. Diger taraftan st olum

(Feekes 10.5.4) donemde bu artis tim hastalik

uygulama dozlarinda +%20 dizeyinde artis
belirlenmistir (Cizelge 4).

Demir 2000 ¢esidinde, Bayraktar 2000
cesidinden sonra en vyiksek hastalik siddeti

artislart  belirlenmistir. Demir 2000 c¢esidin de
(Feeks 10.5.1)
doneminde en ylksek hastalik siddeti artisi %100

erken ciceklenme baslangici
uygulama dozunda +%150 olarak belirlenmis olup,
bunu sirasiyla %50 uygulama dozunda +%112.50
%25 +%40.28'lik
artislarin izledigi degerlendirilmistir (Cizelge 4).
Dane dolum (Feeks 10.5.3) doneminde, hastalik
inokule edilmeyen
hastalik siddetinde %100 hastalik uygulama

dozunda +%51.14, %50 dozunda +%37.40 ve %25

‘lik ve uygulama dozunda

grupla karsilastinldiginda
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dozunda ise +%3.05 artis belirlenmistir.

Kenanbey cesidinde, Demir2000 c¢esidinden
sonra hastallk dozuna bagh olarak hastalik
siddetinde artislar  belirlenmistir.  Kenanbey
cesidinde ciceklenme baslangici (Feekes 10.5.1)
doénemde hastalik inokule edilmeyen grupla
karsilastirildiginda en yuksek hastalik artis oranina,
%100 hastalik uygulama dozunda +%104.55, %50
hastalik uygulama dozunda +%53.41 artis oldugu
tespit edilmistir. Dane dolum (Feeks 10.5.3)
déneminde bu artiglar sirasiyla %100 hastalk
uygulama dozunda +%73.40, %50 dozunda
+%48.63 ve %25 dozunda +%23.85 artis oldugu
tespit edilmistir (Cizelge 4).

Tim fenolojik donemler birlikte
degerlendirildiginde; artan uygulama dozuna bagli
olarak ekmeklik c¢esitlerin hastalik siddetindeki
genel artis oranlar karsilastinldiginda, Eser cesidi
hari¢ (dayanikh) diger tim ekmeklik gesitlerin sari
pas hastaligina olan dayaniklilik reaksiyonlari sinirh

Gida Bilimleri Dergisi, 27(2): 189-206

diizeydedir. Bayraktar 2000, Kenanbey, Demir
2000 gesitlerinin tim fenolojik dénemlerde birlikte
degerlendirildiginde; hastalik inokule edilmeyen
gruplar ile karsilastirildiginda; artan hastalik
uygulama dozuyle birlikte hastalik siddetinde
onemli oranda artislar belirlenmistir. Hastaliktan
en fazla etkilenen veya en hassas gesidin erken
(Feekes 10.5.1), dane baglama (Feekes 10.5.3) ve
sit olum (Feekes 10.5.4) dénemlerinde Bayraktar
2000 c¢esidi oldugu ve bu c¢esidi Demir 2000
cesidinin izledigi belirlenmistir. Hassas grubunda
yer alan Kenanbey c¢esidi ise tim fenolojik
dénemlerde hastalik siddetinde 6nemli oranda
artiglar gosterdigi belirlenmistir. Eser ¢esidinin ise
hastaliga dayanikli reaksiyon gosterdigi
belirlenmistir. Hastalik uygulama dozlari arasindaki
etkilesim incelendiginde Bayraktar 2000,
Kenanbey, Demir 2000 cesitlerinde, farkh hastalik
uygulama dozlarinin hastalik siddeti degisiminde
onemli oldugu tespit edilmistir (Cizelge 5).

Cizelge 4. Ekmeklik cesitlerde uygulanan hastalik dozlarina gére farkli fenolojik donemlerdeki hastalik siddetinin oransal

degisimi

Table 4. Proportional change of disease severity in different phenological periods according to disease doses applied in bread

varieties

Fenolojik Donemler
Phenological Periods

Ciceklenme Bagslangici

Beginning of Dane Dolum Siit Olum
Ekmeklik Cesitler flowering Grain Filling Milking Ortalama
Bread Varieties 06 Haziran 2019 15 Haziran 2019
25 Mayis 2019 Mean
May 25, 2019 June 06, 2019 July 15, 2019
(DAS-191) (DAS-203) (DAS-212)
Uygulama o) s o Mg o) s s %
Dozu HS (%) A’Cz‘:f"é:em HS (%) "cz‘;i';m HS (%) "C?‘:i':;m HS (%)  Degisim
Application DS (%) (%) DS (%) (%) DS(%) (%) DS(%) Change
doses (%)
%0 10.67 0.00 10.67 0.00 12.00 0.00 11.11 0.00
Eser %25 12.00 +12.46 12.00 +12.46 12.00 0.00 12.00 +8.01
%50 12.00 +12.46 12.00 +12.46 12.00 0.00 12.00 +8.01
%100 10.67 0.00 12.00 +12.46 12.00 0.00 11.56 +4.05
%0 29.33 0.00 36.33 0.00 75.33 0.00 47.0 0.00
Kenanbey %25 29.33 0.00 45.00 +23.85 74.67 0.88 49.67 +5.68
%50 45.00 +53.41 54.00 +48.63 86.67 +15.05 61.89 +31.68
%100 60.00 +104.55 63.00 +73.40 93.33 +25.11 72.11 +53.43
%0 4.00 0.00 4.00 0.00 20.00 0.00 9.33 0.00
Bayraktar %25 14.00 +250 18.00 +350 24.00 +20.0 18.67  +100.11
2000 %50 16.00 +300 18.00 +350 24.00 +20.0 19.33 +107.18
%100 18.00 +350 20.00 +400 24.00 +20.0 20.67 +121.54
%0 24.00 0.00 43.67 0.00 72.33 0.00 46.67 0.00
Demir 2000 %25 33.67 +40.28 45.00 +3.05 72.33 0.00 50.33 +7.84
%50 51.00 +112.50 66.00 +37.40 81.00 +11.98 66.0 +41.42
%100 60.00 +150.0 66.00 +51.14 81.00 +11.98 69.0 +47.85
Lc %0 25.00 0.00 60.00 0.00 83.33 0.00 56.11 0.00
Hassas %25 45.00 +75.0 70.00 +16.67 76.67 -8.00 63.89 +13.87
Kontrol %50 59.17 +125.0 80.00 +33.33 90.00 +8.00 76.39 +36.14
%100 66.67 +150.0 80.00 +33.33 90.00 +8.00 78.89 +40.60

*DAS: Ekim sonrasi toplam gtin sayisi (Days after sowing)
195
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Cizelge 5. Ekmeklik gesitlerde hastalik uygulama dozlarina gore sari pas hastaliginin farkli fenolojik donemlerde hastalik

siddeti (%HS) degisimi varyans analizi

Table 5. Changing of yellow rust disease severity (%DS) in different phenological periods according to disease application

doses in bread cultivars (Variance Analysis)

Erken D6nem
Early Period

Erken-Orta D6nem
Early-Middle Period

Orta-Ge¢ Donem
Middle-Late Period

= Ciceklenme Baslangici Dane Dolum Siit Olum
Hastalik T T Beginni £l . Grain Filli Milki
= 5 eginning of flowering rain Filling ilking
Cesit Uygulama Dozu % 2 25.05.2019 06.06.2019 15.06.2019
Varieties Disease = 10.5.1 10.5.3 10.5.4
Application = . X
Doses % «< Hastalik siddeti (%)
= Disease severity (%)
Ort. + SH Ort. + SH Ort. + SH
MeantSE Mean+SE Mean+SE
%0 12 10.67 £ 0.57a 10.67 £ 0.57b 12.00 £ 0.00a
%25 12 12.00 £ 0.00a 12.00 £ 0.00a 12.00 £ 0.00a
Eser %50 12 12.00 + 0.00a 12.00 £ 0.00a 12.00 £ 0.00a
%100 12 10.67 £ 0.57a 12.00 £ 0.00a 12.00 £ 0.00a
Sig 1.000 1.000 -
%0 12 29.33+2.27c 36.33£1.85d 75.33+3.28b
%25 12 29.33+1.14c 45.00 £ 0.00c 74.67 £ 1.14b
Kenanbey %50 12 45.00+2.22b 54.00 £ 2.22b 86.67 £ 1.42a
%100 12 60.00 £ 1.28a 63.00 £ 0.00a 93.33+1.42a
Sig 1.000 1.000 0.995/0.102
%0 12 4.00 £ 0.00c 4.00 £ 0.00b 20.00+1.71b
Bayraktar %25 12 14.00 + 2.95b 18.00 £ 1.48a 24.00 £ 0.00a
2000 %50 12 16.00 + 2.95ab 18.00,+ 0.00a 24.00 £ 0.00a
%100 12 18.00 £5.12a 20.00 £ 0.85a 24.00 £ 0.00a
Sig 1.000 / 0.456 1.000/ 0.892 0.525
%0 12 24.00+£1.97d 43.67 +2.72b 72.33+2.09b
%25 12 33.67 £ 2.61c 45.00+2.22b 72.33+2.09b
Demir 2000 %50 12 51.00+1.28b 66.00 £ 1.28a 81.00 £ 0.00a
%100 12 60.00 £ 1.28a 66.00 £ 1.28a 81.00 £ 0.00a
Sig 0.505 0.797 0354
LC %0 12 25.00 £ 1.51d 60.00 + 0.00c 83.33+1.40b
Hassas %25 12 45.00 £ 1.51c 70.00 £ 0.00b 76.67 £ 1.42c
Kontrol %50 12 59.17 £2.29b 80.00 £ 0.00a 90.00 £ 0.00a
%100 12 66.67 £ 1.42a 80.00 £ 0.00a 90.00 £ 0.00a

Ort.: Ortalama Hastalik Siddeti (%DI) SH: Ortalamanin Standart Hatasi
Ayni slitun Gzerinde birbirini takip eden kiiglik harfler ayni fenolojik dénem iginde dozlar arasindaki farkliliklari, ifade eder.
Birbirini takip eden ayni kliglik harfler istatistik agidan % 5 seviyesinde 6nemlidir (Tukey Post hoc testi).

Mean: Mean Disease Severity (%DI) SD: Standard Error of Mean

Successive lowercase letters in the same column indicate differences between doses within the same phenological period.
The same successive lowercase letters are statistically significant at the 5% level (Tukey Post hoc test).

Sart  pas hastaliginin  farkh  fenolojik
donemlerde reaksiyon degisimi incelendiginde;
farkli hastalik uygulama dozlarinda en fazla
degisim, Bayraktar 2000 cesidinde dane baglama
(Feekes 10.5.3) donemin de oldugu belirlenmistir.
hastalik

edilmeyen ve hastalik inokule edilen

Dane baglama doneminde inokule
gruplar
karsilastirildiginda; reaksiyon degisimi tim hastalik
uygulama dozlarinda belirlenmistir. En fazla
hastalik siddeti degisimi, %100 hastalik uygulama
dozunda +%400 olarak belirlenmistir. Bunu
sirasiyla %50 dozunda, +%350 ve %25 dozunda

+%300 artisin takip ettigi belirlenmistir. Bu sonuca
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benzer olarak c¢iceklenme baslangici (Feekes
10.5.1) doneminde, Bayraktar 2000 cesidinde
hastalik uygulama dozlari arasinda dikkati ceken
dizeyde hastalik
belirlenmigtir. En fazla degisim %100 hastalk
uygulama dozunda +%350, %50 dozunda +%300,
%25 dozunda +%250 oraninda artislar olarak

reaksiyon degisimleri

belirlenmistir. Stt olum (Feeks 10.5.4) doneminde
en fazla degisim yine Bayraktar 2000 cesidinde
belirlenmistir. Bu donemde hastalik degisimleri
%25, %50 ve %100 hastalik uygulama dozlarinda
Bayraktar 2000
cesidinin yani sira Demir 2000 cesidinde de benzer

+%20 olarak belirlenmistir.
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(Feekes 10.5.1)
donemde farkh hastalik uygulama dozlarindan

sekilde ciceklenme baslangici

reaksiyonlari en fazla degisen c¢esit olmustur.
Demir 2000 cesidi icin bu donemde hastalik
inokule edilmeyen ve hastalik inokule edilen
gruplar karsilastirildiginda; en fazla reaksiyon
degisimi %100 hastalik uygulama dozunda +%150
olarak belirlenmistir. Bu durumu %50 hastalik
uygulama dozu reaksiyonunda +%112,5 artisla
izledigi  belirlenmistir.  Kenanbey ¢esidinde
ciceklenme baslangici (Feekes 10.5.1) dénemde
Ozellikle %100 ve %50 hastalik uygulama
dozlarinda hastalik siddetinde sirasiyla +%104.55
ve +%53.41 artislar belirlenmis bu artislarin farkl
gruplar icerisinde (Tukey’s HSD test (p<0.05) yer

aldigi tespit edilmistir (Cizelge 5).

Fenolojik dénemler birlikte
degerlendirildiginde; Demir 2000 gesidinin hastalik
reaksiyonlari  incelendiginde %100 hastalik
uygulama dozu ciceklenme baslangici (Feekes
10.5.1) ve dane baglama (Feekes 10.5.3)
donemlerinde istatistiki olarak %5 duzeyinde

oldugu saptanmistir. Ozellikle dane baglama

(Feekes 10.5.3) donemi grubu istatistiki acidan

onemli (F= 31.04, df=

degerlendirilmigtir.

3, p<0.000) olarak
Kenanbey c¢esidini hastalik
reaksiyonlari incelendiginde Demir 2000 gesidinin
takip ettigi ve Uc¢ fenolojik donemde de yliksek
hastalik siddeti belirlenmistir. Kenanbey ¢esidinin
ozellikle sit olum (Feekes 10.5.4) donemdeki
hastalik reaksiyonlarinin istatistiki dnemlilik diizeyi
incelendiginde ilk siralarda yer alan grupta oldugu
belirlenmis (F= 20.517, df= 3, p<0.000) olup, bu
yoniyle bu sonucu Demir 2000 ¢esidi sonucu takip
etmistir (F=11.422, df= 3, p<0.000). %50 hastalk
uygulama 2000
cesidinde c¢iceklenme baslangici (Feekes 10.5.1)
dénemde istatistiki olarak ©6nemli oldugu (F=
76.252, df= 3, p<0.000) belirlenmis olup, bu
durumu Kenanbey ¢esidinin giceklenme baslangici
(Feekes 10.5.1) donemdeki %50 hastalik uygulama
dozunun izledigi belirlenmistir (F= 66.532, df= 3,
p<0.000). Kenanbey ve Demir 2000 gesitleri bitlin
fenolojik donemlerde hastalik siddetinden en fazla

dozundaki farkliigin  Demir

etkilenen cesitler olarak belirlenmis olup, ylksek
hastalik siddeti (%) degerleri belirlenmistir (Cizelge
6).

Cizelge 6. Ekmeklik gesitlerin farkh fenolojik donemlerin de hastalik siddetinin (%) karsilastiriimasi icin yapilan varyans analiz

sonuglari

Table 6. Variance analysis results for comparison of disease severity (%) of bread varieties at different phenological periods

Cegsitler Fenolojik Donem HKT KO
(Varieties) (Feekes) Error sum of Mean of squares F Sig.(P)
(Phenological squares
Periods)

Eser 10.5.1 21.333 3 7.111 3.667 0.019
10.5.3 16.000 3 5.333 5.500 0.003
10.5.4 0.000 3 0.000 - -

Kenanbey 10.5.1 7790.333 3 2596.778 66.532 0.000
10.5.3 4753.000 3 1584.333 63.450 0.000
10.5.4 2969.333 3 989.778 20.517 0.000

Bayraktar 2000 10.5.1 2286.240 3 762.080 69.857 0.000
10.5.3 1968.000 3 656.000 75.167 0.000
10.5.4 144.000 3 48.000 5.500 0.003

Demir 2000 10.5.1 9580.000 3 3193.333 76.252 0.000
10.5.3 4408.000 3 1469.333 31.04 0.000
10.5.4 901.333 3 300.444 11.422 0.000

LC 10.5.1 12089.583 3 4029.861 113.824 0.000

Hassas Kontrol 10.5.3 3300.000 3 1100.000 - -
10.5.4 1466.667 3 488.889 40.333 0.000

HKT:Hata Kareler Toplami F: Ornek Ortalamalarinin Karsilastirma Tablo Degeri df: Serbestlik Derecesi

KO: Kareler Ortalamasi Sig.(p): Karsilastirmada Anlamlilik Degeri

HKT: Error sum of squares F: Comparison Table Value of Sample Means df: Degrees of freedom

KO: Mean of squares Sig.(p): Significance Value in Comparison

Demir 2000 c¢esidi ciceklenme baslangici  edilmeyen ve hastalik inokule edilen gruplar
(Feekes 10.5.1) doéneminde hastalik inokule karsilastinldiginda, istatistiki olarak  hastalk
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uygulama dozlart arasindaki farklihgin o6nemli

oldugu belirlenmistir. Dane baglama (Feekes
10.5.3) doneminde hastalik inokule edilmeyen
grupla karsilastirildiginda %50 ve %100 hastalik
uygulama dozlari arasinda farkliliklar yine istatistiki
(Cizelge 5).

Kenanbey ¢esidinde hastalik inokule edilmeyen ve

olarak o6nemli tespit edilmistir
hastalik inokule edilen gruplar karsilastirildiginda
farkli hastalik uygulama dozlari arasindaki fark, en

Gida Bilimleri Dergisi, 27(2): 189-206

fazla dane baglama (Feekes 10.5.3) donemde

belirlenmigtir.  Ciceklenme baslangici  (Feekes
10.5.1) doéneminde Kenanbey ¢esidinde hastalik
inokule edilmeyen ve hastalik inokule edilen

gruplar karsilastinldiginda %25 hastalik uygulama

dozunun istatistiki olarak 6nemli olmadigi
degerlendirilirken, %50 ve %100 dozlari arasinda
farklihklarin istatistiki olarak 6nemli oldugu

belirlenmigtir (Sekil 1).

400
£ 300
E
2 200
x
il
£ 100
J— ol tlumlbild | )

%0 %25 %50 %100 %0 %25 %50 %100 %0

Eser Kenanbey

M 25 Mayis 2019 (10.5.1) (% HS)
06 Haziran 2019 (10.5.3) % Degisim
M Ortalama (% HS)

Ekmeklik Cesitlerin Farkli Fenolojik Donemlerin Hastalik Uygulama Dozlarinin Hastalk
Siddeti (%HS) Uzerine Degisiminin Etkileri

%25 %50 %100 %0

Bayraktar 2000
Hastalik Uygulama Dozlan

25 Mayis 2019 (10.5.1) % Degisim
M 15 Haziran 2019 (10.5.4) (% HS)
M Ortalama % Degisim

J]J]J. IR

%25 %50 %100 %0 %25 %50 %100

Demir 2000 LC (Hassas-Kontrol)

06 Haziran 2019 (10.5.3) (% HS)
M 15 Haziran 2019 (10.5.4) % Degisim

Sekil 1. Ekmeklik gesitlerin farkli fenolojik donemlerinde hastalik uygulama dozlarinin hastalik siddetine

(%HS) olan degisiminin (%) incelenmesi

Figure 1. Investigation of the change (%) of disease application doses to disease severity (%DS) in different

phenological periods of bread varieties

Makarnalik budday cesitlerinde sar1 pas hastalik
degisiminin fenolojik dénemlere gére izlenmesi
Hastaligin reaksiyonlarinin fenolojik dénemlere
farkh  hastalik
uygulama dozlarinin en fazla degisimi Eminbey

gore gelisimi incelendiginde;
cesidinde ciceklenme baslangici (Feekes 10.5.1)

déneminde belirlenmistir. Bu doénemde hastalik

grupla
degisen dizeylerde reaksiyon degisiminin bitilin

inokule edilmeyen karsilastirildiginda,
hastalik uygulama dozlarinda oldugu belirlenmistir
(Cizelge 7). Bu dénemde en fazla hastalik siddeti
(%) artisi degisimi, %100 hastalik uygulama dozun
da +%335.52 olarak belirlenmistir. Bu durumu
sirasiyla %50 dozunda +%287.13 ve %25 dozunda
+%141.95 hastalik artisi izlemistir.

Kiziltan 91 cesidinin sit olum (Feekes 10.5.4)
dénemde farkh
hastalik

karsilastirildiginda,

hastallk uygulama dozlarinda
edilmeyen grupla
hastalik siddetinde dikkati

inokule
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ceken degisim oranlari belirlenmistir. Bu donemde
en yuksek degisimler %100, %25 ve %50 hastalik
uygulama dozlarinda sirasiyla +%287.13, +%238.74
ve +%206.48 artis olarak belirlenmistir. Siit olum
(Feekes 10.5.4) donemin de Cesit-1252 gesidinde
%100, %50 ve %25 hastalik uygulama dozlarindaki
degisimler sirasiyla +%63.25, %+14.28, ve -51.02
olarak belirlenmistir. Eminbey cesidinde dane
dolum (Feekes 10.5.3) déneminde bitin hastalik
uygulama dozlarinda hastalik siddetindeki artis
+%58.83 olarak tespit edilmistir. St olum (Feekes
10.5.4) donemde hastalik artislari %50 ve %100
hastalik +%25
belirlenmistir.

Mirzabey 2000 cesidinde hastalik siddetindeki
degisim artis yoniinde c¢iceklenme dodneminde
(Feeks 10.5.1) %100 hastalik uygulama dozunda
+%100, %50 hastalik uygulama dozunda +%66.67
ve %25 hastalik uygulama dozunda +%33.33 olarak

uygulama dozlarinda olarak
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belirlenmistir. Cesit-1252 c¢esidinde en fazla (Feekes 10.5.3) %25 hastalik uygulama dozunda
hastalik siddeti artisi dane dolum doneminde  +%193.33 olarak belirlenmistir (Cizelge 7).

Cizelge 7. Makarnalik gesitlerde uygulanan hastalik dozlarina gére farkh fenolojik dénemlerdeki hastalik siddetinin oransal
degisimi

Table 7. Proportional change of disease severity in different phenological periods according to disease doses applied in
durum varieties

Fenolojik Donemler
Phenological Periods

Ciceklenme
Makarnalik Cesitler Ba'§lar'1g|m Dan.e Dc'al'um Sﬁt. O'Ium
Durum Varieties Beginning of Grain Filling Milking Ortalama
flowering 06 Haziran 2019 15 Haziran 2019 Mean
25 Mayis 2019 June 06, 2019 July 15,2019
May 25, 2019 (DAS-203) (DAS-212)
(DAS-191)
Uygulama % % %
Dozu HS (%) Degisim HS (%) Degisim HS (%) Degisim HS (%) % Degisim
Application DS (%) Change DS(%) Change DS(%) Change DS(%) Change (%)
doses (%) (%) (%)
%0 6.13 0.00 4.13 0.00 10.93 0.00 7.07 0.00
%25 8.00 +30.44 14.00 +238.74 10.67 -2.43 10.89 +54.10
%50 8.00 +30.44 12.67  +206.48 12.00 +9.76 10.89 +54.10
%100 10.00 +63.05 16.00  +287.13 14.67 +34.15 12.89 +82.41
%0 6.80 0.00 10.00 0.00 8.17 0.00 8.32 0.00
Cesit-1252 %25 6.13 -9.81 29.33 +193.33 4.00 -51.02 13.16 +58.07
%50 8.00 +17.65 12.00 +20.0 9.33 +14.28 9.78 +17.50
%100 8.00 +17.65 12.00 +20.0 13.33 +63.25 11.11 +33.51
%0 4.13 0.00 11.33 0.00 13.33 0.00 9.60 0.00
Eminbey %25 10.00 +141.95 18.00 +58.83 13.33 0.00 13.78 +43.52
%50 16.00 +287.13 18.00 +58.83 16.67 +25.00 16.89 +75.93
%100 18.00 +335.52 18.00 +58.83 16.67 +25.00 17.56 +82.88
%0 16.00 0.00 20.00 0.00 22.67 0.00 18.22 0.00
Mirzabey %25 16.00 +33.33 33.33 +66.67 17.33 -23.53 22.22 +21.95
2000 %50 20.00 +66.67 33.00 +65.0 31.67 +39.71 28.22 +54.88
%100 24.00 +100 24.00 +20.0 21.33 -5.89 23.11 +26.83
LC %0 28.50 0.00 60.00 0.00 82.50 0.00 54.44 0.00
Hassas %25 50.00 +75.44 70.00 +16.67 88.33 +4.00 65.56 +20.41
Kontrol %50 62.50 +119.30 80.00 +33.33 90.00 +8.00 76.67 +40.82
%100 62.50 +119.30 80.00 +33.33 89.17 +8.00 78.89 +44.90

*: HS : Hastalik Siddeti (%) DS (%): Diseaes severyt
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Cizelge 7. Makarnalik gesitlerde hastalik uygulama dozlarina gore sari pas hastaliginin farkli fenolojik donemlerde yapraktaki

hastalik siddeti (%HS) degisimi varyans analizi

Table 7. Changing of yellow rust disease severity (%DS) on leaves in different phenological periods according to disease

application doses in durum varietiess (Variance Analysis)

Cesit Erken Donem Erken-Orta Dénem Orta-Ge¢ Dénem
Early Period Early-Middle Period Middle-Late Period)
Hastalik = Ciceklenme Baslangici Dane Dolum Sit Olum
Uygulama % S Beginning of flowering Grain Filling Milking
Dozu =& 25.05.2019 06.06.2019 15.06.2019
Disease 3 3 10.5.1 10.5.3 10.5.4
Application g 2 Hastalik Siddeti (%)
Doses e Disease severity (%)
Ort. £ SH Ort. £ SH Ort. £+ SH
Mean+SE Mean+SE Mean+SE
Kiziltan91 %0 12 6.13+1.43a 4.13 £ 0.80b 10.93 + 2.16a
%25 12 8.00 + 0.85a 14.00 + 0.85a 10.67 + 2.50a
%50 12 8.00 £ 0.85a 12.67 £ 1.24a 12.00 £ 0.98a
%100 12 10.00 £ 0.85a 16.00 + 0.85a 14.67 £ 0.00a
Sig 0.680 1.000/0.078 0.834
Cesit-1252 %0 12 6.80 £ 1.45a 10.00+ 1.71b 8.17+1.67b
%25 12 6.13+1.43a 29.33 +0.00a 4.00 £ 0.00c
%50 12 8.00 £ 0.85a 54.00 +2.22b 86.67 + 1.42b
%100 12 8.00 + 0.85a 12.00 = 0.00b 13.33+0.57a
Sig 0.962 0.580 0.104
Eminbey %0 12 4.14 +0.80c 11.33+£1.24b 13.33+1.14b
%25 12 10.00 £ 0.85b 18.00 + 0.00a 13.33+1.14b
%50 12 16.00 + 0.85a 18.00 + 0.00a 16.67 + 0.28a
%100 12 18.00 + 0.00a 18.00 + 0.00a 16.667+ 0.28a
Sig 0.837 1.000 0.637
Mirzabey %0 12 16.00 £ 1.71b 20.00 £ 2.61a 22.667 +£3.98a
2000 %25 12 16.00+£1.71b 33.33+7.85a 17.333 + 3.46a
%50 12 20.00 + 0.85ab 66.00 £ 1.28a 31.667 £ 6.68a
%100 12 24.00 £ 0.00a 66.00 £ 1.28a 21.333 £ 1.14a
Sig 0.136 0.866 0.750
LC %0 12 28.50 + 5.00b 60.00 + 0.00c 82.500 *+ 1.31b
Standart %25 12 50.00 +1.51a 70.00 + 0.00b 88.333+1.12a
%50 12 62.50 +2.29a 80.00 £ 0.00a 90.000 * 0.00a
%100 12 62.50 + 1.40a 80.00 £ 0.00a 89.170 £ 0.83a

Ort.: Ortalama Hastalik Siddeti (%DI) SH: Ortalamanin Standart Hatasi
Ayni sltun Uzerinde birbirini takip eden kiguk harfler ayni fenolojik dénem icinde dozlar arasindaki farkliliklari, ifade eder.
Birbirini takip eden ayni kiiglik harfler istatistik agidan % 5 seviyesinde énemlidir (Tukey Post hoc testi).

Mean: Mean Disease Severity (%DI) SD: Standard Error of Mean

Successive lowercase letters in the same column indicate differences between doses within the same phenological period.
The same successive lowercase letters are statistically significant at the 5% level (Tukey Post hoc test).

Tim fenolojik dénemler birlikte
degerlendirildiginde; farkh hastalik uygulama dozu
uygulamalarinda, makarnalik bugday cesitlerinin
hastalik siddetindeki artis oranlari dikkate alinarak
yapilan bir karsilastirmada, hastaligin siddetinin
ilerleyen fenolojik donemlerde artis egilimi icinde
oldugu saptanmistir. Tum makarnalik cesitler icin
en fazla hastalik siddeti artislarinin (Kiziltan 91
cesidi haric) mevsim ici erken donem olan
ciceklenme baslangici (Feeks 10.5.1) doneminde
gerceklestigi  belirlenmistir. Eminbey c¢esidinin
ciceklenme baslangici (Feekes 10.5.1) dénemde en
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fazla etkilenen c¢esit oldugu (F=75.272, df=3,
p<0.000), Kiziltan 91 cesidinin dane baglama
(Feekes 10.5.3) doneminde hastalik siddetinde
onemli artislar (F=30.163, df=3, p<0.000)
belirlenmistir. Bu durumu yine bu doénemde
Eminbey cesidinde belirlenen hastalik siddeti
artislari (F=28.947, df=3, p<0.000) ve sararma
(Feekes: 11.1) donemin de Cesit-1252 cesidinde
hastalik siddetinde artislarin izledigi (F=13.379,
df=3, p<0.000) belirlenmistir (Cizelge 8).

Tim fenolojik dénemler birlikte

degerlendirildiginde; en dikkat cekici hastalik
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siddeti (Feekes
10.5.1) %100
hastallk uygulama dozunda +%335.52 olarak
belirlenmistir. Bu durumu dane baglama (Feekes
10.5.3) doneminde +%58.83 ve siit olum (Feekes
10.5.4) doéneminde +%25 artis olarak izledigi
belirlenmistir. Kiziltan 91 ¢esidi, dane baglama

artislari ciceklenme baslangici

doneminde Eminbey c¢esidinde

(Feekes 10.5.3) doneminde hastalik siddetinden
onemli etkilenmis olup bu durumu
de +%238.74 hastalik siddeti

belirlenmistir.

dizeyde
Eminbey c¢esidin
izledigi Dane baglama
10.5.3) Mirzabey 2000
cesidinde hastalik siddetinde o6nemli

artisinin
(Feekes déneminde
artislar

belirlenmigtir (Cizelge 7).

Cizelge 8. Makarnalik gesitlerin farkli fenolojik dénemlerin de hastalik siddetinin (%) karsilastiriimasi icin yapilan varyans analiz

sonuglari
Table 8. Variance analysis results for comparison of disease severity (%) of durum varieties at different phenological periods
Kareler
Cesitler Fenolojik Donem HKT df Ortalamasi F Sig.(P)
(Varieties) (Feekes) Error sum of Mean of squares
(Phenological squares
Periods)
Kiziltan 91 10.5.1 89.760 3 29.920 2.363 0.084
10.5.3 983.627 3 327.876 30.163 0.000
10.5.4 120.107 3 40.36 1.623 0.198
Cesit-1252 10.5.1 30.880 3 10.293 0.613 0.610
10.5.3 2948.000 3 982.667 4.166 0.011
10.5.4 530.917 3 176.972 13.379 0.000
Eminbey 10.5.1 1414.560 3 471.520 75.272 0.000
10.5.3 400.000 3 133.333 28.947 0.000
10.5.4 133.333 3 44.444 5.392 0.003
Mirzabey 2000 10.5.1 528.000 3 176.000 8.963 0.000
10.5.3 1593 3 531.000 1.619 0.199
10.5.4 1318.333 3 439.444 1.987 0.130
LC (Kontrol) 10.5.1 9260.250 3 3086.750 20.745 0.000
10.5.3 3300.000 3 1100.000 - -
10.5.4 416.667 3 138.889 12.644 0.000

HKT: Hata Kareler Toplami

F: Ornek Ortalamalarinin Karsilastirma Tablo Degeri

df:: Serbestlik Derecesi

KO: Kareler Ortalamasi

Sig.(p): Karsilastirmada Anlamlilik Degeri

HKT: Error sum of squares

F: Comparison Table Value of Sample Means

df: Degrees of freedom

KO: Mean of squares

Sig.(p): Significance Value in Comparison

Hastallktan en fazla etkilenen gesitlerin;
giceklenme baslangici (Feekes 10.5.1) doneminde
Eminbey ve Mirzabey 2000 oldugu, ge¢c donemde
(Feekes 10.5.4) ise Kiziltan 91 ve Cesit-1252
cesitleri olarak belirlenmistir. Hastalik reaksiyonu

olarak, en hassas ¢esidin Cesit-1252 oldugu, bu
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cesidi Kiziltan 91 gesidinin izledigi, Mirzabey 2000

cesidinin orta-hassas, Eminbey c¢esidinin ise
hastaliga dayanikli reaksiyon grubunda yer aldig
yorumu yapilmistir (Tukey’s HSD test (p<0.05)

(Sekil 2).
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W 25 Mayis 2019 (10.5.1) (% HS)
06 Haziran 2019 (10.5.3) (% HS)
15 Haziran 2019 (10.5.4) (% HS)

Makarnalik Cesitlerin Farkli Fenolojik D6nemlerinde Hastalik Uygulama Dozlarinin Hastalik
Siddeti (%) Uzerine Degisimiminin Etkileri
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Sekil 2. Makarnalik gesitler icin farkh fenolojik donemlerde farkl sari pas hastalik uygulama dozlarinin
hastalik siddetine (%HS) olan degisiminin (%) incelenmesi

Figure 2. Investigation of the change (%) of different yellow rust disease application doses to disease
severity (%HS) in different phenological periods for durum varieties

Eser cesidi disinda, ekmeklik cesitlerin tim
fenolojik donemleri birlikte degerlendirildiginde,
hastalik
karsilastirildiginda

inokule edilmeyen gruplarla
hastalik siddetinde dikkati
ceken diizeyde artislarin oldugu belirlenmistir.
Bayraktar 2000 ¢esidinin hastalik siddeti artisindan
en fazla etkilenen cgesit oldugu ciceklenme (Feekes
10.5.1), dane baglama (Feekes 10.5.3) ve siit olum
10.5.4) dikkat

dizeyde hastalik siddeti artisi belirlenmis, yine

(Feekes donemlerinde, cekici
ayni donemlerde benzer artislarin Demir 2000 *
cesidi icinde belirlenmistir. Kenanbey cesidinde de
tim fenolojik donemlerde hastalik siddetinde
onemli artiglar belirlenmistir.

birlikte

uygulama

donemler

farkli  hastalik
dozlarinda en fazla hastalik siddeti (%), Bayraktar
2000 cesidinde dane baglama (Feekes 10.5.3)
doneminde belirlenmistir. Bu doénemde hastalik

Fenolojik
degerlendirildiginde,

inokule edilmeyen grupla yapilan karsilastirmalar
da degisen dizeylerde reaksiyon ve hastalk
siddeti (%) farkhliklari butiin hastalik uygulama
dozlarinda belirlenmistir. Bu donemde en fazla
hastalik degisim orani %100 hastalik uygulama
+%400
belirlenmistir. Bu durumu sirasiyla %50 ve %25
hastalik +%350 hastalik
siddetinde artis seklinde takip etmistir. Bu donemi
Demir 2000 cesidi erken donemde (Feekes 10.5.1)

hastalik

dozu vyapilan grupta artis  olarak

uygulama dozlari

inokule edilmeyen grup ile
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karsilastirildiginda, en fazla degisimi %100 hastalk
uygulama dozunda +%150 artis orani ile izledigi ve
%50 hastalik uygulama dozunun takip (+%112.50)
ettigi cesidinde
ciceklenme baslangici (Feekes 10.5.1) dénemde
(25 Mayis 2019) ozellikle %100 ve %50 hastalik
uygulama dozunda hastalik siddetinde o6nemli

belirlenmistir. Kenanbey

degisimler gozlenmis olup, sirasiyla +%104.55 ve
+%53.41 artislarin istatistiki olarak farkli gruplar
icerisinde yer aldig belirlenmistir.

Bitliin fenolojik gelisme doénemleri birlikte
degerlendirildiginde; Demir 2000 gesidinin %100
hastalik uygulama dozu uygulamasinda ¢iceklenme
baslangici (Feekes 10.5.1) (25 Mayis 2019) ve dane
10.5.3) (06 Haziran 2019)
fenolojik gelisme déneminde vyapilan istatistik
onemli

baglama (Feekes

sonucunda
dikkat
belirlenmistir. Ozellikle dane baglama
10.5.3) donemi istatistiki degerlendirmelerinde
yonlyle onemli olarak (F=31.04, df= 3; p<0.000)
bulunmustur. Demir 2000 cesidini Kenanbey cesidi

degerlendirme farklihgin

oldugu ve cekici dizeyde oldugu

(Feekes

takip etmis olup, bitiin fenolojik dénemlerde
yiksek hastalik siddeti degerleri belirlenmistir.
Ozellikle suit olum (Feekes 10.5.4) dénemde (15
istatistiki
olusan farkhliklarin o6nemli ve dikkat cekici
(F=20.517, df= 3; p<0.000) oldugu tespit edilmistir.
2000 cesitleri
fenolojik donemlerde hastalik siddetinden en fazla

Haziran) yapilan degerlendirmelerde

Kenanbey ve Demir bitilin
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etkilenen cesitler olarak belirlenmis olup, yiiksek
hastallk siddeti degerleri dikkat ¢ekicidir.
Ciceklenme baglangici (Feekes 10.5.1) donemin de,
Demir 2000 gesidinde hastalik inokule edilmeyen
grupla karsilastirildiginda istatistiki olarak hastalik
uygulama dozlari arasindaki farkhligin 6nemli
oldugu, dane baglama (Feekes 10.5.3) dénemde
ise hastallk  inokule  edilmeyen  grupla
karsilastirihdiginda %50 ve %100 hastalik
uygulama dozlari ve hastalik siddeti arasindaki
istatistiki farklarin 6nemli oldugu belirlenmistir
(Cizelge 4).

Genel olarak makarnalik cesitlerin sari pas
hastaligina olan reaksiyonlari degerlendirildiginde;
Fenolojik donemler birlikte degerlendirildiginde,
farkli  hastalik uygulama dozlarinin  hastalik
reaksiyonlari incelendiginde, hastalik siddetinin
ilerleyen fenolojik donemlerle birlikte artis egilimi
gosterdigi belirlenmistir.

En fazla hastalik siddeti artisinin, Kiziltan 91
cesidi disindaki ¢esitlerde mevsim i¢i erken dénem
(25 Mayis 2019) olan giceklenme baslangicinda
(Feeks  10.5.1) gergeklestigi  belirlenmistir.
Eminbey, ciceklenme baslangici (Feekes 10.5.1)
donemde hastaliktan en fazla etkilenen (F=75.272,
df= 3; p<0.000) cesit olarak belirlenmistir. Kiziltan
91 c¢esidinde dane baglama (Feekes 10.5.3)
doneminde (06 Haziran 2019) hastalik siddetinde
onemli artislar (F=30.163, df= 3; p<0.000)
belirlenmistir. Bu durumu sirasiyla yine ayni
donemde artis gosteren Eminbey cesidi (F=28.947,
df= 3, p<0.000) ve sararma (Feekes 10.5.4)
doneminde artislar gozlenen Cesit-1252 c¢esidi
(F=13.379, df= 3, p<0.000) takip etmistir. Tim
fenoljik donemler birlikte degerlendirildiginde en
dikkat cekici hastalik siddeti artislari ciceklenme
baslangici (Feekes 10.5.1) déneminde Eminbey
gesidinde %100 hastalik uygulama dozunda
+%335.52 artis olarak belirlenmistir. Bu donemi
+%58.83 artisla dane baglama (Feekes 10.5.3)
donemi ve +%25 artisla sararma (Feekes 10.5.4)
doneminin takip ettigi saptanmistir. Kiziltan 91
cesidi, dane baglama (Feekes 10.5.3) doneminde
yiksek diizeyde hastaliktan etkilenmis (+%238.74)
olup, bu cesidi Eminbey cesidi takip etmistir. Dane
baglama (Feekes 10.5.3) dénemin de Mirzabey
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2000 cesidinde hastalik siddetinde 6nemli artislar
belirlenmistir.

Batin fenolojik gelisme dodnemleri birlikte
degerlendirildiginde; Hastalik siddetinden en fazla
etkilenen ekmeklik ¢esit Bayraktar 2000 olup, bu
cesidi yine ayni donemlerde Demir 2000 cesidi
izlemektedir. Hastallk siddetinden en fazla
etkilenen  makarnalik  gesitlerin  giceklenme
baslangici (Feekes 10.5.1) donemde, Eminbey ve
Mirzabey 2000 cesitleri oldugu, sararma (Feekes:
10.5.4) doneminde ise Kiziltan 91 ve Cesit-1252
cesitleri oldugu belirlenmistir. Hastaligin siddetinin
ilerleyen fenolojik donemlerde artis egilimi icinde
oldugu saptanmistir (Cizelge 8).

Sari pas hastaligi (rediosporlari bugdayin
basaginin ¢ikmasindan giceklenme devresine kadar
inokule edebilir ve belirtiler enfeksiyondan 10-20
glin sonra gorilebilmektedir (Wellings, 2003). Bu
bilgi ile ylratilen galisma sonuglari 6rtiismektedir.

Ciceklenme zamani ve morfolojik 6zellikler gibi
cevre kosullarinin sari pas hastaligi enfeksiyonlari
Uzerindeki etkilerinin sinirli diizeyde bilgi olmakla
birlikte, ciceklenme evresindeki nem ve sicakhk
hastaligin  ortaya c¢ikisinda etkili faktorlerdir
(Cromey, 1989). Kiiresel ilkim degisikligi nedeniyle,
bircok bugday uretim alanindan sicakliklarin
artmasi  beklenilmektedir. Bugdayin  gelisim
donemi sirecinde sapa kalkma, ciceklenme ve
dane baglama doénemlerinde ortaya ¢ikan bu
degisimler pas hastaliklarinin  artmasina ve
beklenen verim diizeyine ulasilmasinda 6nemli
tehditler olusturabilir. Ornegin ingiltere’ de sera
sartlarinda vydiritilen bir c¢alismada, bugdayda
yapilan gaz emisyon c¢alismalari bugday da basak
olusumu sliresinin  13-19 giin  azalabildigi
bildirilmistir (Harkness vd., 2020). Erken bitki
gelisme ile birlikte hastaligin daha erken goriilmesi
beklenebilir. Bu durum erken dénemde hastaligin
dogru teshis edilmesi icin ve kontrol edilmesi icin
calismayr daha  dikkat c¢ekeci  olacagini
dislindirmektedir.

Sonuglar

Calisma oncesinde bilindigi gibi Eser cesidinin
dayanikli reaksiyon grubunda oldugu bu calisma ile
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yine belirlenmistir. Hastalik uygulama dozlan ile
hastalik siddeti arasindaki iliski incelendiginde,
Bayraktar 2000, Kenanbey, Demir 2000 gesitlerinin
(Eser gesidi harig) artan hastalik uygulama dozu
hastalik siddetinde
diizeylerde artisa neden oldugu belirlenmistir. Bu

uygulamalarinin degisen
durum bir genelleme olarak artan patojen miktari
veya sayisl ile hastaligin gérilebilme ve epideminin
siddetinin artmasi ile uyumludur.

Eser cesidi disindaki diger diger test edilen tiim
cesitlerin sari pas hastaligina reaksiyonlarinin
hassas grupta yer aldigi belirlenmistir. Akan vd.
(2012) tarafindan Ankara lokasyonunda yapay
epidemi altinda yuritilen bir arastirma da ayni
etmene karsi ylritilen ¢alisma sonucu ekmeklik
grup da yer alan Demir 2000 ¢esidinin dayanikli,
Eser g¢esidinin hassas makarnalik grup da yer alan
Cesit-1252 orta dayanikli, Kiziltan 91 orta dayanikli
reaksiyonlarini rapor etmistir. Yirttien calismada
ekmeklik grupda yer alan Demir 2000 cesidinin
hassas, Eser c¢esidinin dayanikh reaksiyonu
belirlenirken makarnalik grup da yer alan Cesit-
1252 ve Kiziltan 91 cgesitlerinin reaksiyonu orta
hassas  olarak  belirlenmistir. ki
dikkat ¢ekici

Makarnalik grup da yer alan Mirzabey 2000

¢alisma
reaksiyonlarini dizeyde farkhdir.
cesidinin reaksiyonu orta hassas olarak belirlenmis
olup iki ¢alisma bu reaksiyonlar yoniyle
ortismektedir. Ay (2013) tarafindan 2009 ve 2010
yilllarinda Adana

lokasyonunda dogal epidemi

altinda ayni etmene karsi vyiritilen c¢alisma
sonucu ekmeklik grup da yer alan Bayraktar 2000
¢esidinin immun reaksiyon, Demir 2000 ¢esidinin
dayanikh (2009) ve immun (2010), Eser gesidinin
orta dayanikli reaksiyonlarini rapor etmistir.
Yiritien calismada ekmeklik grupda yer alan
Bayraktar 2000 cesidi orta hassas reaksiyonu,
Demir 2000 c¢esidinin hassas, Eser c¢esidinin
dayanikli reaksiyonu belirlenmis olup iki calisma
bu reaksiyonlar yoniyle ortiismektedir. Gerek
Akan vd. (2012) gerekse Ay (2013) tarafindan
ylritilen c¢alisma reaksiyonlari ile vydritilen
calismamnin sonuglarinin 6rtismemesi su sekilde
aciklanabilir. Akan (2019) sari pas hastaliginin 3
baskin (dominant) popilasyonlarina karsi 2006-

2016 vyillar arasinda test ¢alismasi yurataldagini
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bildirmis olup konukgu patojen iliskisine vurgu
yaparak degisen hastalik popilasyonu ile konukgu
reaksiyonlarinin degisebildigini ortaya koymustur.
Her (¢ arastirmada da calismanin yirataldagi
yilda baskin hastalik populasyonu kullanildigi igin
daha 6nce benzer olarak yiritilen ¢alismadan
farkh reaksiyonlarin belirlenmesi, degisen hastalik

popilasyonun nedeniyle test materyalinin
reaksiyonun degismesi olarak yorumlanmistir.
Demir vd. (2017) tarafindan  Sakarya

lokasyonunda dogal epidemi altinda 2015 ve 2016
yihinda vydritilen bir arastirmada ayni etmene
karsi yurutulen ¢alisma sonucu ekmeklik grupda
yer alan Bayraktar 2000 cesidi 2015 yilinda orta
hassas, 2016 yilinda immun reaksiyon gozlendigi,
Demir 2000 cesidi 2015 yilinda dayanikli, 2016
yiinda immun reaksiyon gozlendigi, Eser cesidi
2015 ve 2016 yilinda immun reaksiyon gozlendigi,
Kenanbey cesidi 2015 yilinda orta hassas, 2016
yiinda hassas reaksiyon gozlendigi bildirilmistir.
Calismanin ayni lokasyonda yiritilmesine ragmen
her iki yilda ayni reaksiyonlarinda yer almamasi
nedeniyle ylratilen galisma ile bu g¢alismanin
sonuclarin tartisiimasi mimkdn olamamustir.

Cat (2022) tarafindan Antalya lokasyonunda
altinda 2017 ve 2018 vyilinda
ylritilen bir arastirma da ayni etmene Kkarsi

dogal epidemi
yluritilen calisma sonucu makarnalik grup da yer
alan Cesit-1252 ¢esidi 2017 yilinda (20R, EK: 4)
2018 vyilinda (10R, EK:2) dayanikh
reaksiyon gozlendigi, Eminbey cesidi 2017 yilinda
(20MR, EK: 8) orta dayanikl, 2018 yilinda (30MS,
EK:6) orta dayanikli reaksiyon goézlendigi, Kiziltan
91 c¢esidi 2017 yiinda (0, EK: 0) immun, 2018
yiinda (30R, EK:18) orta dayanikh reaksiyon
gozlendigi,Mirzabey 2000 c¢esidi 2017 vyilinda
(20MS, EK: 12) orta dayanikli, 2018 yilinda (30MR,
EK:12)
bildirilmistir. iki c¢alismanin sonuglarinin kismen

dayanikli,

orta dayanikli reaksiyon gozlendigi
benzer oldugu degerlendirilmistir.

Hiperspektral veriler kullanilarak bugdayda sari
pas hastaliginin takibinde ekmeklik ve makarnalik
etkili

bulunmustur. Hastalik siddetinden butin fenolojik

cesitlerde dane dolumu donemi

dénemler dikkate alindiginda en fazla etkilenen

cesit Bayraktar 2000 olurken, makarnalk
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cesitlerden ise ciceklenme baslangici doneminde
Eminbey ve Mirzabey 2000 c¢esitleri, sararma
Cesit-1252
cesitlerinde daha fazla hastalik degerlendirilmistir.

doneminde ise Kiziltan 91 ve
Calisma gelecege doniik olarak farkl lokasyonlarda
farkh cesitlerle yapilarak, elde edilen sonuglarin
hasat ©ncesi verim kayiplarinin erken tahmin
edilebilecek olmasina

Istk tutmasi agisindan

faydalar saglayacaktir.
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Trabzon hurmasi, yiksek oranda biyoaktivite

0z

Calismada endustriyel kurutma teknigi ile 4 farkli trabzon hurmasi gesidine ait taze ve
kurutulmus meyvelerin biyokimyasal iceriklerinde meydana gelen degisiklikler arastirilmistir.
Bu amagla, trabzon hurmasi meyveleri 65°C kurutma havasi ile bagil nemi %10 ve rin nihai
nem degeri olarak %10 nem icerigi olacak sekilde kurutulmustur. Daha sonra taze ve
kurutulmus meyvelerde biyokimyasal analizler yuratilmastir. Trabzon hurmasi
meyvelerinde kurutma islemi sonrasi, toplam flavonoid iceriginde artig gdzlenirken, toplam
fenolik madde, toplam antioksidan kapasite, ¢o6ziinebilir tanen icerigi ve fenolik bilesenlerde
azalmanin oldugu saptanmistir. Dolayisiyla tlketicilerin bu hususu g6z 06nlinde
bulundurmalari 6nerilmektedir.

Anahtar Kelimeler: Antioksidan kapasite, , Fenolik bilesen, Flavonoid igerik, Toplam fenolik
madde

ABSTRACT

In the study, changes in the biochemical contents of fresh and dried fruits of 4 different
persimmons cultivars were investigated with an industrial drying technique. For this
purpose, persimmon fruits were dried with 65 °C drying air with a relative humidity of 10%
and a final moisture content of 10% of the product. Then, biochemical analyzes were carried
out in fresh and dried fruits. After drying, an increase was observed in the total flavonoid
content of persimmon fruits, while a decrease was observed in total phenolic substance,
total antioxidant capacity, soluble tannin content and phenolic components. Therefore, it is
recommended that consumers take this into consideration.

Key Words: Antioxidant capacity, , Phenolic compounds, Floavonoid content, Total
phenolic content

ark., 2015; Yaqub ve ark., 2016; Persic ve ark.,
2019). Ayrica meyvelerinde flavonoid, tanenler,
fenoller, C vitamini ve kafein bulunmaktadir

sunan ve bircok makro ve mikro element iceren bir
meyve turadir. Bu maddeleri farkli arastiricilar
karbonhidratlar, organik asitler, fenolik bilesikler,
antioksidanlar, karotenoidler ve tanenler seklinde
(Veberic 2010;
Hernandez-Carriodn ve ark., 2014: Sentandreu ve

siniflandirmiglardir ve ark.,

207

(Matsuo ve Ito, 1978; Jo ve ark., 2003). Ozellikle

yapraklarinda bulunan katesin, kaemferol ve
kuersetin gibi flavonoid bilesiklerin  gliclQ
antioksidan aktiviteye sahip olduklari

bilinmektedir (Morel ve ark., 1993; Birt ve ark.,
2001; Demir ve Basayigit, 2022).
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tadi, lifli yapisi, icerdigi
vitaminler ve fenolik maddeler nedeniyle bircok
Ulkede siklikla
turlerinden biridir (Kluge ve Tessmer,
2018).

tarlerinin

Trabzon hurmasi,
tiketilen klimakterik meyve
2018;
Milczarek ve ark., Klimakterik olarak

adlandirilan  meyve uzun  sireli
depolanmasi mimkin degildir. Bu tir meyve ve
sebzelerin bozulmadan ve kalitesini koruyarak
uzun sure saklanabilmeleri igin uygulanan
yontemlerden birisi olan kurutma, en eski ve
uygulama alani en genis olan yontemdir. Bu
yontem meyve ve sebzelerin sogutularak,
dondurularak, kimyasal maddelerle islemlerden
gecirilerek, oksijensiz ortamda depolanarak,
ultraviyole ve radyoaktif i1sinlardan yararlanmak
suretiyle uzun slre saklanmasini  mimkiin
kilmaktadir (Yagcioglu 1996; Mutlu ve Erglines,
2008). Kurutulmus urinler, 1sitilmis hava ile uzun
sureli temastan dolayl besin ve duyusal kalite
kaybina ugrayabilmektedir (de Mendonca ve ark.,
2017). Bu istenmeyen degisiklikleri azaltmak igin
(OD)

kullaniimaktadir (Correa ve ark., 2011; Prosapio ve

ozmotik dehidrasyon gibi 6n islemler

Norton, 2017). Trabzon hurmasinda kurutma
islemi sadece uzun slreli muhafazayl degil ayni
zamanda bazi gesitlerde ¢6ziinilr tanen igeriginde
azalmayi da saglamaktadir. Boylece, meyvelerdeki
buruk tat engellenmektedir (Khademi ve ark.,
2019). Nitekim Akyildiz ve ark. (2004), buruk
olmayan tat ve parlak rengin, kurutulmus
hurmalarda tercih nedenlerinden biri oldugunu
bildirmislerdir.

Kurutma islemi sirasinda, gecici I1sI ve kararsiz
nem transferi ayni anda meydana gelmektedir.
Boylece meyvelerde kurutma islemi sirasinda nem
ve mikrobiyolojik aktivite dnemli 6lclide diismekte
ve depolama sirasinda fizikokimyasal degisiklikler
en aza inmektedir (Oztop ve Akpinar, 2008).
Meyvelerin kurutulmasinda kullanilan geleneksel
bir yontem olarak, gineste kurutma teknigi
ekonomik olmasina ragmen etkinligi tamamen
iklim kosullarina baglidir. Ayrica bu teknik irtinin
homojenligi ve kalitesi Uizerinde istenmeyen
etkilere neden olabilmektedir. Buna ek olarak,
UrGinlerin patojen veya tozla kontamine olma

riskini arttirmaktadir (Carcel ve ark., 2007). Bu
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olumsuz nedenlerden dolayl glinimiizde giines

veya konvektif kurutucular gibi endustriyel
kurutucular da meyvelerin kurutulmasi igin yaygin
olarak kullanilmaktadir (Oztop ve Akpinar, 2008).
Bolek ve Obuz (2014)
(Diospyros kaki 'Fuyu') tg farkl sicaklikta (6 saat
50°C’de, 4 saat 65°C'de, 3 saat 80°C) dilimlenmis

meyveleri kurutmuslar ve calisma sonucunda en

trabzon hurmasinda

uygun kurutma sicakliginin 65°C'de oldugunu
bildirmislerdir. Yine Jia ve ark. (2019) g farkl
kurutma tekniginin (sicak hava, sicak hava-
mikrodalga kombinasyonu ve vakumlu dondurarak
kurutma yontemleri) hurma cipsi 6zellikleri lizerine
Sonucta

mikrodalga kurutma tekniginin, dusik isletme

etkisini incelemislerdir. sicak hava-
maliyetlerinin yani sira ylksek kalite ve besin
degerlerine sahip hurma cipslerinin islenmesinde
kullanilabilecegini bildirmislerdir. Yiritilen bazi
calismalarda arastiricilar, sicak hava-mikrodalga
tadi

biyokimyasal iceriklerin korunmasi yoéniinden daha

kombinasyonunun  meyve rengi, ve
uygun oldugunu bildirmislerdir (Maskan, 2000;
Horuz ve Maskan, 2013; Kone ve ark., 2013).

ulkede

yetistiriciliginin  yapildigi

hurmasi
Ancak
Ege

Diinyada bircok trabzon

bilinmektedir.
Ulkemiz  degerlendirildiginde  6zellikle
Bolgesinde trabzon hurmasi Uretiminin onemli
diizeyde arttigi tespit edilmistir. Denizli ilinin 2012-
2021 yillari arasinda trabzon hurmasi yetistiriciligi
icin tesis edilen bahcge sayisinin %66 oraninda
2022 yih

incelendiginde, Ulkemizde 97.560 ton trabzon

arttigi  saptanmistir.  Yine verileri
hurmasi Uretildigi ve Denizli ilinin Uretimde
dordincti sirada (5.766 ton) yer aldigi dikkati
cekmistir (TUIK, 2022). Dolayisiyla c¢alismada,
Denizli bolgesinde liretimi her gecen yil artan ve
ekonomik 6nemi olan 4 farkh trabzon hurmasi
("Fuyu’, ‘Hachiya’, ‘Hana Fuyu’ ve ‘Rojo Brillante’)
cesidine ait taze ve endistriyel kurutma teknigi (
65 °C kurutma havasi ile bagil nemi %10 ve (riin
nihai nem degeri olarak %10 nem igerigi olacak
sekilde) ile kurutulmus meyvelerin biyokimyasal
iceriklerinde  meydana

gelen  degisiklikler

arastirilmistir.
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Materyal ve Metot

Materyal
Bitkisel materyal

Calismada Denizliilindeki iretici bahgesinde yer
alan D. lotus anaci Uzerine asih, 5 yash "Fuyu’,
‘Hachiya’, ‘Hana Fuyu’ ve ‘Rojo Brillante’ cesitleri
kullanilmistir. Fuyu; meyveleri buruk olmayan, orta
iri-iri, basik yuvarlak sekilli, koseli, meyve et rengi
kararli ve turuncu renklidir (Kitagawa ve Glucina,
1984; Onur, 1990; Tuzcu ve Yildinm, 2000).
Hachiya; agaclari yari dik ve yayvan gelisim
gosteren meyveleri iri ve yeme kalitesi iyi olan
meyve kabuk rengi kirmizimsi turuncu olan bir
2008).
meyveleri iri, basik yuvarlak sekilli ve koselidir.

cesittir (Celik ve Ercisli, Hana Fuyu;
Meyve kabugu sert ve oldukga parlak, turuncu -

kirmizi renkli ve buruk olmayan bir g¢esittir
(Kitagawa ve Glucina, 1984; Miller ve Crocker,
1992). Rojo Brillante; meyvesi iri ve uzunumsu olan

bu cesit buruk bir tada sahiptir. Meyve eti sert

olmakla beraber, lezzetli bir aromaya sahiptir
(Plaza ve ark., 2012).
Metod

Analizler Isparta Uygulamali Bilimler
Universitesi, Ziraat Fakdltesi, Bahce Bitkileri
bolimi laboratuvarlari ile Sileyman Demirel

Universitesi, Gida Miihendisligi laboratuvarlarinda
yarGttlmastar.

Meyvelerin kurumaya alinmasi

Calismada kullanilan 4 farkli ¢esit trabzon
Gida
islemler

hurmasi Sileyman Demirel Universitesi
Mihendisligi

laboratuvarinda bulunan kabin tipi kurutucuda

Bolima temel

endustriyel kurutma islemine tabi tutularak
kurutulmustur. Endustriyel kurutma isleminin
kontrol edilebilen parametrelerine  yonelik

araliklarin belirlenmesinde literatlir verilerinden
yararlanilmistir. Bu amag dogrultusunda, Tiilek ve
Demiray (2014) tarafindan belirtilen kurutma
teknigi kullanilmistir. Meyveler 65 °C kurutma
havasi ile bagil nemi %10 ve (riin nihai nem degeri
%10
kurutulmustur. Her bir c¢esit icin kurutmada ayni

olarak nem icerigi olacak sekilde
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miktarda Griin tartilmis (1400 g) ve kurutmalar 3
tekerrir her tekerrirde 10’ar meyve olacak sekilde
gercgeklestirilmistir. Kurutmalar tamamlandiktan
sonra Urinler nem bariyerine sahip polietilen (PE)
torbalarda vakum altinda paketlenmistir.

Taze ve kuru meyvelerde tanen miktari
(1996)
tarafindan belirtilen Folin-Denis metoduna gore

Meyvelerin tanen igerikleri Taira
spektrofotometrede belirlenmistir. Sonuglar g

gallik asit (GAE) 100 g* seklinde ifade edilmistir.

Taze ve kuru meyvelerde toplam fenolik igerigi

Toplam fenolik madde iceriklerinin
belirlenmesinde Singleton ve Rossi (1965) nin
belirledigi Folin- Ciocalteau metodu kullaniimistir.
Renk gelisiminden sonra orneklerin absorbans
degerleri 760 nm dalga boyunda okutulmustur.
Sonuglar mg gallik asit esdegeri (GAE) g* seklinde

ifade edilmistir.

Taze ve kuru meyvelerde toplam flavonoid igerigi

Toplam flavonoid igerigi Kim ve ark. (2003)
tarafindan belirtilen yonteme goére yapilmistir.
Renk gelisiminden sonra Orneklerin absorbans
degerleri 517 nm dalga boyunda okutulmustur.
Sonuglar mg katesin esdegeri (CE) g* seklinde ifade
edilmistir.

Taze ve kuru meyvelerde toplam antioksidan
kapasitesi

Toplam antioksidan kapasitesi Kumaran ve
Karunakaran (2006) tarafindan belirtilen DPPH
(1,1-diphenyl-2- picrylhydrazyl) yontemine gore
ylrGtilmustir. Reaksiyon sonucunda orneklerin
absorbans degerleri 517 nm dalga boyunda

spektrofotometrede oOlglilmustir.

Taze ve kuru meyvelerde fenolik bilesenlerin
belirlenmesi

Meyvelerin fenolik bilesenleri Artik ve ark.
(1999)'nin belirttigi yonteme goére HPLC araciligiyla
belirlenmistir. Bu amacla meyvelerde gallik asit,
klorogenik asit, cafeic asit, p-cumaric asit, ferulik
katesin, epikatesin, kamferol,

asit, kuersetin,

naringin ve sinamik asit bilesenleri incelenmistir.



Kilig ve ark., 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(2): 207-216

Istatistik analizler

Deneme tesaduf parsellerinde faktoriyel

deneme desenine gore 3 tekerriir ve her
tekerriirde 3 aga¢ olacak sekilde planlanmistir.
iki faktorli (Cesitler

Taze*kurutulmus meyve) olacak sekilde veriler

Elde edilen veriler ve
MINITAB paket programi kullanilarak analiz edilmis
olup, 6nemli ¢ikan ortalamalar arasindaki farkhlik
Tukey coklu karsilastirma testine (p<0.05) goére
belirlenmis ve farkli harfler ile gosterilmistir.

Arastirma Bulgulari ve Tartisma

Arastirmada trabzon hurmasi cesitlerine ait taze
ve kurutulmus meyvelerin biyokimyasal icerikleri
incelenmis ve uygulamalar (taze*kurutulmus
meyveler) ve tim o6zellikler dikkate alindiginda
cesitler arasinda interaksiyon tespit edilmemistir.
Taze ve kurutulmus trabzon hurmasi meyvelerinin
toplam flavonoid ve toplam fenolik madde igerigi
Cizelge 1'de sunulmustur. Buna gore flavonoid
madde bakimindan ‘Hachiya*Kurutulmus meyve’,
‘Hana Fuyu*Kurutulmus meyve’ ve
Fuyu*Kurutulmus meyve’ ornekleri ayni istatistik
grupta yer almisken ‘Rojo Brillante*Kurutulmus
meyve’, ‘Hana Fuyu*Taze meyve’ ve ‘Fuyu*Taze
meyve’ Ornekleri farkh gruplarda yer almistir.
‘Hachiya’,

‘Hana Fuyu’ ve ‘Fuyu’ cesitlerinde

kurutulmus  meyvelerde toplam flavonoid
iceriginin taze meyvelere gbre daha yliksek
(sirasiyla, 7.32, 7.61, 7.15 mg CE g!) ancak ‘Rojo

Brillante’ cesidinde ise daha dusuk (4.63 mg CE g1)

oldugu saptanmistir.  Bu durumun ¢esit
ozelliginden  kaynaklandigi  distnilmektedir.
Toplam fenolik madde icerigi bakimindan

degerlendirildiginde ‘Rojo Brillante*Taze meyve’
ve ‘Hana Fuyu*Taze meyve’ orneklerinin istatistik
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olarak ayni grupta yer aldiklari ve en yliksek fenolik
madde igerigine sahip olduklari belirlenmistir
(sirastyla, 30.96 ve 29.13 mg GAE g!). ‘Rojo
Brillante*Kurutulmus meyve’, ‘Hana
Fuyu*Kurutulmus meyve’ ve ‘Fuyu*Kurutulmus
meyve’ orneklerinin ise en dislik toplam fenolik
madde icerigine sahip olduklari ve ayni istatistik
grupta yer aldiklari saptanmistir (sirasiyla, 12.46,
13.67 ve 17.31 mg GAE g'!). Akyildiz ve ark. (2004)
60°C’de kurutmaya tabi tuttuklari trabzon hurmasi
meyvelerinin toplam fenolik madde igeriginde %79
oraninda azalmanin oldugunu saptamislardir.
Karaman ve ark. (2014) dustk sicaklikta kurutma
asamasinda ve kurutulduktan sonra trabzon
hurmasi meyvelerinde organik asitlerde
degisimlerin oldugunu bildirmislerdir. Arastiricilar
en yiksek fenolik bilesen ve seker (glukoz ve
fruktoz) igeriginin tam olgun zamaninda oldugunu
kurutma sonrasi fenolik bilesenlerin azaldigini
tespit etmislerdir. Ayni zamanda ¢alismalarinda
toplam fenolik madde ve tanen igeriklerinin de
olgunlasmaya bagh olarak azaldigini ve en disik
fenolik madde igeriginin kurutma sonrasi elde
edildigini saptamiglardir. Karhan ve ark. (2003)
taze trabzon hurmasi  meyvelerinin, tam
olgunlasmis meyvelerden daha yuksek toplam
fenolik madde icerdigini bildirmislerdir. Zhao ve
ark. (2021), farkh kurutma kosullari altinda trabzon
hurmasi meyvelerinde fenolik bilesen, toplam
fenolik madde ve flavonoid igeriginde dususlerin
meydana geldigini tespit etmislerdir. Calismamizda
da

analizinde meyvelerin yilksek oranda biyoaktif

kurutma Oncesi yapilan fenolik bilesen

bilesen icerdigi ancak kurutma sonrasi fenolik

bilesenlerde azalmalarin gerceklestigi

belirlenmistir.
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Cizelge 1. Taze ve kurutulmus meyvelerin toplam flavonoid madde ve toplam fenolik madde igerikleri
Table 1. Total flavonoid and total phenolic contents of fresh and dried fruits

Cesitler Toplam flavonoid madde (mg CE g?) Toplam fenolik madde (mg GAE g1)
Cultivars Total flavonoid content (mg CE g™%) Total phenolic content (mg GAE g)
Taze meyve Kurutulmus meyve Taze meyve Kurutulmus meyve
Fresh fruit Dried fruit Fresh fruit Dried fruit
Hachiya 4,5710,05 Bb*Y* 7.32+0.45 Aa 26,90+5,07 Aab 18.12+2.88 Ba
Rojo Brillante 5.59+1.09 ab 4.63+0.24 b 30.96+0.69 Aa 12.46+4.19 Bc
Hana Fuyu 1.89+0.42 Bc 7.61+0.24 Aa 29.13+4.51 Aa 13.67+3.33 Bc
Fuyu 1.6140.35 Bc 7.15+1.50 Aa 21.96+2.50 Ac 17.31+0.72 Bb

X: Farkh harfle gosterilen ortalamalar arasindaki fark p <0.05 diizeyinde 6nemlidir.
Y: Buyik harfler Taze*Kurutulmus meyve arasindaki farki gostermektedir.

Z: Kiiglk harfler gesitler arasindaki farki gostermektedir.

Arastirmada taze ve kurutulmus trabzon
hurmasi meyvelerinin ¢6ziinebilir tanen igerigi ve
toplam antioksidan kapasitesi Cizelge 2’de
sunulmustur. Buna gore cesitler arasinda taze
meyvelerde en yliksek ¢dziinebilir tanen igeriginin
‘Hachiya’ cesidinde oldugu (0.60 g GAE 100g?)
tespit edilmistir. Diger cesitlerin ise ayni istatistik
grupta yer aldiklari ve aralarindaki istatistik olarak
farkin 6nemli olmadig (p <0.05) belirlenmistir.
Kurutulmus meyveler cesitler bazinda
degerlendirildiginde yine en yliksek ¢0Ozlinebilir
tanen ‘Hachiya’ cesidinde oldugu
saptanmistir. Kurutma sonrasi tim c¢esitlerde

¢Ozlinebilir tanen iceriginde azalmalarin oldugu ve

iceriginin

cesit 6zelinde yapilan istatistiksel analiz sonucunda
bu azalmanin 6nemli oldugu saptanmistir (p <0.05).
Ayrica ‘Hachiya’ cesidinde en yiiksek ¢ozlinebilir
tanen icerigi belirlenmesine karsin, yine en yuksek
dists (%31) bu cesitte gerceklesmistir. Trabzon
hurmalarinda bulunan ve buruk tada neden olan
tanenler, suda c¢o6ziinen ve suda ¢Oziinmeyen
olmak Uzere iki ana gruptan olusmaktadir. Suda
¢OzlinUir tanenler, hurmalarin buruk tadi ve
enzimatik esmerlesmesi ile iligskilendirilmistir
(Chung ve ark., 2017). Zhao ve ark. (2021) kurutma
sicakhgl arttikca ¢O6zlnlir tanen igeriginde
azalmalarin oldugunu aksine ¢6ziinmeyen tanen
iceriginin ise kurutma sicakhginin artmasiyla
onemli dlclide arttigr bildirmislerdir. Bu durumu,
¢OzUinlr tanenin, islemi
¢o6zlinmeyen tanene donlstirilebilecegi seklinde
aciklamislardir. Nitekim Gonzalez ve ark. (2022) 40

ve 60°C’'de kuruttuklar farkh trabzon hurmasi

kurutma sirasinda

meyvelerinin  tanen iceriklerinde azalmanin
oldugunu tespit etmislerdir. Homnava ve ark.
(1991), meyve gelisiminin ilk doneminde ¢6zlnlr

tanenlerde 6nemli bir artis oldugunu ve 45°C’'de
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optimal enzim aktivite gosterdigini ancak sicaklik
arttikca, enzim aktivitesinde dislis meydana
geldigini tespit etmislerdir. Arastiricilar, tanen
miktarindaki duslsin seker ile iliskili oldugunu
ortaya koymuslardir. Cinki kristal haldeki seker
isil islem ile birlikte ag¢iga c¢ikmakta, dolayisiyla
meyve tatlanmaktadir. Calismamizda da kurutma
islemi iceriklerinde

sonrasi meyvelerin tanen

arastiricillarin sonuglarina paralel olarak
azalmalarin oldugu saptanmistir. Nitekim Gonzalez
(2021)

formdaki tanenin ¢6zlinemez duruma donlistigu

ve ark. Isil islem sonrasi ¢ozlnebilir
ve bu nedenle tanen miktarinin azaldigi seklinde
aciklamiglardir.  Calismada antioksidan kapasite
acisindan taze ve

kurutulmus  meyvelerin

antioksidan kapasitelerinde c¢esitler bazinda
farkhliklarin oldugu ve bu farkin istatistiksel olarak
onemli (p <0.05) oldugu belirlenmistir. Cesitler
bazinda degerlendirildiginde en ylksek
antioksidan kapasitenin ‘Fuyu’ cesidinde (11.51 mg
TEAC g') en disiik antioksidan kapasitenin ise
‘Hachiya’ cesidinde (5.32 mg TEAC g) oldugu
belirlenmistir. Kurutulmus meyvelerde ise en
ylksek antioksidan kapasitenin ‘Hana Fuyu’ (4.21
mg TEAC g1) en disiik antioksidan kapasitenin ise
‘Hachiya’ cesidinde (1.79 mg TEAC g') oldugu
saptanmistir.  ‘Fuyu’ cesidinin kurutma islemi
sonrasi yaklasik olarak %73 oraninda antioksidan
kapasitesinde azalmanin oldugu tespit edilmistir.
Park ve ark. (2006), trabzon hurmasi meyvelerini
gineste (1 ay sireyle) ve 60°C'de (12 saat siireyle)
kurutmuslar ve bu islemlerin meyvelerin besin,
mineral ve toplam fenolik madde icerikleri ile
Uzerine  etkilerini

antioksidan aktiviteleri

arastirmislardir. Taze hurmalarin polifenol ile
antioksidan igeriklerinin kuru meyvelere gére daha

yiksek bulunmasina ragmen kuru hurmalarin da
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antioksidan igeriginin yadsinamayacak dizeyde

olduklarini  belirtmislerdir.  Benzer  sekilde

Milczarek ve ark. (2020) kurutma sonrasi

meyvelerdeki antioksidan igeriklerinin azaldigini
bildirmislerdir.

Cizelge 2. Taze ve kurutulmus meyvelerin ¢ozlinebilir tanen igerigi ve toplam antioksidan kapasitesi
Table 2. Soluble tannin content and total antioxidant capacity of fresh and dried fruits

Cesitler Coéziinebilir tanen icerigi (g GAE 100g™) Toplam antioksidan kapasite (mg TEAC g'%)

Cultivars Soluble tannin content (g GAE 100g™) Total antioxidant capacity (mg TEAC g)
Taze meyve Kurutulmus meyve Taze meyve Kurutulmus meyve
Fresh fruit Dried fruit Fresh fruit Dried fruit

Hachiya 0.60+0.01 Aa*Y? 0.41+0.01 Ba 5.32+1,68 Ac 1.79+0.44 Bb

Rojo Brillante 0.48+0.04 Ab 0.321+0.03 Bab 6.861£0.19 Abc 2.52+0.41 Bb

Hana Fuyu 0.45+0.02 Ab 0.28+0.02 Bb 8.72+2.49 Ab 4.21+1.11 Ba

Fuyu 0.41%0.05 Ab 0.25+0.05 Bb 11.51+3.64 Aa 3.12+0.21 Bab

X: Farkh harfle gosterilen ortalamalar arasindaki fark p <0.05 dizeyinde 6nemlidir.
Y: Blyuk harfler Taze*Kurutulmus meyve arasindaki farki géstermektedir.

Z: Kuguk harfler gesitler arasindaki farki gostermektedir.

Taze ve kurutulmus trabzon hurmasi
meyvelerinde gerceklestirilen fenolik bilesen analizi
sonucunda, meyvelerin fenolik bilesenlerinin
kurutma sonrasi azaldigi tespit edilmistir (Cizelge 3).
Cesitler  bazinda degerlendirildiginde  taze
meyvelerde en yiksek gallik, klorogenik ve kafeik
asit miktari ‘Rojo Brillante’ ¢esidinde (sirasiyla,
245, 11.20 ve 4.10 pg g'), en dusuk gallik asit
miktari ‘Fuyu’ (49.60 pg g!) cesidinde, en dusuk
klorogenik asit miktari ‘Hachiya’ (4.30 pg g?)
cesidinde ve en disuk kafeik asit miktari ise ‘Hana
Fuyu’ (1.50 pg g?) cesidinde belirlenmistir.
Taze*kurutulmus meyve orneklerinde gallik asit
miktarinda en fazla disls yaklasik %85 oranla
‘Rojo Brilliante” c¢esidinde meydana gelmistir.
Klorogenik asit miktarinda ise en fazla disus %81
oranla ‘Fuyu’ ¢esidinde meydana gelmistir. Kafeik
asit miktarinda ise en fazla distis %87.5 oranla
‘Fuyu’ cesidinde meydana gelmistir. Yine cesitler
degerlendirildiginde; en yliksek katesin, p-kumarik
asit, sinamik asit ve kamferol miktari ‘Fuyu’
cesidinde (sirasiyla, 23.60, 1.80, 2.40 ve 8.80 ug g
1) en diustk katesin ve p-kumarik asit miktar
‘Hachiya’ cesidinde (sirasiyla, 2.10 ve 0.30 pg g),
en dislik sinamik asit ve kamferol miktari ‘Rojo
Brillante’ cesidinde (sirasiyla, 1.40, 4.50 pg g?)
tespit  edilmistir.  Taze*kurutulmus meyve
orneklerinde katesin, p-kumarik ve sinamik asit
miktarinda en fazla dislis ‘Fuyu’ cesidinde
(sirasiyla, %20, %90 ve %83), kamferol miktarinda
%76 oranla ‘Hachiya’ ¢esidinde meydana
gelmistir.  Kurutma ‘Rojo  Brillante’
cesidinde sinamik asit tespit edilememistir. Taze

meyvelerde en yiksek epikatesin miktari ‘Hachiya’

ise
sonrasi
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(25.50 pg g') cesidinde ve en dusuk epikatesin
miktari ise ‘Hana Fuyu’ (4.80 pg g!) cesidinde elde
edilmistir. Taze*kurutulmus meyve 6rneklerinde
en fazla dusls %96.5 oranla ‘Hachiya’ ¢esidinde
meydana gelmis ve ‘Fuyu’ cesidinde kurutma
sonrasi epikatesin tespit edilememistir. Taze
meyvelerde en yiksek kuersetin miktari ‘Hana
Fuyu’ cesidinde (17.90 pg gt) ve en disuk
kuersetin miktari ise ‘Rojo Brillante’ (6.60 pg g1)
cesidinde  belirlenmistir.  Kurutma  sonrasi
‘Hachiya’, ‘Rojo Brillante’ ‘Hana Fuyu’
cesitlerinde kuersetin bileseni tespit edilemezken,

ve

‘Fuyu’ cesinde %77 oraninda azalma meydana
gelmistir. Park ve ark. (2006), taze Trabzon hurmasi
meyvelerinin kuru meyvelere gére daha yliksek
fenolik bilesen icerdigini bildirmislerdir. Bubba ve
ark. (2009), Trabzon hurmasi meyvelerinin
olgunlagsmanin ilk periyodunda yiiksek oranda
fenolik, glukoz ve fruktoz bilesenlerini icerdigini
periyotlarda
saptamislardir. Yine benzer sekilde Gorinstein vd.
(1998) ve Karhan vd. (2003), taze trabzon hurmasi
meyvelerinin, tam olgunlasmis meyvelerden daha
yliksek fenolik madde icerdigini, olgunlasma
periyodu ilerledikce fenolik iceriklerinde de
distslerin oldugunu bildirmislerdir. Zhao ve ark.
(2021), kurutulmus trabzon hurmasi meyvelerinin
taze meyvelerden daha disiuk fenolik bilesen
icerdigini  saptamuslardir. Nitekim calisma
sonucunda elde ettigimiz bulgularin  dnceki
¢alismalar ile uyumlu oldugu ve kurutma sonrasi
fenolik bilesenlerde bozulmalar sonucu distslerin
meydana geldigi bir kez daha vurgulanmistir.

ancak sonraki hizlica azaldigini
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Cizelge 3. Taze ve kurutulmus meyvelerin fenolik bilesen icerikleri

Table 3. Phenolic compound analysis of fresh and dried fruits

Cesitler Gallik Asit (ug g1) Katesin (ug g) Klorogenik Asit (ug g'1) Kafeik Asit (ug g1)

Cultivars Gallic acid (ug g1) Catechin (ug g1) Chlorogenic acid (ug g1) Caffeic acid (ug g1)
Taze meyve Kurutulmus meyve Taze meyve Kurutulmus meyve Taze meyve Kurutulmus meyve Taze meyve Kurutulmus meyve
Fresh fruit Dried fruit Fresh fruit Dried fruit Fresh fruit Dried fruit Fresh fruit Dried fruit

Hachiya 230.6+0.12 Ab*y~? 26.20+0.23 Bb 2.10+0.62 Ad 1.90+0.85 Bd 4.3040.61 Ad 2.104£0.12 Bb 2.50+0.86 Ac 1.30+0.34 Bb

Rojo Brillante 245.0+0.27 Aa 36.80+0.44 Ba 4.90+0.97 Ac 3.30+0.94 Bcf 11.204+0.30 Aa 3.70+0.10 Ba 4.10+0.45 Aa 1.60+0.32 Ba

Hana Fuyu 51.60+0.37 Ac 1.20+0.74 Bc 16.00+0.93 Ab 13.80+0.71 Bb 6.40£0.22 Ac 1.80+0.56 Bc 1.50£0.43 Ad 0.30+0.74 Bc

Fuyu 49.60+0.83 Ad 1.7040.67 Bd 23.60+0.91 Aa 18.80+0.92 Ba 10.20+0.74 Ab 1.9040.44 Bd 4.00£0.39 Ab 0.50+0.40 Bd

X: Farkli harfle gosterilen ortalamalar arasindaki fark p <0.05 diizeyinde 6nemlidir.
Y: Blyuk harfler Tazetespit edilemediKurutulmus meyve arasindaki farki géstermektedir.
Z: Kuguk harfler gesitler arasindaki farki gostermektedir.

Cizelge 3 Devami
Table 3 Continue

Cesitler Epikatesin (ug g1) p-kumarik Asit (ug g'1) Sinamik Asit (ug g1) Kuersetin (ug g1)
Cultivars Epicatechin (ug g) p-cumaric acid (ug g1) Cinamic acid (ug g1) Quercetin (ug g1))
Taze meyve Kurutulmus meyve Taze meyve Kurutulmus meyve Taze meyve Kurutulmus meyve Taze meyve Kurutulmus meyve
Fresh fruit Dried fruit Fresh fruit Dried fruit Fresh fruit Dried fruit Fresh fruit Dried fruit
Hachiya 25.501£0.98 Aa*V:? 1.10+0.58 Bb 0.30+0.61 Ad 0.10+0.77 Bb 1.60+0.19 Ac 0.30+0.24 Bb 12.80+0.58 Ac tespit edilemedi
Rojo Brillante 18.80+0.90 Ab 2.3040.81 Ba 1.4040.87 Ab 0.30+0.34 Ba 1.4040.28 Ad tespit edilemedi 6.60+0.81 Ad tespit edilemedi
Hana Fuyu 4.8040.55 Ad 1.40+0.92 Bc 0.8010.88 Ac 0.10+0.66 Bb 1.70+0.97 Ab 0.4040.49 Ba 17.9040.71 Aa tespit edilemedi
Fuyu 10.90+0.76 ¢ tespit edilemedi 1.80+0.57 Aa 0.10+0.46 Bb 2.4040.33 Aa 0.40+0.86 Ba 13.70+0.94 Ab 3.10+0.45 B

X: Farkli harfle gosterilen ortalamalar arasindaki fark p <0.05 dizeyinde énemlidir.
Y: Blyuk harfler Tazetespit edilemediKurutulmus meyve arasindaki farki géstermektedir.
Z: Kuguk harfler gesitler arasindaki farki gostermektedir.

Cizelge 3 Devami
Table 3 Continue

Cesitler Kamferol (ug g1)
Cultivars Kaempferol (ug g1)
Taze meyve Kurutulmus meyve
Fresh fruit Dried fruit
Hachiya 7.50+0.78 Ab*v? 1.80+0.89 B
Rojo Brillante 4.50+0.87 Ac tespit edilemedi
Hana Fuyu 8.80+0.59 Aa tespit edilemedi
Fuyu 8.80+0.33 Aa tespit edilemedi

X: Farkli harfle gosterilen ortalamalar arasindaki fark p <0.05 diizeyinde 6nemlidir.
Y: Blyik harfler Tazetespit edilemediKurutulmus meyve arasindaki farki gdstermektedir.
Z: Kuguk harfler gesitler arasindaki farki géstermektedir.
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Sonug

Calismada, ve Ulkemizde

yetistiriciligi hizla artmakta olan trabzon hurmasi

diinyada

meyvelerinde taze ve kurutma sonrasi meydana

gelen biyokimyasal degisimler arastiriimistir.

Bolgede vyapilan arazi g¢alismalarinda “Fuyu’,

‘Hachiya’, ‘Hana Fuyu’ ‘Rojo  Brillante’

cesitlerinin en cok talep edilen cesitler oldugu
belirlenmistir. Ulkemizde trabzon hurmasi ile ilgili

ve

yapilan onceki calismalar da incelendiginde so6z
konusu bolge adina verilerin yetersiz oldugu ve
konu ile ilgili daha fazla calismaya ihtiyacin oldugu
dikkati ¢cekmistir. Calismada endustriyel kurutma
ile 4 farkh
‘Hachiya’, ‘Hana Fuyu’ ve ‘Rojo Brillante’) ¢esidine

teknigi trabzon hurmasi (‘Fuyu’,
ait taze ve kurutulmus meyvelerin biyokimyasal
degisiklikler

arastirilmigtir. Raf dmriniin kisa olmasi nedeniyle

iceriklerinde  meydana  gelen
son vyillarda kurutularak piyasaya sirilen trabzon
hurmasinda, kurutulduktan sonra meydana gelen
biyokimyasal degisiklikler her zaman merak
konusu olmustur. Calismada taze trabzon hurmasi
meyvelerinin toplam fenolik madde, toplam
flavonoid, toplam antioksidan ve fenolik icerik
bakimindan kurutulmus meyvelere kiyasla daha
yliksek oldugu belirlenmistir. Ancak klimakterik
ozellige sahip bu meyvenin uzun siire saklanmasi
mimkin olmadigi icin her mevsim tiiketilebilmesi
adina  kurutulmasi gerekmektedir. Arastirma
sonuclari dikkate alindiginda trabzon hurmasi
cesitlerinin taze tiketiminin biyokimyasal icerikleri
bakimindan tlketiciler acgisindan  kurutulmus
olanlarina goére daha uygun olacagi soylenebilir.
Dolayisiyla tiliketicilerin bu hususu goz oninde
bulundurmalari 6nerilmektedir. Ayrica; konu ile
ilgili 6nceki calismalar incelendiginde Tirkiye'de
farkh

hurmalarinda

kurutma teknikleri sonrasi  trabzon

meydana gelen biyokimyasal
degisimlere yonelik calismalarin yetersiz oldugu
saptanmistir. Dolayisiyla bu calismanin, ileride
konu ile ilgili yapilacak cesitli calismalar icin birer

kaynak olacagi diisiiniilmektedir.

Cikar Catismasi: Makale yazarlari arasinda herhangi
bir cikar catismasi bulunmadigini beyan ederiz.
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Bu calismanin amaci, tarimsal faaliyetlerin zamaninda yapilmasini saglayarak, en az sayida
gecisle, topragl daha iyi parcalanip karistiriimasi, yiizey profil diizglinstizligili, penetrasyon
direnci ve kesilme direnci bakimindan kuyruk milinden tahrikli tek etkili bir diskli tirmigin ve
hareketini topraktan alan serbest hareketli diskli tirmigin, topragin bazi fiziksel 6zelliklerine
etkilerinin belirlenmesi amacglanmistir. Bu ¢alismada; topraktan hareket alan tek etkili diskli
tirmik ile kuyruk milinden hareketli tek etkili diskli tirmik makineleri kullaniimistir. Topraktan
hareket alan tek etkili diskli tirmik denemeleri iki farkl disk ¢api (610 mm ve 660 mm) ve (g
farkli yén agisinda (16% 23° ve 30°) yapilmistir. Kuyruk milinden hareketli tek etkili diskli
tirmik ise iki farkh disk capi (610 mm ve 660 mm), ii¢ farkli yon agisi (16% 23°ve 30°) ve iig
farkl disk devirlerinde (104.97- 119.97 ve 143.96 min) denemeleri yapilmistir. Bitiin
denmeler traktorin (4.14 kmh-1) sabit ilerleme hizinda gergeklestirilmistir. Uygulamalar
sonucunda, toprak kesilme direnci, penetrasyon direnci, topragin agirlikli ortalama ¢ap,
toprak isleme sonrasi yiizey diizglinsiizligi belirlenmistir. Biitin uygulamalarda penetrasyon
direnci 0.39-2.65 MPa arasinda, toprak kesilme direnci 0.32 — 2.08 N cm ? arasinda, yiizey
dizglnsuzliik degeri %23.98- %35.05 arasinda ve agirlikli ortalama ¢ap degeri 2.05- 4.70 mm
arasinda elde edilmistir. Yapilan ¢alisma sonucunda her iki capta, biitiin devirlerde ve 23° -
30° y6n acilarinda kuyruk milinden hareketli diskli tirmigin hareketini topraktan alan tek etkili
diskli tirmiga kiyasla daha tstiin oldugu séylenebilir.

Anahtar Kelimeler: Diskli tirmik, Penetrasyon direnci, Yon agisi, Disk devri
ABSTRACT

The aim of this study is to use a single-acting disc harrow driven from the PTO in terms of
better fragmentation and mixing of the soil, surface profile unevenness, penetration and
shear resistance with the least number of passes, by ensuring that agricultural activities are
carried out on time, and the free-moving disc harrow, which takes its movement from the
soil, some physical properties of the soil. It was aimed to determine the effects on the
properties. In this study; Single-acting disc harrow moving from the soil and single-acting disc
harrow moving from the PTO were used. Trials of single-acting disc harrow driven by soil
were carried out in two different disc diameters (610 mm and 660 mm) and three different
direction angles (16% 23° and 30°). The single-acting disc harrow driven by the power take-off
shaft, on the other hand, was tested in two different disc diameters (610 mm and 660 mm),
three different direction angles (16° 23° and 30°) and three different disc speeds (104.97-
119.97 and 143.96 min-1). All trials were carried out at a constant feed rate of the tractor
(4.14 kmh). As a result of the applications, soil shear resistance, penetration resistance,
weighted average diameter of the soil, surface unevenness after tillage were determined. In
all applications, penetration resistance is between 0.39-2.65 MPa, soil shear resistance is
between 0.32 - 2.08 N c¢cm™, surface unevenness value is between 23.98% - 35.05% and
weighted average diameter value. It was obtained between 2.05 and 4.70 mm. As a result of
the study, it can be said that the disc harrow driven from the PTO is superior in both
diameters, all revolutions and 23°-30° direction angles.

Key Words: Disc harrow, Penetration resistance, Direction angle, Disc speed
217


https://orcid.org/0000-0003-2023-9409
https://orcid.org/0000-0002-2824-116X
http://www.dergipark.gov.tr/harranziraat
https://orcid.org/0000-0003-2023-9409
https://orcid.org/0000-0002-2824-116X

Citil ve Marakoglu, 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(2): 217-227

Giris

Kuyruk milinden hareketli diskli tirmik ile

toprak isleme, topragin fiziksel ozelliklerinde
onemli degisikliklere neden olmakta, yigin
yogunlugunu, toprak penetrasyon direncini

azaltmakta, toplam poroziteyi ve agregat capi 15

mm’den  kiigik olan  keseklerin igerigini
artirmaktadir. Topragin ters gevrilmesinin 33° yon
acisinda biraz daha iyi olmasina ragmen, 28° yon
iyi toprak isleme performansi
ylzey

gozlemlemislerdir. Serbest hareketli diskli tirmik

acisinda daha
(topragr  parcalama, dizglinstzligu)
ile yapilan testlerde, yigin yogunlugunda ve
toprak penetrasyon direncinde daha az azalma,
porozite ve agregat capinin 15 mm’den kigilk
olan keseklerin iceriginde daha az artis ve toprak
isleme performansi ile karsilastirildiginda topragi
daha az gevirmistir (Islam ve ark. 1994).

Upadhyay ve Raheman (2018), calismalarda
elde edilen Cl degerleri agisindan is kalitesi
degerlendirildiginde, geleneksel klasik makineye
gore, On bataryasi PTO hareketli ofset diskli
tirmigin  kombine yapilandirma performansinin
daha iyi oldugunu agiklamistir. 120 mm galisma
derinliginde ve 3.6 u/v oraninda PTO tahrikli ofset
diskli tirmigin CI degerlerindeki dustisiun 25°, 30°,
359 ve 40° lik yoén acilarinda % 53 +2, % 56 + 1, %
58 £ 2 ve % 58 £ 2 oldugunu bildirmislerdir. Buna
karsilik klasik ofset diskli tirmik ile yapilan calisma
sonucu elde edilen degerler sirasiyla %28 + 3, %31
t 3, %34 t 3 ve %35 * 2 olarak bulunmustur.

Upadhyay ve Raheman (2019), kuyruk milinden
hareketlendirilen diskli tirmik ile toprak islemeden
sonra elde edilen Cl degerlerinin, tim calisma
kosullarinda serbest hareketli diskli tirmik ile elde
edilen degerlerden her zaman daha disilk
oldugunu ve kuyruk milinden hareketlendirilen
diskli tirmik ile daha iyi calisma kalitesinin elde
edildigini belirtmisler. Kuyruk milinden hareketli
diskli tirmigin ilerleme hizinin disirilmesi veya
u/v oraninin arttirlmasiyla parcalama etkisinin
daha

milinden

fazla olacagini bildirmislerdir.
hareketli duslk

hizinda ayni toprak diliminde daha uzun sire

Kuyruk

disklerin, ilerleme

calismasina bunun da keseklerin daha fazla
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parcalanmasina yardimci oldugunu bildirmislerdir.
Ayrica, kuyruk milinden hareketli diskli tirmiklarda
centikli tip disklerin kesek boyutunu kiglltmeye
yardimci oldugunu ve is kalitesini artiran pozitif

kesme etkisine sahip olmasindan
kaynaklanabilecegini  belirtmislerdir. Topragin
kesilmesinde, ylksek nem icerigi topragin

kesilmesinde kolaylik saglarken, diger taraftan
bitkinin kok bolgesinde sikismaya, yapiskan bir
yapl meydana gelmesine ve toprak ylzeyinde
kaymak tabakasinin olusmasina neden olmaktadir
(Morrison Jr ve Allen, 1987).

Diskli tirmigin toprak pargalama kapasitesini
gosteren toprak parcalama indeksi disk acilari ve
ilerleme hizlarinin artmasina paralel olarak hizla
artmistir. En disuk disk agilari ve hizda 0.58
oraninda bulunan toprak pargalama indeksi en
yuksek hiz ve disk agilarinda 0.92 olarak
maksimum degerine ulagsmistir (Alamin, 2017).

Kayisoglu ve ark. (1996), yaptiklari calismada,
kirimle tohum

kiltivator, diskaro ve kombi

yatagl hazirhginda toprak kosullarinin fiziksel
acidan ozelliklerini incelemis ve bu toprak isleme
aletlerinin topragin agregat yapisi Uzerindeki

etkilerini  6lgmiuslerdir. Arastirma sonuglarina
gore, en iyi agregat stabilitesi diskaro ile tohum
yatagl hazirliginda bulunmustur.

Nalavade ve ark. (2013), yaptiklari calismada
kuyruk milinden hareketli diskli tirmigin distk
hizlarda diuzglin toprak yer degisimi ve ters
cevirme desenleri elde ettiklerini, ylksek calisma
hizlarinda ¢alismayi kontrol etmenin zor oldugunu
ve bundan dolayi diizensiz toprak isleme desenine
neden oldugunu bildirmislerdir.
(2018),

degerlendirilmesinde

Carman ve ark. toprak isleme

performansinin toprak
islemenin ylzey plrizlGliglinin énemli bir 6zellik
oldugunu vurgulamis ve vyaptiklari ¢alismada

toprak isleme sistemlerinin toprak yizey
plrtzlGligiune etkisini istatistiksel olarak onemli
makinelerinin
ylzey
plrtzlGlagu, tohum yataginin hazirlanmasinda ve

bir faktorduir

bulmustur.  Toprak isleme

performansini  belirlemede  topragin
erozyon kontrolinde o6nemli

(Romkens ve Wang, 1987)



Citil ve Marakoglu, 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(2): 217-227

Diskli
pargalama

isleme makinelerinin topragi
hizi
orantilidir. Calisma hizinin artmasi disklerin gevre
topragi
etkinligini de artirmaktadir. Topragin pargalanma

toprak

etkinligi calisma ile  dogru

hizint  artirdigindan dolayi parcalama

etkinligini artirmak, dasiuk c¢alisma hizlarinda
disklerin kuyruk milinden tahrik edilmesi ile
ylksek cevre hizlarina erismek miimkiin olacaktir.
Pullukla striim sonrasi yuzeye ¢ikan keseklerin
parcalanmasinda ikileme islemi yetersiz kalmakta
ve ¢ogu zaman (g¢leme yapilmaktadir. Fazladan
yapilan islemler ekimi yapilacak olan Grinin yakit,
isglicli, makine gibi enerji girdilerini ve dolayisiyla
disen
artirmaktadir. Kuyruk milinden hareketli diskli

arinin  birim  basina maliyetini

toprak isleme makineleri ile yapilan arastirmalarin
¢ogu, tek disk kullanilarak yapilan toprak kanali
calismalarina dayanmaktadir. Hareketini
topraktan alan ve kuyruk milinden hareketli diskli
toprak isleme alet ve makinelerin karsilastirmal
tarla performansi ile ilgili ¢ok sinirh bilgi
bulunmaktadir.

Bundan dolayl bu calismada kuyruk milinden

Cizelge 1. Deneme parametreleri
Table 1. Trial parameters

hareketli tek etkili diskli tirmigin ve hareketini
topraktan alan tek etkili diskli tirmigin bazi toprak
Ozelliklerine etkisinin belirlenmesi amaglanmistir.

Materyal ve Metot

Materyal

Arastirma, 38°02'44.5" N ve 32°28'33.8" E
koordinatlarinda bulunan Konya ili Selguklu ilgesi
Sizma mahallesinde yaklasik 15 da olan ciftgi
tarlasinda yapilmistir Denemelerde New Holland
marka TD 110D model traktor kullanilmistir.

Topraktan hareket alan tek etkili diskli tirmik
ile kuyruk milinden hareketli tek etkili diskli tirmik,
makineleri kullanilmistir. Topraktan hareket alan
tek etkili diskli tirmik, denemelerde iki farkl disk
cap! (610 ve 660 mm) ve Ug farkli yon agisinda
(16°%- 239 ve 30°) kullanilmistir (Sekil 2).
milinden hareketli tek etkili diskli tirmik ise iki

Kuyruk

farkh disk capt (610 mm ve 660 mm), Ug farkh yon
acisinda (169 - 239 ve 30° ve g farkli disk
devirlerinde (104.97- 119.97 ve 143.96 min?)
denemelerde kullanilimistir (Cizelge 1).

Uygulamalar Applications Cap Y6n Agisi Disk Devri
Diameter Direction angle Disc speed
(mm) () (min™)
Kuyruk Milinden Hareketli Diskli Tirmik (Y1) 16 (N 1) 104.97
PTO Driven Disc Harrow (D1) 610 (Y2) 23 (N 2) 119.97
(Ys) 30 (N 3) 143.96
(Y1) 16 (N 1) 104.97
(D2) 660 (Y2) 23 (N ) 119.97
(Ys) 30 (N 3) 143.96
Hareketini Topraktan Alan Serbest (Y1) 16
Hareketli Diskli Tirmik Free (D1) 610 (Y2) 23
Moving Disc Harrow That Takes Its (Ys) 30
Movement From Soil
(Y1) 16
(D2) 660 (Y2) 23
(Y3) 30
Arastirmada, Sekil 1'de verilen, kuyruk ve Cizelge 3’ de verilmistir. Serbest hareketli diskli
milinden hareketli tek etkili traktore asilir tip tirmik olarak, kuyruk milinden hareketli tek etkili
diskli  tirmik kullanilmustir.  Diskli  tirmiga  ve diskli tirmik disk miline bagh olan zincir disli

kullanilan disklere ait teknik 6zellikler Cizelge 2.
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mekanizmasi ¢ikarilarak kullaniimistir.
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Cizelge 2. Kuyruk Milinden Hareketli Tek Etkili Diskli Tirmik Teknik Ozellikleri
Table 2. Technical Specifications of Single Acting Disc Harrow Moving from PTO

Ozellikler
Specifications

Efektif is genisligi (ortalama) (mm) 2200
Effective working width (mm)

Disk sayisi 8
Number of discs

Disk ¢api (mm) 610
Disc diameter (mm)

Diskler arasi mesafe (mm) 260
Distance between discs (mm)

Yon agisi 23°
Direction angle

is derinligi (mm) 210
Working depth (mm)

Makine agirligi (kg) 950
Machine weight (kg)

Figure 1. PTO Driven Single Acting Disc Harrow

Cizelge 3. Denemelerde Kullanilan Disklerin Teknik Ozellikleri
Table 3. Technical Specifications of the Discs Used in the Trials

Ozellikler D: D
Disk ¢api (mm) 610 660
Disc diameter (mm)

Disk derinligi (mm) 70 80
Disc depth (mm)

Disk kalinhigi (mm) 5 5
Disc thickness (mm)

Disk gébek delik 6l¢lisi (mm) 70x70 70x70
Disc hub hole size (mm)

Disk kertik sayisi(adet) 10 12

Number of disc notches (pcs)

Sekil 2. Denemelerde kullanilan diskler
Figure 2. Discs used in the trials
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Cizelge 4.Deneme alanina ait topragin fiziksel 6zellikleri

Table 4. Physical properties of the soil belonging to the trial area

Parametreler Birimler Degerler
Parameters Units Values
Tekstir sinifi Tinh

Texture class Loamy

Kil (%) 17.73
Clay

Silt (%) 30.37
Silt

Kum (%) 51.90
Sand

Hacim Agirligi (g cm?3) 1.35
Volume Weight

Porozite (%) 48.98
Porosity

Organik madde Organic matter (%) 1.05
Nem (%) 16.8
Humidity

Metot - T

EIJELKAMP marka
penetrometre ile dl¢tilmistiir. Olciimlerde 1 cm?

Topragin batma direnci

koni taban alanina ve 30° tepe agisina sahip olan
koni ug kullaniimistir.

Calismalarda 1 m uzunlugundaki profil Gizerine
2.5
olusturulmus profilmetre tarlanin toprak isleme

cm araliklarla vyerlestirilmis ¢ubuklardan
sonrasi ylizey dizglinslizlGgunin belirlenmesi igin
kullanilmistir (Carman, 1997).

Profilmetre ile yapilan o&l¢iimler sonucunda
standart sapma degeri, toprak ylzeyi ile yatay
dizlem arasindaki diisey mesafenin olctilmesiyle
belirlenmis olup asagidaki esitlikte verilen formiil
ile hesaplamalari yapilmistir (Kuipers, 1957).

R=100. log10.S (1)
R: Tarlanin ylzey dizglinstzIUgi (%)

S: Olgiilen degerin standart sapmasidir.

Topragin kesilme direncinin belirlenmesinde
capi 10 cm ve yiksekligi 12 cm olan, kanath kesme
aleti ve aletin ucuna takilan 0-80 Nm o&l¢im
arahgina sahip tork kolu kullaniimistir. Kanatli
kesicilerin bir silindir ylzeyi boyunca uyguladig
donme momenti torkmetre kolu (zerindeki
gostergeden analog olarak okunmus ve buradan
elde edilen maksimum dénme momenti asagidaki

esitlik yardimiyla hesaplanmistir (Okello, 1991).
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T: Topragin kesilme direnci (N cm™2)
T: Maksimum dénme momenti (N cm)
d: Kanatlh kesici aletin ¢api (cm)

h: Kanat yuksekligi (cm)

Topragin agirlikh ortalama capini belirlemek
amaciyla, 2-4-8-16-20-40 mm delik o6lctsiindeki
elekler ve 0.5 gram hassasiyetinde hassas terazi
1960; 1963).
Yapilan elek analizi sonucu 7 farkli fraksiyon elde

kullanilmistir(Feuerlein, Soehne,
edilerek, % degerleri bulunmus ve asagidaki esitlik
kullanilarak agirhkli ortalama ¢ap hesaplanmistir.

AoC=>X7. Wi (Black ve ark.1965) (3)
Xi: Elek tarafindan ayrilan agregatlarin herhangi
bir parcacik boyut grubunun ortalama capi (mm).
Wi :Analiz edilen toplam kuru agirhginin i. boyut
grubundaki agregatlarinin agirhgi (g).

Arastirma Bulgulari ve Tartisma

Deneme alaninda toprak isleme oncesinde
yapilan penetrasyon direnci dlciimlerinde 0 - 280
mm derinligindeki sonuclar 0.40 — 4.36 MPa
arasinda bulunmustur.

Toprak isleme Oncesi

deneme alaninin penetrasyon direnci

degerlerindeki degisim Sekil 3’ de verilmistir.
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Sekil 3. Toprak isleme 6ncesi penetrasyon direnci
Figure 3. Penetration resistance before tillage

D1 ¢ap uygulamalarinda elde edilen en distk
ortalama penetrasyon direnci 0.44 MPa ile D1N3Ys
uygulamasindan elde edilirken bunu sirasiyla 0.51
MPa ve 0.56 MPa ile DiN;Ys ve DiNiYs
uygulamalari takip etmistir. En yiksek ortalama

1.32
1.05

0.74
0.56

0

*N
ST S
SRR

penetrasyon direnci( MPa)

0.72

penetrasyon direnci degeri 2.65 MPa ile DiY1
uygulamasindan elde edilirken bunu sirayla 1.32
MPa, 1.25 Mpa ile DiN1Y1 ve DiY2 uygulamalari
takip etmistir (Sekil 4).

2.65

125 1.10

0.77 0.69

0.51 0.44
111

R R R U R
R R R R R A R R R
MR RN AAER R

Sekil 4. D1 Uygulamalarina ait penetrasyon direngleri
Figure 4. Penetration resistances of D1 Applications

D, cap uygulamalarinda elde edilen en distk
ortalama (10-20.5
derinliklerinde) penetrasyon direnci 0.39 MPa ile
D2N3Y3 uygulamasindan elde edilirken bunu
sirasiyla 0.41 MPa ve 0.49 MPa ile D;N2Y3 ve

cm arasindaki  calisma

3

1.04 0.92
1 .

I 0.67
0

0.49

Penetrasyon direnci (MPa)

0.76
0.64
I 0.41

D2N1Ys uygulamalari takip etmistir. En ylksek
ortalama penetrasyon direnci degeri 2.36 MPa ile
D.Y1 uygulamasindan elde edilirken bunu sirayla
1.04 MPa, 0.92 Mpa ile D2N1Y1 ve D2N;Y1-D;Y>
uygulamalari takip etmistir (Sekil 5).

2.36

0.92
0.76

0.39 I I

0.62

K TR 2 C- T S| A - R, SR 2R B R A 2K e

EOUIRUIRS
SRR R

S R R R AR AR
ORI O S O s>

Sekil 5. D2 Uygulamalarina ait penetrasyon direngleri
Figure 5. Penetration resistances of D2 Applications
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Toprak isleme 6ncesi deneme alanindan farkli

noktalardan alinan toprak kesilme direnci
degerlerinin ortalamasi 2.47 N cm? olarak
belirlenmistir.

Denemelerden elde edilen toprak isleme

sonrasi en disik ve en yuksek kesilme direnci

2

1.07 1.04

0.59

Toprak kesilme direnci (N cm2)

K\ QO O

0.48

1.41
0.93
0.63
0.48
I 0.39 I 0.36 I 0.33 I

> >

degerleri D1 capindaki disk icin 0.33 — 1.88 N cm™
olarak belirlenmistir. En dusik kesilme direnci
0.33 N.cm? olarak DiNsYs; uygulamasinda elde
edilmis ve bunu 0.36 N cm™2 ile D1N2Y3, 0.39 N cm”
2 kesilme direnci ile de D1N1Y3 uygulamalari takip
etmistir (Sekil 6).

1.88

O O O O O ¢
é\/ é’) é’) s \é’) Q\ Q'\r O\

SR AR SR YARR MR AR AR ¢

Uygulamalar

Sekil 6. D1 Uygulamalarina ait toprak kesilme direnci degerleri
Figure 6. Earth shear resistance values for D1 Applications

D; c¢apina ait denemelerden elde edilen en
diustk ve en yiiksek kesilme direnci degerleri 0.32
— 2.08 N cm? olarak belirlenmistir. En dusuk
0.32 N D2N3Y3
uygulamasindan elde edilirken bunlari 0.36 N cm™

kesilme direnci cm?  le
ve 0.37 N cm?kesilme direnci degeri ile D2N2Y3 ve
D2N1Y3 uygulamalari takip etmistir(Sekil 7).

Her iki captaki disklerde de Y1 yon acisindaki
uygulamalarin kesilme direnci degerleri diger
uygulamalar icerisindeki degerlerden daha fazla

bulunmustur.

1.04 1.00

NEEEN

S SO
RN RN

Toprak kesilme direnci (N cm “2)

0.54
0.37 0.48 0.36 0.45 0.32 I I
KR L C RS S TR C B S TR A 2R C R SR RG]

RO
SRR R

oncesi
%2.16

Toprak isleme ylzey profil

dizglnsuzligh  degeri olarak elde
edilmistir.

D1 capindaki disk uygulamalarinda elde edilen
ylizey profil dizglnsiizlUgl degerleri %23.98-
33.98 arasinda degisim gostermistir. En disik
yuzey profil dizglnsuzlUgli degeri %23.98 ile
D1N3Y3 uygulamasindan elde edilmistir. En ylksek
deger ise %33.98 ile D1Y1 uygulamasindan elde

edilmistir (Sekil 8).

2.08

0.90
0.62 (.54

e N N 2
A

Uygulamalar

Sekil 7. D1 Uygulamalarina ait toprak kesilme direnci degerleri
Figure 7. Earth shear resistance values for D1 Applications
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Sekil.8. D1 Uygulamalarina ait ytizey profil diizglinsuzIGgu
Fig.8. Surface profile irregularity of D1 Applications

D2 capindaki disk uygulamalarinda elde edilen
ylizey profil dizglnstzlGgl degerleri %26.50-
35.05 arasinda degisim gostermistir. En dlsuk
yuzey profil dizglinsuzligl degeri %26.50 ile

40
35
3
2
2
1
1

34.13

33.46
30.76

27.94

Yizey dlzglinstizlGgu (%)
o 1 o uu o un O

I 29.77

D2N3Y3 uygulamasindan elde edilmistir. En yiksek
deger ise %35.05 ile D2Y: uygulamasindan elde
edilmistir(Sekil 9).

35.05

32.58

32.293113

28.68

I 26.50

27.24
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D2 Uygulamalari

Sekil.9. D2 Uygulamalarina ait yizey profil diizglinstzIGgi
Fig.9. Surface profile irreqularity of D2 Applications

Uygulamalar arasinda en yiiksek ylizey profil
dizginsuzligl degerlerinin Y1 uygulamalarinda
elde edilmesinin sebebi disiuk yo6n agisindan
dolayi is derinliginin az olmasi ve disklerin yeteri
kadar toprak hacmi kesememesi, kesilen topragi
da bir 6nceki diskin kestigi topragin lizerine dogru
Y3
uygulamalarinin ylizey profil dizglinsiizlGgunin
disik olmasinin sebebi ise yiksek yon agisi ve

atamamasindan kaynaklandigi soylenebilir.

yuksek devir sayisindan dolayi pargalamanin etkin
olmasi ve disklerin birbirinin Gizerine dogru bosluk
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kalmayacak sekilde topragi daha dizgin profil
birakacak sekilde atmasi olarak aciklanabilir.
Yapilan 6l¢im ve hesaplamalar sonucunda D;
uygulamalarinda agirlikh ortalama ¢ap 2.61-4.70
En dasuk
agirhkli ortalama cap degeri 2.61 degeri ile D1NY3
uygulamasindan elde edilirken bunu sirayla 2.83
mm ile D1N3Y3, 2.91 mm ile DiN1Y3 uygulamalari
takip etmistir. En yuksek degerler ise sirasiyla 4.70
mm, 4.52 mm ve 4.5 mm olarak D1Y1, D1N1Y2 ve
D1N1Y1uygulamalarindan elde edilmistir (Sekil 10).

mm arasinda degisim gostermistir.
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D1 Uygulamalari

Sekil.10. D1 Uygulamalarina ait agirlikli ortalama ¢ap (AOC)
Fig.10.Weighted average diameter (MWD) of D1 Applications

D, uygulamalarinda ise agirlikh ortalama cap
2.05-3.93 mm arasinda degisim godstermistir. En
distk agirhkli ortalama cap degeri 2.05 degeri ile
D2N2Y3 uygulamasindan elde edilirken bunu
sirayla 2.28 mm ile D;N1Y3, 2.35 mm ile D;N3Y3

5

uygulamalari takip etmistir. En yliksek degerler ise
sirasiyla 3.93 mm, 3.79 mm ve 3.56 mm olarak
D.Y:, D2Y2 ve DJY3
edilmistir (Sekil 11).

uygulamalarindan elde
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Sekil.11. D2 Uygulamalarina ait agirhkh ortalama ¢ap (AOG)
Fig.11. Weighted average diameter (MWD) of D2 Applications

Sonuglar

Kuyruk milinden hareketli diskli tirmiklarda ve
hareketini topraktan alan serbest hareketli diskli
tirmiklarda da yon acisi ve disk devri arttikca
penetrasyon direng degerleri azalma gostermistir.
hareketli  diskli
uygulamalarinda ayni ¢ap ve ayni yon agisindaki

Kuyruk  milinden tirmik
bitlin penetrasyon direng degerleri, hareketini
hareketli  diskli

degerlerden disliik bulunmustur.

topraktan  alan  serbest

tirmiklardaki
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Denemelerden sonra yapilan penetrasyon direnci
Olgcimlerinde bitin uygulamalar iginde en disik
penetrasyon direnci 0.39 MPa olarak D;NsY3
Uygulamalar
icinde en fazla penetrasyon direnci degerleri

uygulamasindan elde edilmistir.

(Geleneksel) topraktan hareket alan diskli tirmigin

Y1 uygulamalarindan elde edilmistir. Kuyruk
milinden hareketli diskli tirmigin  kullanildigi
uygulamalarda her iki disk ¢apinda da disk

devirleri ve yon agilar arttikca toprak isleme

derinligi de artmistir buna bagh olarak
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penetrasyon direnci degerleri disk capi ve yon

agist arttikga azalmaktadir. Kuyruk milinden
hareketli diskli tirmigin kullanildigi uygulamalarda
her iki disk capinda da yon acilari arttikca toprak
isleme derinligi de arttig i¢in disk capi ve yon agisi
arttikca kesilme direncinin azaldigi gorulmustdr.
Bu degerler incelendiginde kuyruk milinden
hareketli diskli tirmigin ideal ¢alisma derinliginde
topragi yeterince parcaladigi ve bundan dolayi da
kesilme direnci degerlerinin  disik ciktig
sonucuna  ulasilmaktadir.  Benzer  sekilde,
Upadhyay ve Raheman (2018), On bataryadaki
diskleri kuyruk mili ile dondirilerek galistirilan ve
arka bataryasi pasif olan cift etkili ofset diskli
tirmik ile serbest doni hareketli klasik ofset diskli
tirmig karsilastirdiklari bir ¢alisma yapmislardir.
Calisma sonucunda, koni
indeksindeki

azalma saglamasi, disik glic harcamasi ve daha

islenen topragin

azalma, ceki kuvvetinde onemli
iyi is kalitesi acisindan, en uygun 35%lik yén agisi
ve en uygun u/v oranini ise 3.6 oldugunu
belirlemislerdir. Uygulamalar arasinda en yilksek
Y1

uygulamalarinda elde edilmesinin sebebi disik

yizey profil dlzglinsiizlUgli degerlerinin
yon agisindan dolayi is derinliginin az olmasi ve
disklerin yeteri kadar toprak hacmi kesememesi,
da bir

dogru

kesilen topragi onceki diskin kestigi

topragin Uzerine atamamasindan
Y3

ylzey profil diizglinstzlGginin disiik olmasinin

kaynaklandigi soylenebilir. uygulamalarinin
sebebi ise yiksek yon acisi ve ylksek devir
sayisindan dolayl parcalamanin etkin olmasi ve
disklerin  birbirinin  (Gzerine dogru bosluk
kalmayacak sekilde topragi daha dizgin profil
birakacak sekilde atmasi olarak aciklanabilir. Ayni
(2013),

calismada kuyruk milinden hareketli diskli tirmigin

sekilde, Nalavade ve ark. yaptiklari
distk hizlarda dizgin toprak yer degisimi ve ters
cevirme desenleri elde edilmistir. Ancak, yliksek
calisma hizinda calismayr kontrol etmenin zor
oldugunu, bunun da diizensiz toprak isleme
desenine neden oldugunu bildirmislerdir.
Denemeler sonucunda disk ¢api ve disk devir
(AOC)

degerlerinde azalma oldugu gorilmuistiir. Bunun

sayisi arttikca, agirhkli ortalama cap

nedeni, distk ilerleme hizinda, diskli tirmigin
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toprak isleme siiresinin, daha yiksek ilerleme
gore daha
kaynaklanabilir. Butiun uygulamalarda ayni ¢ap ve

hizlara fazla olmasindan
ayni devir de yon agisinin toprak pargalanmasina
etkili oldugu gorilmistir. Uygulamalardan elde
edilen sonuglardan her iki disk ¢aplarinda da yon
acisi artisina bagh olarak agirlikli ortalama ¢apin
azaldigr tespit edilmistir. Benzer sekilde,
Arvidsson et al.(2004) Kuru kosullar altinda diskli
tirmikla ¢alismada blylk agregalarin oraninin az
olmasinin ¢alisma derinligi ile baglantili oldugunu
bildirmistir.

diskli
tirmik, penetrasyon direnci, topragi parcalama ve

Kuyruk milinden hareketli tek etkili

karistirma, toprak kesilme direnci ve yilizey profil
dizglnsuzligl bakimindan hareketini topraktan
alan serbest hareketli diskli tirmiga kiyasla daha
iyi sonuglar verdiginden, tarla trafiginin azaltilarak
toprak  sikisikhigini  6nlemek ve  tarimsal
faaliyetlerdeki girdi maliyetlerini azaltilmak igin
hareketli

kullaniminin

kuyruk  milinden toprak isleme

makinelerinin yayginlastirilmasi

gerekmektedir.
Ekler

Bu makale Erglin CITIL'in  “Kuyruk Milinden

Hareketli Tek Etkili Diskli Tirmigin Toprak isleme

Performansinin  Belirlenmesi”’ isimli ~ tez
projesinden Uretilmistir. Bu ¢alisma Selguk
Universitesi Bilimsel Arastirma Projeleri

Koordinatorligu tarafindan: 21111002 numarah
proje ile desteklenmistir.
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Ulkemizde birim enerji maliyetlerinde son yillarda meydana gelen artislar birgok sektérii enerji
verimliligi konusunda calismalar yapilmasina mecbur birakmistir. Fakat, hayvancilik ve tarim
makinalari kullanimina yonelik yapilan enerji verimliligi ve enerji kullanimi galismalarinin
sayisinin az olmasi ve detayli olmamasi dikkat ¢ekmistir. Calismanin amaci biyiikbas hayvan
yetistiriciliginde enerji kullaniminin ve makina gii¢ gereksinimlerinin ortaya ¢ikarilmasi Gzerine
planlanmistir. Bu kapsamda minimum 13 maksimum 3 055 biiylikbas hayvana sahip farkl
buyukliklerdeki, ortalama %72 kapasite doluluk oraninda, toplam 51 adet hayvancilik
isletmesi ile ylz yize veya telefon ile gorisilmis, yerinde incelemeler ile birlikte veriler
toplanmistir. Calisma, izmir, Aydin, Denizli, Isparta ve Burdur illerinin disindaki illerde bulunan
isletme sahipleriyle (%18) telefonla gorusilerek vyiratilmastir. Bu kapsamda isletme
sahiplerinin, egitimleri, tecriibeleri, makina varliklari, elektrik enerjisi tuketimleri, iscilik
sureleri, makina teknik 6zellikleri gibi bilgiler toplanmis, yorumlanmis ve degerlendirilmistir.
isletmelerin ortalama siit verimi 21.87 L cikarken, minimum ve maksimum degerler sirasiyla
14.29 ve 37.5 L olarak belirlenmistir. isletmelerin sagmal hayvan basina ortalama aylk elektrik
enerjisi kullanimlari 91.3 kWh, 1 L sit tretimi igin 3.4 kWh olarak bulunmustur. Sonug olarak
isletmelerin buyuklik ve farkl parametrelere gore elektrik enerjisi kullanimlari grafikler ile
aciklanmis, birim tliketimler hesaplanmistir. Calisma, bu konuda yapilacak daha detayl
arastirmalara ihtiya¢ duyuldugunu ortaya koymustur ve yapilacak sonraki arastirmalara isik
tutacagi dusinilmektedir.

Anahtar Kelimeler: Hayvancilikta mekanizasyon, Tarimda enerji kullanimi, Blyiikbas hayvan
yetistiriciligi

ABSTRACT

The increase in unit energy costs in our country in recent years has forced many sectors to
work on energy efficiency. However, it is noteworthy that the number of energy efficiency and
energy use studies conducted for the use of livestock and agricultural machinery is low and
not detailed. The aim of this study was planned to reveal the energy use and machine power
requirements in cattle breeding. In this context, a questionarre forms were filled in face-to-
face or by the phone with a total of 51 livestock businesses of different sizes, with an average
occupancy rate of 72%, minimum 13 and maximum 3 055 cattle. The study was conducted by
phone interviews with owners (18%) located in provinces other than izmir, Aydin, Denizli,
Isparta and Burdur. In this context, information such as owners, education, experience, machine
sets, electrical energy consumption, labor working hours, machine technical specifications
were collected, interpreted and evaluated. While the average milk yield of the businesses was
21.87 L, the minimum and maximum values were determined as 14.29 and 37.5 L, respectively.
The average monthly electrical energy use of the businesses per milking animal was found to
be 91.3 kWh and 3.4 kWh for 1 L of milk production. As a result, the electrical energy use of
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the businesses according to their sizes and different parameters was explained with graphics and unit consumptions were
calculated. The study revealed that there is a need for more detailed research on this subject and it is thought that it will

shed light on future research.

Key Words: Mechanization in livestock, Energy use in agriculture, Cattle breeding

Giris

Ulkemiz 2018 yiinda 15943586 bas sigir
varligi ve %1.02’lik pay ile diinyada 22. sirada yer
almaktadir (FAO, 2022). Hayvan varhgimiz 2019
yilinda yaklasik %10’luk bir artis gostererek
17 688 139 bas olmustur (TUIK, 2022). Bolgelere
gore bakildiginda, %21’lik payla i¢c Anadolu ve
Dogu Anadolu Bolgeleri sigir varhiginda ilk sirada
yer alirken, ardindan %16’lik pay ile Ege ve
%14’lik pay ile Karadeniz Bolgeleri gelmektedir.
Ayrica Ulkemiz 2018 yilinda 20 milyon ton siit
Uretimiyle diinya genelinde 9. sirada ve %2.8 paya
sahiptir. Amerika Birlesik Devletleri, Hindistan ve
Cin sirasiyla yaklasik 98, 89 ve 62 milyon tonluk
st Uretimiyle ilk ¢ sirada yer almaktadirlar. Bu
uc Ulke, dunyadaki inek sGtinin  %35’ini
Uretmektedirler (FAO, 2022). Artan ntfusa bagh
bitkisel ve hayvancilik Grinlerine olan ihtiyacin
artisl, glinimuzde gbz ardi edilemeyecek kadar
bir hal Ozellikle COVID-19
viristiinden kaynaklanan pandemi

onemli almistir.
doneminde
gida Urinlerine olan talebin arttigi gorulirken,
ulkeler icin de kendine yetebilir bir bitkisel ve
hayvansal Uretim politikasinin énemi bir kez daha
dikkat ¢ekmistir. Artan nifusa bagli olarak artan
kaliteli

yilllarda 6nem kazanmistir. Kaliteli Grin eldesinin

talebin yaninda, arin arayisi da son
ve verim artisinin dnlindeki en biyik engellerden
birisi de girdi maliyetlerinin artmasidir. Tarimda,
toprak hazirhg, bakim, hasat-harman gibi
islemlerde glbre, yakit ve bitki koruma Urinleri
gider kalemlerinin icinde en blyiuk ylzdeye
sahipken, artan birim fiyatlardan dolayi eneriji
maliyetleri de bu kalemler arasinda biylyen bir
orana sahiptir (Karadas, 2016).

Ulkemizde

sektorlerindeki enerji yogunluguna bakildiginda,

sanayi, tarim ve  hizmet

hizmet ve sanayi sektoriinde toplam eneriji
tuketimleri azalirken Uretim ciktilarinda artislar
gorilmektedir. Tarim sektorinde ise her gecen yil
enerji

yogunlugunda ciddi artislar gorilmeye
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devam etmektedir (Yilmaz, 2012).

Ulkemiz tariminda tiiketilen elektrik enerjisi
1976 yilinda 450 milyon kWh olup, toplam
tiketimin sadece %2.7’sini olusturmaktadir. (Ayik,
1983). Bu deger 2000 yilinda 1.75 milyar kWh
(Oztiirk ve Bereket Barut, 2005), 2021 yilinda ise
13.359 milyar kWh degerine ulasmistir (TUIK,
2022). Yapilan c¢alismalar sonucunda tarim ve
gecen il
tiketiminin arttig1 agikga gorilmektedir. Ener;ji,

hayvancilik sektoriinde her enerji

ginimizde Ulkelerin  bagimsizlik  duruslarini
etkileyen en o6nemli etkenlerden birisi olurken,
diinya tiketimlerinin

genelinde enerji

belirlenmesi konusunda bircok calisma
yaptimaktadir. Bu calismalar dogrultusunda bircok
sektorde (lke politikalarini belirleyecek uygun
adimlar atilarak gereksiz enerji tiiketiminin éniline
gecilmeye calisilmaktadir.

Turkiye  tarimi  incelendiginde,  llkemiz
ekonomisinde tarim sektoriniin payl 2017 yilinda
%6.2 olup, toplam istihdamdaki payi ise yaklagik
%20’dir. Gayrisafi Yurtici Hasila’da (GSYH) tarim
payi 161.3 milyar
hayvancilik 117.7 milyar TL ile bu rakamin
%73’Unl olusturmaktadir. 2002 yilinda yaklasik 10
milyon bas olan blyikbas canh hayvan varligi,
2017 yilinda %62.27’lik bir artisla 16 milyon basa
ylkselmistir. Yine, 2002 yilinda 8.5 milyon ton
olan ¢ig sut uretimi, 2017 yilinda %146.18’lik bir
artisla 20.5 milyon tona ulasmistir (Tapki ve
ark., 2018).

kullanimi artan tarimsal mekanizasyon araclari;

sektorinin TL olurken,

Tarimsal Uretimde glin gectikce

tarimsal Uretimde isgict verimliligini artiran,
maliyetleri dislren, modern Uretim
teknolojilerinin ~ kullanilmasint  ve islemlerin

zamaninda, isteklere uygun sekilde yapilmasini

saglayan, Urin kalitesini ve verimini artiran
onemli
2006),

sonucunda Ulke genelinde bu sektoérdeki ener;ji

bir girdi olmasinin yaninda (Anonim,

mekanizasyon  kullanimindaki  artis

tiketimi de artmstir.
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Yapilan arastirmalarda, buyilkbas hayvan
glibresi yonetimi ve
(Toruk ve Ulger, 2001;

Boyaci ve ark., 2011; Polat ve ark., 2012;
Aydin ve Derindz, 2013;  Soyer, 2014),

glbresinin bitki gelisimleri Gzerine olan etkileri

cevreye olan etkileri
Atilgan ve ark., 2006;

hayvan

(Karadogan ve ark., 1997; Tangolar ve ark., 2007;
Ozbek, 2011; Goksu, 2012; Akyol, 2013;
Arslan, 2016;  Ozkan ve Giileryiiz, 2016),  ahir
glbresi dagitma makinalari (Toraman, 2004,
Yumak ve ark., 2006; Ozbek ve Konak, 2009;
Boz ve ark., 2010; Kus ve Yildirim, 2010; Sessiz ve
ark., 2014; Sessiz ark., 2016;
Ozbek ve Konak, 2017; Unal ve ark., 2017;
Yilmaz, 2017), sut sigirciligi isletmelerinin mevcut

ve

durumu, mekanizasyon o6zellikleri ve gelistirilmesi
(Kuraloglu, 1998; Erkan, 2005; Uger, 2008;
Uygur, 2015; Guzel, 2016;  Yigmatepe, 2017;
Kaya, 2019;), st sagimda mekanizasyon
sistemleri  (Goéndilol, 1998;  Isik ve Unal, 2003;
Apaydin, 2010; Sessiz ve ark., 2014; Secer, 2019),
robotik ve yazilm
(Turkyilmaz, 2005;
Memmedova, 2012;

blyikbas hayvancilikta

uygulamalari  konularinda
Atasever ve Erdem, 2008;

Mundan ve ark., 2014; Ozer, 2014;
Ozuduruk, 2014; Ors ve Oguz, 2016;
Akar Cikrikel, 2019) glinlimiize degin bircok proje
ve lisansustli ¢alisma yapilmistir. Hayvancilikta
mekanizasyonda girdi kalemlerinde 6énemli bir rol
kullanimi

oynayan enerji ve glg gereksinimi

konusunda vyapilan c¢alismalar ise c¢ogunlukla
sagim odasl ve sagim makinalari ile sinirh kalmis
gorilmektedir (Duman, 2014; Akbas ve ark., 2018;
Keskin, 2019; Unal ve ark., 2019). Bu konu ile ilgili
yapilan calismalar incelendiginde en yakin 37 il
ici
mekanizasyonunda kullanilan enerji tiketimi ve
gug
gorulmustir. Calismanin yapildigi tarihten itibaren

once (Ayik, 1983) biylkbas hayvan ahir
gereksinimlerinin degerlendirildigi

degisen birim enerji tiketim bedellerinin ve
makine ekipman glic gereksinimlerinin degiskenlik
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gostermesi kacinilmazdir. Yapilacak calisma ile
ilgili
kazandirilmasi hedeflenmektedir.

konunun guncelliginin literatlre

Bu calismada, biylikbas sut Uretimi yapan
hayvancilik isletmelerinde enerji tiketimleri ve
glic gereksinimleri hesaplanarak, gerekli goriilen
diizenlemeler ile tasarruf olanaklari belirlenmistir.
Calisma farkli  blyukliklerdeki

isletmeler bazinda gerek duyulan insan isglic,

kapsaminda,

elektrik enerjisi tiketimi, alet-makine-ekipman
glic gereksinimleri tespit edilmistir. Bu tespitler
sonucu birim slt/et Gretimi icin gerek duyulan
enerji tiketiminin belirlenmesi amaglanmistir.

Materyal ve Metot
Calismaya baslamadan énce Ege, Akdeniz ve ig

blyikbas
olarak yapildigi

Anadolu bolgelerinde hayvan

yetistiriciliginin  yogun iller
belirlenmis ve bu illerin Damizlik Sigir Yetistiricileri
Birlik baskanlari ile goriusilmustir. Gortsmeler
sonrasl alinan isletme bilgileri ile tesadifen
belirlenen isletmeler telefon goriismesi yapilarak
on bilgilendirme verilmis ve ylz ylze gorismeyi
kabul

uygunluklarina

eden tim isletmeler c¢alisma takvimi
edilerek  kabul

etmeyen fakat calismaya katki saglamak isteyen

gore ziyaret
isletmeler ile COVID-19 pandemi kosullari da
gozetilerek telefon goériismesi yapilarak calisma
gercgeklestirilmistir. Veri toplama formu (anketler),
isletmeler yerinde ziyaret edilerek gerekli olan
bilgilerin toplanmasi ile doldurulmustur. Veri
toplama amaciyla, formun yiz yize doldurulmasi
iki
gerceklestirilmistir. Bu kapsamda 42’si yiz ylize

ve gozlem olmak (zere ayri uygulama
olmak Uzere toplam 51 hayvancilik isletmesi ile
calisma gerceklestirilmistir. COVID-19 pandemi
kosullarindan dolayi 9 isletme ile sadece telefon
ile gorusilebilmistir.  Calisma  kapsamindaki
isletmelerin yer aldigi illerin dagihmi Sekil 1’de

verilmistir.
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Sekil 1. Veri toplanan hayvancilik isletmelerinin illere gére dagilimi
Figure 1. Distribution of livestock businesses for which data was collected by provinces

Veri toplama formu dahilinde isletmelerin
iletisim bilgileri, isletme o6zellikleri, is¢i ¢alisma
sureleri, traktor ve elektrik enerjisi kullanim, su
tuketim ve makina ekipman glic gereksinim
degerleri toplanmis, incelenmis ve yorumlanarak

degerlendirilmistir.
Arastirma Bulgulari ve Tartisma

isletme sahiplerinin %42’si lise mezunu iken,
%23’er oranla Universite ve ilkokul mezunlari yer
almig, son olarak da %12 payla ortaokul mezunlari
takip etmistir. %42’lik payla 46 ve (izeri yasta olan
isletme sahiplerinin buyulk bir ¢ogunlugunun orta
yas Uzerinde oldugu gorilmektedir. Yas dagilimini
%29’luk payla 36-45 yas arasi ve %25’lik payla 26-
35 yas arasi takip etmektedir. isletmelerin %37’si
20 ve Uzeri yil tecriibeye sahip kisiler tarafindan
yonetilirken, bu rakam %19’luk payla 11-15 yil ve
%17’lik payla 16-20 yil arasi olarak degismistir.
Kaplan ve Cicek (2022), Tokat ilinde yaptiklari bir
calismada blyuk bas st sigiri yetistiriciligi yapan
isletmelerin yas ortalamasinin 47.3 oldugunu
belirtmis ve egitim durumlarinin %39.6 olarak
ilkokul mezunu oldugunu soylemislerdir. Yapilan
mevcut calismada isletme sahiplerinin egitim
durumlarinin daha yiiksek oldugu goriilmis ve bu
daha
mekanizasyon ekipmanlari kullandigi, buna bagh

isletmelerin planli  Uretime yonelik
olarak da sit verimlerinin daha yiksek oldugu
gorulmastir.

isletme buyiikliklerine bakildiginda %50’lik

oranla 0.5 ha ve alti isletmeler yer alirken, bunu
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sirasiyla %31 ile 0.5-1 ha ve %19 ile 1.0 ha ve (izeri
isletmeler takip etmistir. isletmeler arasinda en
biyik olarak  nitelendirilebilecek isletme
maksimum 4500 bas kapasiteye sahipken,
isletmelerin %40’1 151 bas ve uzeri, %29’u 51-100
bas ve %19’u 101-150 bas arasi kapasiteye
sahiptir. isletmelerin 37’sinde balik kilcig tipinde
12

arasinda kilit arkasi olarak adlandirilan ve ahir

sagim odasi bulundugu, isletmede halk

icinde yemlik boéliminde hayvanlarin yem

tiketimi esnasinda sagim vyapilmasina olanak
saglayan makinalar ile sagimin yapildigl tespit
edilmistir. Ayrica 1 isletmede paralel tip sagim
odasi gorilmis, 1 isletmeninde sagim islemini
sagim robotu ile gerceklestirdigi belirlenmistir.

En blylk isletme 1 350’si sagmal olmak Uzere
toplam 3 055 bas, en kicik olan ise 9'u sagmal
olmak Uzere toplam 13 bas hayvan varligina
sahiptir. isletmelerin hayvan varhigi Sekil 2’de
En

degisimlerin gorilmesinde sorun vyarattigl igin

verilmistir. blyiuk isletme grafiklerdeki

gorsellerden c¢ikarilmistir.  Kapasitelerine gore
degerlendirilen isletmelerde minimum doluluk
orani %45 iken, %100 doluluk oraninda galisan
isletmelerde goridlmis ve tim isletmelerin
doluluk %72.05
belirlenmistir. isletmeler hayvan irki agisindan
%59 payla
(Holstein) irki cogunlukta yer alirken, %35 ile siyah

ortalama orani olarak

degerlendirildiginde, siyah alaca
alaca ve simental, %6 ile de siyah alaca, simental
irki

yetistirildigi belirlenmistir.

ve montofon hayvanlarin isletmelerde



Boyar ve Ertekin, 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(2): 228-238

= 700 e Sagmal hayvan
_§ 600 Dairy animal
& 8 500
= v
€ & 400
c x
g S 300
“
©
< 2 200
+~
IS
< S 100
=
S 0
@

1 3 5 7 9 11131517 19 21 23 2527 29 31 33 35 37 39 41 43 45 47 49
Isletme sayisi (adet)

Number of businesses (piece)

@ Toplam
Total

Sekil 2. isletmelerin hayvan varligina gére biytklikleri
Figure 2. Sizes of the businesses by the number of cattle

iscilik siireleri degerlendirildiginde sagimin en
¢ok zaman alan islem oldugu gortlmustir. Sadece
toplam hayvan varligi 20 bas ve altinda olan
isletmelerin sagim siireleri diger islemlere gore
daha kisa
degerlendirilmesinde

sirmustdr. Bu surelerin

robot sagim makinasi

kullanan, 24 saat boyunca sirekli sagim yapan
ayni zamanda en buyldk hayvan varligina sahip
olan ve temizlik/bakim islemlerini 6 ayda bir
yapan isletmeler degerlendirme disi tutulmustur
(Sekil 3).

70
B Temizlik / Bakim
Cleaning / Maintenance

iscilik siiresi (%)

Labor time (%)
w N @ @
[=] [=] (=] <
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Sekil 3. iscilik stirelerinin isletmelere gére dagilimi
Figure 3. Distribution of labor times by businesses

incelenen  isletmeler  degerlendirildiginde
55 kW oldugu
18 ve 34.
isletmelerde birden fazla traktor tespit edilmis

olup bu traktorlerin ortalama traktor

ortalama traktér glclnin

gorllmdistir. Bunun vyaninda 6,

glcu

grafikte verilmistir. Minimum yakit tiiketimi 26.84
L/ay, 3597.31 L/ay olarak
belirlenirken c¢alisma kapsaminda incelenen tim
isletmelerin ortalama yakit tiketimi 351.34 L/ay
olarak belirlenmistir (Sekil 4).

maksimum ise
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Sekil 4. isletmelerin ortalama traktor giici ve yakit tiiketimleri
Figure 4. Average tractor power and fuel consumption of businesses
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isletmelerin glnlak sit verimlerine
bakildiginda en yiksek 9800 L (650 bas,
izmir/Bergama), en disik 100 L (13 bas

izmir/Bergama) ve ortalama 1230 L olarak
gorllmuistir. Bununla beraber en yiksek st
verimi hayvan basina giinliik 34 L, en dasuk 14.2 L
ve ortalama 21.5 L olarak tespit edilmistir. Ayrica

bulunmustur (Sekil 5). Ozdemir ve ark. (2021),
yaptiklari calismada Balikesir ilinde 66 isletmeyi
incelemislerdir. Bu inceleme sonucunda sagmal
hayvan basina glnlik sut verimini yerli inekte
ortalama 12.73, kiltiir ineginde 18.38, melez
inekte 15.64 L olarak bulmuslardir. Ortalama
ginluk st verimini ise 15.58 L ile yapilan mevcut

hayvan varligi en ¢ok olan ve degerlendirmelerde calismaya gore daha dislik olarak tespit
grafik disi tutulan isletmede, ginlik sit Gretimi etmislerdir.
50625 L, ortalama st verimi 37.5 L olarak
35.00 10000
9000
30.00
8000 =
;—g 25.00 7000 gg
%i; 20.00 6000 g §
gi 5000 Zg
25 1500 5%
=3 w000 &3
§£§ 10.00 3000 éé
i \ // 00 2
5.00 /p q 4 / \ v 1000
oo IN 1 0
13 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
I Sagmal bagina sit verimi =@==Ginllik toplam sit tretimi
Milk yield per dairy cow total milk production per day

Sekil 5. Isletmelerin giinliik toplam siit verimi
Figure 5. Daily total milk yield of businesses

Sagim odalarinda  bulunan siit sagim
sistemlerinde sagmal hayvan sayisina gore farkli
blyuklikte vakum pompalarina ihtiyac
duyulmaktadir.  Farkli  baydklikteki  vakum

pompalarini ¢ahstirmak igin de farkli blyuklikte
elektrik
galismaya gore ayni

motorlari  kullaniimaktadir.  Yapilan

anda sagilacak hayvan

sayisina gore kullanilan vakum pompalarinin
elektrik motoru gigleri Cizelge 1’de verilmistir. 34
adet ve Uzeri sagim Unitesi kapasitesine sahip

sagim odalarinda ise birden fazla vakum

pompasinin ayni sisteme baglanmasiyla gerekli

vakum  degeri saglanmaya c¢alisiimaktadir.
incelenen isletmelerde her grupta yer alan vakum
pompalari goriilmis ve bu vakum pompalarinin
Sekil 6’da detayh

verilmigtir. Duman, (2014) tarafindan yapilan bir

glic gereksinimleri olarak
¢calismada 214, 48 ve 17 bas sagmal inegi bulunan
Ug farkli blyukllikteki isletmenin sagim sisteminin
glinlik enerji tiketimi sirasiyla 68.58, 35.76 ve
13.17 kWh olarak bulunmustur.

Cizelge 1. Farkli sagim Unitesi sayilarina gore gerekli motor glicleri
Table 1. Required motor powers according to different milking unit numbers

Sagim Unitesi sayisi (adet)
Number of milking units (pieces)

1-6

7-9 10-16 17-24 25-34

Motor glci (kW)
Motor power (kW)

2.2

5.5 7.5
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Sekil 6. Sagim Unitesi bagina diigsen gug¢ gereksinimi
Figure 6. Power requirement per milking unit

Yem karma makinasi kullanmayan bir isletme
disi
isletmelerde bulunan bu makinalarin kapasiteleri

degerlendirme tutularak incelenen

ve glc¢ gereksinimleri Sekil 77de verilmistir.

kapasitesine sahip yem karma makinasi ise ozel
tasarim 22 m?3 bir makina olurken, toplam gic
gereksinimi 160 kW’dir. incelenen isletmelerin
ylklenebilir yem miktari olarak ortalama yem

Yiklenebilir yem miktari olarak en kiguk karma makinasi kapasitesi 8.03 m3 olarak
kapasiteye sahip yem karma makinasi 2 m3 bulunurken, ortalama glic gereksinimi 73.32
olurken, gi¢ gereksinimi 26.8 kW olarak kW’dir.
hesaplanmistir.  En  blylk yem ylkleme
180 25
— 160
§§_ 140 20
== —
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Sekil 7. isletmelerin yem karma makinasi kapasiteleri ve gii¢ gereksinimleri
Figure 7. Feed mixer capacities and power requirements of businesses

iki st tanki

bulunmadigindan dolayi degerlendirme 49 isletme

isletmede sogutma
ile gerceklestirilmistir. isletmelerde toplam 14
farkli oldugu
gorilirken, bunlarin kapasitesi 300-10 000 litre
arasinda degismistir.

blyuklikte sut sogutma tanki
Bazi isletmelerde birden
fazla siit sogutma tankinin oldugu tespit edilmistir
(Sekil 8). 1350 olan
isletmede sogutma tanklar ile birlikte ener;ji

Sagmal hayvan sayisi

tiketimini azaltan sogutucu esanjorler
(2019), yaptig

calismada esanjorlerin hayvancilik isletmelerinde

kullaniimaktadir. Kocaman

isitict olarak kullanilabileceginden bahsederken,
yapilan bir baska calismada sagimdan sonra 18-
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20°C olan sitin esanjorler yardimiyla 5°C'ye
duslrulip enerji tasarrufu saglanabileceginden
bahsedilmistir (Kondal, 2019). En kiclk kapasiteli
st sogutma tankinin giic gereksinimi 3 kW, en
blyuginin ise 35 kW’dir. incelenen isletmelerin
ortalama kapasite ve glic gereksinimi sirasiyla
2 018.37 litre ve 13.36 kW'’dir. Edirne’de yapilan
bir baska calismada incelenen isletmelerin 0-5 bas
sagmal hayvani bulunan isletmelerin %97.5, 6-10
bas sagmal hayvani bulunan isletmelerin %98.8,
11-30 bas sagmal hayvani bulunan isletmelerin
%92.6’sinda sit sogutma tankinin bulunmadigi, 31
bas ve lizerinde ise sadece %60'Inin sit sogutma
tankina sahip oldugu gorilmustir (imri, 2018).



Boyar ve Ertekin, 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(2): 228-238

Yapilan bir baska lisanststli calismada st
sogutma tanklarinin isletme genelinde tlketilen
enerjinin yuzdelik oranlari belirlenmistir. Sagmal

inek sayisi 214, 48 ve 17 bas olan g farkli

isletmede sit sogutma tanklarinin sirasiyla giinlik
201.97, 36.36 ve 31.38 kWh elektrik enerijisi
tkettikleri tespit edilmistir (Duman, 2014).
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Sekil 8. isletmelerin siit sogutma tanki kapasiteleri ve gii¢ gereksinimleri
Figure 8. Milk cooling tank capacities and power requirements of businesses

En kiiglik 5, en buyiik ise 1 350 bas sagmalin (en
biyilk isletme grafige eklenmemistir) bulundugu
51 isletmede gerceklestirilen ¢alismaya gore aylik
en dusuk elektrik enerjisi kullanimi 11 bas sagmali
126.58  kWh
belirlenmistir. En bliylik kapasiteye sahip isletmede
(3055 bas, Iizmir/Bergama) ise aylik toplam
165550.63 kWh elektrik
gorilmdustir. Hayvan varligi sayisi arttikca, sagmal

bulunan isletmede olarak

enerjisi  kullanimi

basina disen elektrik enerjisi tiiketimi azalmistir
(Sekil 9). Duman (2014) yaptigl calismada sagim ve

sogutma sistemlerinin tikettigi enerjinin toplam
enerji tuketimine olan oranini,
(2003),

calismada bulunan %44 degerinden daha yuksek

Ludington ve

Johnson tarafindan yapilan benzer
bulmustur. Bunun sebebinin llkemizde sagim ve
sogutma islemleri haricinde mekanizasyon enerji
girdisinin daha dustik oldugunu belirlemistir.
inceledikleri 214, 48 ve 17 bas sagmal kapasiteye
sahip ¢ isletmede sirasiyla glnlik ortalama
elektrik enerjisi tiketim degerlerini, 270.55, 72.12

ve 44.55 kWh olarak tespit etmistir.

400
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Electrical energy consumption perdairy animal
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Sekil 9. Isletmelerin sagmal hayvan basina ve toplam elektrik enerjisi tiiketimleri
Figure 9. Per milk animal and total electrical energy consumption of businesses

Sonuglar

isletmelerin timi incelendiginde kiictik dlgekli
isletmelerin mekanizasyonda gelismislik acisindan

blylk olgekli isletmelere gore modern teknolojik
alet ve makinalardan uzak oldugu gorilmustir. Bu
durum ortalama sit verimine de yansimis, blyik
Olcekli ve mekanizasyon durumu gelismis olan
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isletmelerin sit verimlerinin daha fazla oldugu
gortlmastir. Kuglk olgekli isletmelerde ise siit
sogutma tanklarinin ylksek elektrik enerjisi
tuketen sinifta, sagim makinalarinin tasinabilir
basit makinalar, yem karma makinalarinin da 20
yasindan blyik veya sabit tip oldugu tespit
edilmistir.

Kiglik Olgekli isletmeler ile orta Olgekli
isletmelerin ortalama elektrik enerjisi tiketimleri
hemen hemen ayni gorilirken, sagmal basina
incelendiginde elektrik enerjisi tliketiminin orta
daha

gorilmektedir. Bunu destekler olarak isletmelerin

Olgekli  isletmelerde disik oldugu

sagmal sayisi arttikca sagmal hayvan basina
tuketilen elektrik enerjisinin azaldigl tespit
edilmistir.

Calisma kapsaminda ortalama aylik elektrik
enerjisi kullanimi 91.3 kWh, 1 litre sit eldesi igin
3.4 kWh elektrik enerjisi gerektigi gortlmustir.
isletmelere elektrik enerjisi kullanimini azaltmaya
ve daha verimli kullanmaya yonelik bilgilerin yani
sira yenilenebilir enerji kaynaklari olanaklari ile

enerji verimliligi ylksek makinalar hakkinda
bilgiler verilmistir.
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Su, gida giivenliginin saglanmasinda en &nemli unsurdur. iklim degisikliginin su kaynaklarina en
dénemli etkilerinden biri de kurakhk ve su kithg olarak belirtiimektedir. Ozellikle artan
sicakhklar ve azalan yagislar sonucu sulama suyu ihtiyacinin karsilanamayacagl ve gida
erisilebilirligi ve yeterliligi ve istikrarinin tehdit altina girebilecegi o6ngorilmektedir.
Surdurtlebilir gida ihtiyacinin karsilanmasi ve sanayinin ihtiyaci olan tarim drinlerinin
Uretilebilmesi icin suyun verimli kullanilmasi gerekmektedir. Son yillarda suyun verimli
kullaniminin degerlendirilmesinde su ayak izi analizleri kullaniimaktadir. Tarimda, su ayak izi
disuk olan drdnlerin Uretilmesi, mavi su ayak izinin dusiridlmesi veya yesil su ayak izinin
yukseltilme olanaklari arastiriimaktadir. Bu calismada Konya Kapali Havzasindaki sulama
sebekelerinde bitkisel iretimde mavi ve yesil su ayak izi hesaplanarak degerlendirilmistir.
Arastirma alaninda, yesil net sulama suyu ihtiyaci 13059-1280 m® da? arasinda, mavi net
sulama suyu ihtiyaci ise 166025.81-30950 m?* da arasinda elde edilmistir. Mevsimlik yesil
toplam sulama suyu ihtiyaci 608765.89-59048617.84 m3, mevsimlik mavi toplam sulama suyu
ihtiyaci 6529366.65-492393320.21 m? arasinda tespit edilmistir. Yesil su ayak izi 605130.28-
59048617.84 m3 mavi su ayak izi de 6492626.51- 492393320.21 m? arasinda bulunmustur.
Mavi su ayak izini azaltmak i¢in arastirma alaninda yagmur sularinin su hasadi teknikleri ile
toprakta tutulmasi saglanmali, tarimda suyun verimli kullanimina yénelik 6nlemler alinmalidir.

Anahtar Kelimeler: Sulama sebekesi, Konya kapali havzasi, Tarim, Su ayak izi

ABSTRACT

Water is the most important element in ensuring food security. One of the most important
effects of climate change on water resources is stated as drought and water scarcity.
Especially because of increasing temperatures and decreasing precipitation, it is foreseen that
the irrigation need will not be met, and food availability, adequacy and stability may be
threatened. It is necessary to use water efficiently in order to meet the need for sustainable
food and to produce agricultural products that the industry needs. In recent years, water
footprint analysis has been used to evaluate the efficient use of water. In agriculture, the
possibilities of producing crops with a low water footprint, reducing the blue water footprint,
or increasing the green water footprint are being investigated. In this study, blue and green
water footprints in irrigation schemes in Konya Closed Basin in plant production were
calculated and evaluated. The need for green net irrigation water was between 13059-1280
m3 da?, and the need for blue net irrigation water was between 166025,81-30950 m3 da’. The
seasonal green total irrigation water requirement was determined as 608765.89-59048617.84
m3, and the seasonal blue total irrigation water requirement was determined between
6529366.65-492393320.21 m3. Green water footprint was found between 605130.28-
59048617.84 m? and blue water footprint was found between 6492626.51- 492393320.21 m?.
To reduce the blue water footprint, rainwater should be kept in the soil with water harvesting
techniques in the research area, and measures should be taken to save water and reduce
water losses in agriculture.

Key Words: Irrigation scheme, Konya closed basin, agriculture, water footprint
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Giris

Su, stratejik bir kaynak olup gida glivencesinin
temel unsurudur. Sulama, verim arttirici bir girdi
olup gida ihtiyacinin buyldk bir bélimi sulama
yapilan tarim alanlarindan saglanmaktadir. Artan

nifusa bagh olarak gida ihtiyacinin artmasi
tarimsal su ihtiyacini da Onemli oranda
artirmaktadir.  Bununla birlikte su  kirliligi,
yagislarin giderek azalmasi ve bilingsiz su

kullanimi kullanilabilir su kaynaklarini kisitlamakta
ve gida givenligini tehdit etmektedir (Aklzim ve
Cakmak, 2008).
havzalarda

iklim degisikliginin yasandig

glinimiizde, sektorel su tahsis
planlarinin hazirlanarak, plana gére su kaynaklari
yonetilmeli ve suyun verimli  kullanimi
saglanmahdir.

Dinya genelinde temiz ve saglikli suya erisim
ile gida glivenligi sorununun yakin gelecekte
ortaya c¢ikmasi beklenmektedir. Su glvenligi
olmadan gida glivenliginin saglanmasi mimkiin
degildir (Cakmak, 2016). Diinyada 2.1 milyar insan
temiz igme suyundan, 4.4 milyar insan da glvenli
sanitasyondan yoksun bulunmaktadir (UNICEF,
kirlenmesi

2017). Suyun azalmasi, veya suya

erisilememesi; baslica gida Uretiminin riske
girmesi ve gocgler gibi bircok soruna yol acacaktir.
2030 yilinda su kithg nedeniyle 700 milyon kisinin
yasadigl yerden go¢ edecegi tahmin edilmektedir.

Ulkemizde ekonomik olarak sulanabilir tarim
arazisi 8.5 milyon hektar olarak belirlenmistir. Bu
alanin yaklasik %54’( DSIi tarafindan 2021 yil
kadar

ulkemizde diger

sonuna sulamaya acilmistir. Boylece
kurumlarla birlikte sulamaya
acilan toplam alan yaklasik 6.85 milyon hektara
ulasmistir.  Ulkemizin  yillik  kullanilabilir  su
potansiyeli olan 112 milyar m¥in 2021 vyil
verilerine gére 58.41 milyar m3 ’G kullanilmistir.
Bunun 45.05 milyar m3 ’Gnin (%77) tarimda
sulama amach kullanildigi, 13.36 milyar m3 ’{iniin
(%23)

kullanildigi

ise amach
2022).
Ulkemizin niifusu, Tirkiye istatistik Kurumu (TUIK)
verilerine gore 2021 yil itibariyla 84 680 273 ve

kisi basina disen kullanilabilir yillik su miktar

icme-kullanma ve sanayi

belirlenmistir ~ (Anonim,

2021 yilinda 1,323 m?3 ’tiir. Bu verilere gore

240

Turkiye’'nin su stresi yasayan Ulkeler arasinda yer
aldigi gortlmektedir (Anonim, 2022).

Su yonetimi, su kaynaklarinin planl bir sekilde
ve kullanilmasini
bir
taraftan daha az su ile daha fazla gida Uretmek,

gelistirilmesini, dagitilmasini

kapsamaktadir. GlUnimuzde su yonetimi,
diger taraftan da sel ve kuraklikla micadele

planlari hazirlamak, gift¢i egitim programlari
yapmak ve gevreyi koruyan sulama teknolojilerini
uygulamak zorundadir. Bu nedenle bir taraftan su
kayiplarini ve fazla su kullanimini Onleyecek
tasarruf tedbirleri alinmali diger taraftan da suyun
verimli kullanimi saglanmaldir. Su verimliligi ve
farkh

kavramlardir. Su verimliligi “bir Urlinin veya

su tasarrufu, birbirine yakin ancak
hizmetin lGretiminde en az miktarda su kullanim”
ya da “ayni miktarda su ile daha fazla Girlinlin ya
da hizmetin Uretilmesi” olarak tanimlanmaktadir.
Su verimliligi, israfin engellenmesi ve azaltiimasi
veya su kullanimindan elde edilen faydanin
ylkseltilmesini, su tasarrufu ise kisith su
kullanimini hedeflemektedir.

Son vyillarda su kaynaklari ydnetiminde, su
kullanimi giincel bir gosterge olan su ayak izi
analizleri ile degerlendirilmektedir. Bir bireyin,
sektor ve/veya ulkenin Uretim sireglerinde
kullandigl toplam su hacmi su ayak izi olarak
tanimlanmaktadir. Fakat bir tlkede tiketilen mal
ve hizmetlerin tamami o Ulkede Uretilmedigi igin;
su ayak izi, yurt icinde Uretilen ve ithal edilen
sirecinde  tlketilen

ifade

Urinlerin  Uretim su

kaynaklarinin  toplamini etmektedir
(Hoekstra ve Hung, 2003).

Su ayak izi hem dogrudan su kullanimini hem
de Uretimdeki dolayh su kullanimini kapsadigi icin
geleneksel su kullanim gostergelerinden farkhdir
(Hoekstra, 2003). Su ayak izi; mavi, yesil ve gri su
ayak izi olmak lizere lge ayrilmaktadir. Mavi su
ayak izi; bir UGrinli ya da hizmeti Uretmek icin
kullanilan yizey ve yeralti tath su kaynaklarinin
toplam hacmidir. Yesil su ayak izi; bir malin
Uretiminde kullanilan yagmur suyunun toplami
olarak ifade edilir. Gri su ayak izi; mevcut su kalite
standartlarina bagh olarak, kirlilik ytkanin
uzaklastiriimasi ya da azaltilmasi i¢in kullanilan

tatl su hacmidir (Hoekstra, 2003). Su kirliligine
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yonelik bir gosterge olup, gri su ayak izi

hesaplanirken nifus ve endustriyel
dikkate alinir (Cakmak ve Gokalp, 2011).

1996-2005 yillari arasinda kiresel 6lgekte kisi
basina dlisen ortalama su ayak izi degeri, 1,385

blylime

m3 yilI't olarak hesaplanmistir. Bu deger Cin’de
1,071, Hindistan’da 1.089 ve ABD’de ise 2,842 m3
yil'! olarak belirlenmistir. Turkiye’de ortalama kisi
basina ortalama su ayak izi degeri ise 1,977 m3 yiI
! olarak hesaplanmistir (Hoekstra ve Mekonnen,
2012). Ulkemizde kisi basina ortalama su ayak izi
degerinin dinya ortalamasindan fazla oldugu
goritlmektedir.

Uretimin su ayak izi, bir tlke icerisinde iiretilen
drdnlerin tamami icin gereken toplam su (yesil,
mavi ve gri) miktari olup bir (lkede suyun nasil
kullanildiginin ve bu kullanimin sirdirdlebilir olup
olmadiginin bir gostergesidir. Tirkiye’de 2006-
2011 yillarini kapsayan sliregte Uretimin su ayak
izi 139.6 milyar m3 yil'V’dir. Turkiye’nin tretiminde

ve tliketiminde, en blyik pay! yesil su ayak izi
almaktadir (Sekil 1). Bu durum, Tirkiye’de Gretim
ve tuketimin yagis miktarina ve iklim kosullarina
bagli oldugunun goéstergesidir. Uretimin su ayak
%7’sini

ise endustriyel

%89’unu  tarim sektord, evsel
%4’ana

olusturmaktadir.

izinin
kullanim

bitkisel
Uretimin su ayak izinin yaklagsik %66’sini yesil,
yaklasitk  %20’sini ise mavi su ayak iz
olusturmaktadir (WWF Tirkiye, 2014). Tiketimin
su ayak izi; bir Glkede tiketilen mal ve hizmetlerin
tath
Turkiye’de tiketimin su ayak izi 140.2 milyar m?

kullanim ve

Tarim sektoriinde,

Uretiminde kullanilan su  miktari olup
yilV’dir. Tiiketimin su ayak izinde, %66 ile yesil su
ayak izi, %17 mavi su ayak izi ve %17 ile gri su
ayak izi pay almaktadir. Sektérler arasinda tarim
%89 ile tiketimin su ayak izinde en yuksek orana
sahiptir. Endustriyel ve evsel kullanim, tiiketimin
su ayak izinin sirasiyla %6’sin1 ve %5’ini olusturur

(WWF Tiirkiye, 2014).
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17%
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17%
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Uretimin Su Ayak Izi

® Mavi Su mYesil Su

Tiiketimin Su Ayak Izi
Gri Su

Sekil 1. Bilesenlerine gore Tirkiye’de Gretimin ve tiketimin su ayak izi (WWF Turkiye, 2014)
Figure 1. Water footprint of production and consumption in Turkey by components (WFF Turkey, 2014)

Bu calismada Konya Kapal Havzasi sulama
sebekelerinde 2021 vyili verilerine goére bitkisel
Uretimin mavi ve yesil su ayak izi hesaplanarak
tarimsal su ayak izi degerlendirilmistir.

Materyal ve Yontem

Konya ilinde 1 858 692 ha alanda tarim
yapilmaktadir. Konya ilinde, Ciftci Kayit ve Tlrkvet

241

Sistemine kayitl toplam 133629 ciftci ile tarimsal
faaliyet yapiimaktadir. Yilhk yagis miktari 300-760
mm arasinda degismektedir. Konya ilinde 609 299
ha alanda sulu tarim yapilmaktadir. Konya ilinde
ideal kosullarda toplam tarim alani 1 858 692 ha
olup bitki su ihtiyaci; 4.1 milyar m® hesaplanmuistir.
Yeralti ve yerustt kullanilabilir su miktari ise; 3.1
milyar m® olup mevcut sulanan alanlar igin su
potansiyelinin  yeterli

olmadigi gorulmektedir
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(KTOM, 2022).

Bu c¢alismada Konya Kapali Havzasi sulama
sebekeleri materyal olarak alinmistir (Cizelge 1).
Sulama sebekelerinin 2021 yili verileri gbz oniline
alinarak Sulama

hesaplamalar  yapilmistir.

Cizelge 1. Konya kapali havzasi sulama sebekeleri (Anonim, 2022)
Table 1. Konya closed basin irrigation schemes (Anonymous, 2022)

sebekelerine iliskin veriler Devlet Su isleri Genel
Midirliglt (DSI) raporlarindan temin edilmistir
(Anonim, 2022). Bitkilere iliskin veriler ise TAGEM
tarafindan SUET

gelistirilen yazilim

uygulamasindan alinmistir.

Isletmeye . Sulama alani (ha)
Sulama sebekesi acidig yil Isleten teskilat L Sulanan alan (ha)
L . o Irrigation area .
Irrigation scheme Year of Operating organization (ha) Irrigated area (ha)
operation
Gumra 1912 Sulama Birligi 59560 59555
Altinapa 1968 Konya Blyliksehir Belediyesi 1015 260
Kireli 2002 Sulama Birligi 10511 1471
ivriz 1983 Sulama Birligi 36108 36108
Damlapinar 2015 Sulama Birligi 1020 479
Sugla 1998 Sulama Birligi 9530 5709
Gembos-Yesildag 2012 Sulama Birligi 3007 1193
Seydisehir 2014 Sulama Birligi 7202 3344
Gevrekli 1987 Sulama Birligi 4438 2138
Bir Ulkedeki ulusal su ayak izi, tarimsal, evsel ve unsurdan olusmaktadir. Arastirma alaninda,

endustriyel sektorlerden kaynaklanan su ayak
esit Farkli
ulkelerde bitkisel Gretimin ve bitkilerin su ayak

izlerinin  toplamina olmaktadir.
izleri Cizelge 2 ve Cizelge 3’te verilmistir. Ulkelerin
bitkisel

tiketimini etkilemekte ve su ayak izi farklihk

beslenme  aliskanliklari, Uriinlerin

gostermektedir. Benzer sekilde bitki su tiketimi
ve yagislara bagh olarak bitkilerin de su ayak izi
yetistigi tilke/bolgeye gore degismektedir. Yesil su
ayak izi, tarimsal dUretimin yagislara bagl
oldugunu gostermektedir. Mavi su ayak izi ise,
bitkisel Uretimde sulamanin ve suyun verimli
kullaniminin ~ édnemini (WWF
Turkiye, 2014).

Bu calismada bitkisel Gretimin su ayak izinin

vurgulamaktadir

belirlenmesinde Chapagain ve Hoekstra (2004)

tarafindan gelistirilen su ayak izi yontemi
kullaniimistir. Bitkisel Giretimde, su ayak izi blyik
Olclide bitkilerin su tliketim miktarlarina baghdir.
Su ayak izinin belirlenmesi akis semasi Sekil 2’de
verilmistir. Bitkilerin yetistirilmesinde kullanilan

su, yagislar ve sulama suyu olmak Uzere iki temel
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Chapagain ve ark. (2006) tarafindan gelistirilen su
ayak izi ydntemiyle m3 yil't ve m3 ton cinsinden
su ayak izi degerleri hesaplanmistir. Yesil ve mavi

su ihtiyaci, CROPWAT 8.0 programi ile
hesaplanmistir.  Hesaplamalar icin  gerekli
meteorolojik veriler Meteoroloji Genel

Mudurlaga (MGM)'nden alinmistir.

Bitkisel Gretimin su ayak izi, GUlkede yetistirilen
bitkilerin su ayak izlerinin toplamidir. Bitkisel
Uretimin  su ayak izinin hesaplanabilmesi icin
bitki
hesaplanmasi  gerekmektedir (Chapagain ve
Hoekstra, 2004). Bu ¢alismada bitki su tiketimi ile
etkili yagis CROPWAT 8.0
hesaplanmis ve etkili yagisin belirlenmesinde
USDA-SCS modilu

alanindaki sulama sebekelerinde 2021 vyili bitki

oncelikle vyesil ve mauvi su tliketiminin

programi ile

kullantimistir. Arastirma
deseni Cizelge 4’te verilmistir. Bitki su tlketimi
(ET, m3 ha'l), mavi ve yesil su ihtiyacinin toplami
olarak hesaplanmaktadir (Chapagain ve Hoekstra,
2004).
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Cizelge 2. 1996-2005 yillarini kapsayan siregte bazi Ulkelerin bitkisel Gretimden kaynaklanan ortalama su ayak izleri (milyar
m3 yilI'!) (Mekonnen ve Hoekstra, 2011a)

Table 2. Average water footprints (billion m? year?) from crop production in some countries over the period 1996-2005
(Mekonnen and Hoekstra, 2011a)

Ulke Yesil Mavi Gri Toplam
Country Green Blue Grey Total
Hindistan / India 716.0 231.4 99.4 1046.8
Cin / China 623,9 118.9 223.8 966.6
ABD / USA 612.0 95.9 118.2 826.1
Rusya / Russia 304.8 10.4 11.6 326.8
Brezilya / Brazil 303.7 8.9 16.0 328.6
Endonezya / Indonesia 285.5 11.5 20.9 317.9
Nijerya /Nigeria 190.6 1.1 0.6 192.3
Arjantin /Argentina 157.6 4.3 5.0 166.9
Kanada / Canada 120.3 1.6 18.2 140.1
Turkiye / Turkey 75.7 15.2 9.4 100.3
iran / Iran 43.0 39.8 8.8 91.6
Pakistan / Pakistan 40.6 74.3 21.8 136.7
Suriye /Syria 14.0 6.9 2.4 23.3
Irak /Iraq 9.0 12.7 2.2 23.9
Diinya /World 5771 899 733 7404

Cizelge 3. Bazi bitkilerin diinya ortalamasi olarak su ayak izleri (m3 ton™!) (Mekonnen ve Hoekstra, 2011a)
Table 3. Water footprints (m? ton?) of some crops as world average (Mekonnen and Hoekstra, 2011a)

Bitkiler Yesil Mavi Gri Toplam
Crops Green Blue Grey Total
Bugday /Wheat 1277 342 207 1826
i')'j::: misir /- Silage 947 81 194 1222
Sorgum /Sorghum 2857 103 87 3047
Patates / Patato 191 33 63 287
S.Pancari /Sugar beet 82 26 25 133
Fasulye / Bean 320 54 188 562
Badem / Almond 4632 1908 1507 8047
Ceviz / Walnut 2805 1299 814 4918
Zeytin / Olive 2470 499 45 3014
Aycicegi / Sunflower 3017 148 201 3366
Kavun / Melon 5087 56 41 5184
Pamuk / Cotton 2282 1306 440 4028
Ispanak / Spinach 118 14 160 292
Domates / Tomato 108 63 43 214
Hiyar /Cucumber 206 42 105 353
Patlican / Eggplant 234 33 95 362
Sogan / Onion 192 88 65 345
Muz / Banana 660 97 33 790
Limon / Lemon 432 152 58 642
Elma /Apple 561 133 127 821
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MMeteorolojik

Veriler

ET'min
Sulama

ile Karsilanan
Kismi

CROPWAT B0
Programu

Bitki Su
Tilketimi{ET)

TOPLAM
SU AYAK iZ1

Bitki
Earakteristikleri

ET"min

Dogal Yagislar il
Karzilanan Kismi

Sekil 2. Tarimsal su ayak izi akis semasi (Avci ve ark., 2022)
Figure 2. Agricultural water footprint flow chart (Avci et al., 2022)
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Cizelge 4. Arastirma alanindaki sulama sebekelerinde 2021 yih bitki deseni (%) (Anonim, 2022)
Table 4. Plant pattern (%) in irrigation schemes in the research area in 2021 (Anonymous, 2022)

Bitki cesidi
Crop type

Altinapa
Kireli

Cumra

Hububat
Cereals
Sekerpancari
Sugarbeet

Yem Bitkisi
Forage Crops
Baklagil
Legume
Patates

Potato

Hashas (Kapsiil)
Poppy (Capsules)
Hashas (Tohum)
Poppy (Seed)
Bostan

Orchard

Misir

Maize

Sebze
Vegetable
Meyve

Fruit

Aycicegi
Sunflower

Cilek
Strawberry

55.00 34.00

8.00 59.00
2.00 1.00

4.00

1.00
17.00

2.00

Yesil bitki su tliketimi, bitki su tiiketiminin etkili
yagis miktari ile karsilanan miktaridir. Etkili yagisin
(Pe) bitki su tiiketimine esit veya fazla olmasi
durumunda vyesil bitki bitki
tiketimine esit olmaktadir (Esitlik 1). Bitki su
tuketiminin etkili yagistan fazla oldugu durumda

su tuketimi, su

ise yesil bitki su tliketimi Pc'ye esit olmaktadir

(Esitlik 2).

ET <P,
ET > P,

(Esitlik 1)
(Esitlik 2)

ise ETyeq = ET

ise ETyess = P

Esitliklerde; ETmavi, bitki su tiketiminin ylzey
ve vyeraltt suyundan karsilanan miktari (mm);
ETyesi, bitki su tiketiminin yagislardan karsilanan
miktari (mm); Pe, etkili yagisi, ET ise bitki su
tiketimini ifade etmektedir.

Sulama sebekeleri
Irrigation schemes

s .
< - z =
= 8 A &L 8 &
48.00 3.00 27.00 11.00 23.00 17.00
1.00 17.00 20.00 - 29.00 39.00
5.00 37.00 6.00 4.00 3.00 4.00

- 12.00 7.00 58.00 20.00 1.00

- 1.00 1.00 - 1.00 4.00

- 3.00 - - - -

- 6.00 17.00 - 17.00 26.00
14.00 17.00 20.00 9.00 3.00 3.00
5.00 2.00 1.00 2.00 1.00 2.00

- 1.00 - 10.00 - -
27.00 - - 2.00 - 2.00

- - - 4.00 - -

- 1.00 1.00 - 3.00 2.00

Bitki su tilketimi ile etkili yaglis miktar
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arasindaki fark mavi bitki su tiketimi veya net
sulama suyu miktari olarak ifade edilmektedir.
Bitki su tiketiminin etkili yagis miktarina esit
ve/veya fazla oldugu durumda mavi bitki su
tlketimi (dn, ETmavi-teorik), bitki su tiketimi ile etkili
yagis miktari arasindaki farkta esit olup Esitlik 3 ile
hesaplanmaktadir. Etkili yagis miktarinin bitki su
tiketiminden fazla oldugu durumda ise sulamaya
ihtiya¢c kalmayacagindan mavi bitki su tiketimi
sifira esit olmaktadir (Esitlik 4).

ET = P, ise
ET <P,

ETmavi-teoric = ET — B, (E§|tl|k 3)
(Esitlik 4)

ise ETmavi-teorik = 0
MaVi b|tk| Su tuket|m| (dn, ETmavi-teorik), teo”k
olarak bitki tarafindan ihtiya¢ duyulan sulama

suyu miktarini ifade etmektedir. Bu miktar, sulama
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suyunun kaynaktan bitkiye ulasmasi sirasinda
Bu
nedenle, mavi bitki su tliketimi (dn, ETmavi-teorik)

olusan su kayiplarini kapsamamaktadir.
sulama randimanina (E) bollinerek toplam sulama
Bitki
tiketiminin su ayak izi bilesenleri (m3® ha?),

suyu ihtiyaci hesaplanmaktadir. su
bitkinin blylime mevsimindeki yesil ve mavi bitki
su ihtiyaci (su ihtiyacit WR, mm giin-1) miktarlarina
bagh degerlerdir. Bu bilesenler (m? ha™), asagidaki
esitliklerden faydalanilarak hesaplanmaktadir.

WRmavi = WRmavi—teorik/E (E§|t||k 5)

WRyes;(m? yil™') = WResy (m® ha™")x Sulanan alan (ha yi™")
WR, i (M3 yil™Y) = WR,, 0, (M3 ha™Y)x Sulanan alan (ha yil™!

Birim Uretim miktari basina yesil ve mavi su
ayak izi (m3 ton?) bilesenleri; bitki yetisme
mevsimi boyunca kullanilan yesil ve mavi su
hacminin (m3 yil'?) yillik Gretim miktarina (ton yil?)
(Esitlik 10 Esitlik 11)
(Mekkonen Hoekstra,
2011b). Yesil ve mavi su ayak izi bilesenleri

bolinmesiyle ve

hesaplanmaktadir ve

WRy e (m® ton™) = WR,,oq;;(m® yil~H)x Uretim miktar: (ton y1l™")
WRpavi (M3 ton™) = WR,,0,: (M3 yil~ V) x Uretim miktari (ton yil™)

V="P/A (Esitlik 12)
SSMinavi = ETmavi/V (Esitlik 13)
SSMyesit = ETye5iu/V (Esitlik 14)
SSMiopiam = SSMmavi + SSMyyeqi; (Esitlik 15)
SAtopiam = LSSM x P (Esitlik 16)

Esitliklerde;

V = verim (ton hal),

P= Uretim miktari (ton),

A= ekilen alan (ha),

SSMmavi =mavi sanal su muhtevasi (m3 ton?),
SSMyesii =yesil sanal su muhtevasi (m3 ton?),
SSMioplam =toplam sanal su muhtevasidir (m3 ton)
ve

SA= Su ayak izidir (m3).

CROPWAT 8.0 programinda Penman-Monteith
yontemi ile arastirma alanina ait bitki su tiketimi
degerleri hesaplanmistir. Daha sonra arastirma
alani icin Uretim miktari, bitki su tiketimi, sulanan
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(Esitlik 6)
(Esitlik 7)

WRyesil(m3 ha ") = L10XWR o5 (mm)
WRmavi(m3 ha_l) = 10X WR 40 (mm)

Yetisme mevsiminde yesil, mavi ve toplam su
ayak izi degerleri; bitkisel Gretim icin kullanilan
yilt)
Kullanilan yillik su hacmini

suyun toplam hacmi (m3 cinsinden
hesaplanmaktadir.
gosteren (m3 yil'!) su ayak izi gdstergesi, m3 ha?

cinsinden elde edilen su ayak izi degeri ile sulama

yapilan alan (ha) degerinin c¢arpimi ile
hesaplanmaktadir.
(Esitlik 8)
(Esitlik 9)

toplanarak m3 ton! cinsinden toplam su ayak izi
2006;
Muratoglu, 2018). Her bitkinin su ayak izi (m?3) ise

degeri bulunmaktadir  (Chapagain,

sanal su muhtevasi (SSM) ile Gretim miktarinin

carpimiyla  (Esitlik 16) elde edilmektedir
(Chapagain ve Hoekstra, 2004).
(Esitlik 10)
(Esitlik 11)

ekim alani, sulama sebekelerinin 6zellikleri,
sulama randimani kullanilarak bitkisel Uretimin

mavi ve yesil su ayak izi hesaplanmistir.
Aragtirma Bulgulari ve Tartisma
Arastirmada materyal olarak alinan Konya
Kapali Havzasinda bulunan 9 sulama sebekesinde,
yesil, mavi ve toplam net sulama suyu ihtiyaci
belirlenmis ve sonucglar Cizelge 5'te verilmistir.
Cizelge 5’te gorildugl tizere sulama randimani en
disuk Kireli sulama sebekesinde %22, en yuksek
ise Cumra sulama sebekesinde %75’tir. Sulanan
alan en az Damlapinar sulama sebekesinde 479
ha, en fazla ise Cumra sulama sebekesinde 58560
ha’dir. (WRyesil)
Damlapinar’da 13059 m3 ha! ve en az Altinapa’da

Yesil su ihtiyac en fazla

1280 m3 hal olarak tespit edilmistir. Bunun
nedeni, Damlapinar sulama alaninda yaklasik %30
hububat ve baklagil, Altinapa’da ise sadece meyve
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yetistirilmesidir. Mavi su ihtiyaci (WRmavi) ise en
fazla Seydisehirde 166025.81 m3? ha' ve en az
Altinapa’da 30950 m® ha! olarak elde edilmistir
(Sekil 3). Su tiuketim miktari yiksek olan
sekerpancari (%29), baklagil (%20) ve bostan
(%17) yetistirildigi icin Seydisehir sulama alaninda
mavi su ihtiyac yuksektir. Altinapa’da sulanan
alan oldukga kiictik olup 100 ha’dir.

Arastirma alanindaki sulama sebekelerinde
mevsimlik yesil, mavi ve toplam sulama suyu
ihtiyaglari Cizelge 6’da verilmistir. Mevsimlik yesil
ve mavi sulama suyu ihtiyaci en fazla Cumra
sulama sebekesinde, en az ise Damlapinar sulama

sebekesinde elde edilmistir (Sekil 4). Toplam
mevsimlik  sulama suyu ihtiyacini; sulama
randimani, bitki su tiketimi ve bitkinin ekim alani
etkilemektedir. Arastirma alaninda sulama
randimani en dislik Kireli sulamasinda, birim alan
icin yesil ve mavi net sulama suyu ihtiyaci 7553 m?3
hat ve 144772.27 m3 ha! ile mevsimlik yesil ve
mavi sulama suyu ihtiyaci 1229623.61m3 ve
30740255.93m3 olarak belirlenmistir. Sulama
randimani en yiksek Cumra sulamasinda ise
mevsimlik yesil toplam sulama suyu ihtiyaci
59048617.84 m3, mevsimlik mavi toplam sulama
suyu ihtiyaci 492393320.21 m3 olarak tespit

edilmistir.

Cizelge 5. Arastirma alaninda 2021 yilina iligkin birim alan igin yesil ve mavi net sulama suyu ihtiyaci
Table 5. Green and blue irrigation water requirement per unit area for 2021 in the research area

WRye§iI WRmavi WRtopIam
Sulama Sebekesi Sulanan Alan (ha) (m3ha?) (m3ha?) (m3ha?)
Irrigation Scheme Irrigated Area (ha) WRgreen WRbie WRtotal
(m? hal) (m? ha'l) (m? ha'l)
Damlapinar 479.00 13059.00 118508.77 131567.77
Cumra 59555.00 9449.00 61286.13 70735.13
Kireli 1471.00 7553.00 144772.27 152325.27
Altinapa 260 1280.00 30950.00 32230.00
ivriz 36108.00 8598.00 72550.00 81148.00
Sugla 5709.00 10633.00 124717.50 135350.50
Gembos -Yesildag 1193.00 10315.00 132002.70 142317.70
Seydisehir 3344.00 11693.00 166025.81 177718.81
Gevrekli 2138.00 11596.00 158213.51 169809.51
Ortalama 12250.78 9352.89 112114.08 121466.97
Average
Toplam 110257.00 84176.00 1009026.69 1093202.69
Total
Cizelge 6. Arastirma alaninda 2021 yilina iliskin mevsimlik yesil ve mavi toplam sulama suyu ihtiyaci
Table 6. Seasonal green and blue total irrigation water requirement for 2021 in the research area
Sulama Sebekesi Sulama Randimani (%) WRyesil (M?3) WRmavi (m?3) WRioplam (mM?)
Irrigation Scheme Irrigation efficiency (%) WRgreen (M?) WRbiue (M°) WRiotal (M)
Damlapinar 57.00 608765.89 6529366.65 7138132.54
Cumra 75.00 59048617.84 492393320.21 551441938.1
Kireli 22.00 1229623.61 30740255.93 31969879.54
Altinapa 24.00 1299200.00 31414250.00 32713450
ivriz 54.00 43052823.96 474925379.33 517978203.3
Sugla 40.00 6412348.80 86076876.60 92489225.4
Gembos- Yesildag 37.00 1295860.46 17361664.51 18657524.97
Seydisehir 31.00 3809518.24 65095166.97 68904685.21
Gevrekli 37.00 2440655.28 39583163.14 42023818.42
Ortalama 13244157.12 138235493.7 151479650.8
Average
Toplam 119197414.09 1212705193.34 1363316857.48
Total
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Sekil 3. Arastirma alaninda yesil ve mavi sulama suyu ihtiyaci (m3 ha)
Figure 3. Green and blue irrigation water requirement (m* ha?) in the research area
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Sekil 4. Arastirma alaninda mevsimlik yesil ve mavi sulama suyu ihtiyaci (m3)
Figure 4. Seasonal green and blue irrigation water requirement (m3) in the research area

Uretim miktari ve verim degerlerinden
yararlanilarak mavi ve yesil sanal su muhtevasi ile
su ayak izi degerleri hesaplanmistir (Cizelge 8).
Yesil sanal su muhtevasi en fazla 3743.87 m3 ton™!
ile Damlapinar sulama sebekesinde, en az 64.00
m3 ton! ile Altinapa sulama sebekesinde elde
edilmistir. Mavi sanal su muhtevasi ise en fazla
Gevrekli sulama sebekesinde 29050.33 m? ton™,
en az Altinapa sulama sebekesinde 1547.50 m3

1

ton olarak belirlenmistir (Sekil 5). Yesil su ayak
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izi en dustk Damlapinar sulama sebekesinde

605130.28 m3, en fazla Cumra sulama
sebekesinde 59048617.84 m3 olarak elde
edilmistir. Mavi su ayak izi de en disik

Damlapinar sulama sebekesinde 6492626.51 m?3,
en fazla sulama
492393320.21

Arastirma alaninda g6z oOnitine alinan sulama

Cumra sebekesinde

m3 olarak tespit edilmistir.

sebekelerinde toplam vyesil su ayak izi yaklasik
0.119x10° m?3, toplam mavi su ayak izi de yaklasik
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1.241x10° m¥tir. Ulkemizde bitkisel Gretimde
yesil ve mavi su ayak izi sirasiyla 75.7 ve 15.2
milyar m3 yil"t olarak belirlenmistir (Mekonnen ve
2011a).

genelinin aksine yagislarin azalmasi ve yagislardan

Hoekstra, Arastirma alaninda, dinya
yeterince yararlanilamamasi nedeniyle yesil su
ayak izi daha disik elde edilmistir.

Iraz (2021), Firat havzasinda tarimsal Gretimde
yesil, mavi ve gri su ayak iz degerlerini sirasiyla
6.33 milyar m3, 15.89 milyar m? ve 3.07 milyar m3

olarak saptamistir. Yapilan bir baska calismada,
Tiurkiye’de 97 adet bitki gdz ©6nlne alinarak
toplam tarimsal su ayak izi 106.85 milyar m3
olarak belirlenmistir. Toplam su ayak izinin %44’u
yesil su ayak izi ve %56’sI ise mavi su ayak izi
olarak belirlenmistir. Tahil grubu bitkilerde en
yuksek mavi ve yesil su ayak izi bugdayda elde
edilmistir. Misir, bugday, seker pancari, yonca,
gibi bitkilerin su ayak izlerinin ylksek oldugu
belirlenmistir (Avanoz, 2020).

Cizelge 7. Arastirma alanindaki sulama sebekelerinde 2021 yili bitki verimleri (kg da™)
Table 7. Plant yields (kg da?) in 2021 in irrigation schemes in the research area

Bitki cesidi
Crop type

Cumra
Altinapa
Kireli
ivriz

Hububat
Cereals
Sekerpancari
Sugarbeet

Yem Bitkisi
Forage Crops
Baklagil
Legume
Patates

Potato

Hashas (Kapsil)
Poppy (Capsules)
Hashas (Tohum)
Poppy (Seed)
Bostan

Orchard

Misir

Maize

Sebze
Vegetable
Meyve

Fruit

Aycicegi
Sunflower

Cilek
Strawberry
Diger

Other

670 350 42

6 660 7100

1200 2 000 85

350

200

1440 5000

500
1000

165

Ulkemizde su ayak izi ile ilgili bir baska
calismada Dicle havzasinda bugday, fistik, misir,
pamuk ve Uzlm gibi yaygin olarak tarimi yapilan
bitkilerin su ayak izi degerleri hesaplanmistir.
Tarimsal Uretimde verimliligin artirilmasi ve su
kayiplarinin azaltilmasi kosuluyla yesil su ayak izi
en ylksek olan bugday bitkisinin ekiminin tesvik

0

6 800

0

4000

4000

300

249

Sulama sebekeleri
Irrigation schemes

€ n () v > )

rDu (U] > 3 O
350 530 500 400 450
6 000 6 000 - 6000 6 000
2 000 600 2 000 2 000 600
200 200 200 200 200
4000 4000 - 6 000 5000
50 - - - -
55 - - - _
2500 1500 - 120 200
5000 6 000 5000 6 000 6 000
500 600 500 600 1600
2500 - 4500 - -
- - 200 - 250
- - 1500 - -

edilmesi Onerilmistir  (Muratoglu, 2018).

Muratoglu (2019), 2010-2018 vyillari i¢in Yukari
Dicle Havzasinda mavi, yesil ve vyillik ortalama su
ayak izi degerlerini sirasiyla 3.4x10° m3 yil?,
3.7x10° m3® wyilt ve 7.2x10° m3 wyil?t
saptamistir.

olarak

Muratoglu (2020), Diyarbakir ilinde tarimsal
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Uretimin su ayak izinin mavi ve yesil bilesenlerini
sirastyla 1.43x10° m3 ve 1.50x10°% m3 olarak tespit
etmistir. Elde edilen sonuglara gore tarimsal
faaliyetlerde kullanilan mavi su oraninin %49’a
karsihk geldigi bildirilmistir. Kiresel 6lcekte 1996-
2005 wyillarinda yapilan arastirmada tarimsal
aktivitelerde yesil su orani %78, mavi su orani
%12 ve gri su orani %10 olarak belirlenmistir. Bu
rakamlar, yesil suyun kiresel gida Uretimindeki
onemini dogrulamaktadir. Mavi su ayak izinin
fazla oldugu bolgeler genellikle kurak-yari kurak
olarak kuru tarimda su

bolgelerdir. Kuresel

verimliligini artirarak verim dlzeyini dort katina

(2019), Van
calismada yorede yaygin olan yetistirilen bitkilerin

Yerli ve ark. ilinde vyaptiklari
su ayak izi degerlerini hesaplamistir. Arastirma
sonucunda en yliksek su ayak izi yonca bitkisine
ait olup 638 827 875 m?3 olarak belirlenmistir. Elde
edilen bulgular sonucunda su ayak izi yiksek olan
yonca bitkisi yerine ekonomik degeri daha yiksek
ve su ayak izi daha az olan urlnlerin yetistirilmesi
onerilmistir.

Ulkemizde farkl bélgelerde farkh arastirmacilar
tarafindan ydiritilen su ayak izi analizlerinde elde
edilen sonuglar yukarida 6zetlenmistir. Yapilan

calismalarda bitkisel Uretimde mavi su ayak izi

kadar artirmanin mumkiin oldugu yesil su ayak izine gore daha yliksek belirlenmistir.
belirtiimektedir. Ancak, kurak- vyari kurak  Arastirma alaninda elde edilen su ayak izi
bolgelerde mavi su uygulanmadigl takdirde, degerlerinin Ulkemiz genelinde tespit edilen su
kiiresel olarak mevcut tahil Gretimi 6nemli dlclde ayak izi degerleri ile uyumlu oldugu
dusecektir (Mekonnen ve Hoekstra, 2011a, gorilmektedir.
2011b).
Cizelge 8. Arastirma alanindaki sulama sebekelerine ait sanal su muhtevasi ve su ayak izi degerleri
Table 8. Virtual water content and water footprint values of irrigation schemes in the research area
. SSMyesil (m3ton’ SSMmavi SAtoplam
Sul bek
u alr:;f 3‘:’0‘; est 1 (m3ton?)  SAyesi (m?) SAmavi (M?) SAtoplam (M?) (10° m?3)
Scieme VWCgreen VWChiue WFgreen (m3) WFque(m3) WFtotal (m3) WFtotal (106
(m? ton?) (m? ton) m3)
Damlapinar 3743.87 15711"21 605130.28 6492626.51 7097756.79 7.10
Gumra 1858.41 14323'2 59048617.84 49239332021  551441938.05 551.44
Kireli >97.49 13071'3 1229623.61  30740255.93 31969879.54 31.97
Altinapa 64.00 1547.50 1299200.00 31414250.00 32713450.00 32.71
vriz 819.50 9520.46 43052823.96  474925379.33 517978203.29 517.98
Sugla 1449.09 15004"21 6369017.49  85465157.25 91834174.74 91.83
Gembos-Yesildag 2591.01 24507'2 1295860.46  17361664.51 18657524.97 18.66
Seydisehir 1819.60 28503'§ 3667063.84  62659332.65 66326396.49 66.33
Gevrekli 2147.26 29050'3 2408200.44  39076977.19 41485177.63 41.49
Ortalama ;1950421 1378365515 151056055.72 151.06
Average
Toplam 118975537.9  1240528963.5 1359504501.5
1359.5
Total 2 9 1
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Gevrekli
Seydisehir
Gembos-Yesildag
Sugla

fvriz
Altinapa
Kireli

Cumra
Damlapinar

T

Sulama Sebekesi

o
o

0 100,00 200,00

300,00

400,00 500,00 600,00

SA (10% m3)

B SAmavi

B SAyesil

Sekil 5. Aragtirma alanindaki sulama sebekelerine ait su ayak izi degerleri
Figure 5. Water footprint values of irrigation schemes in the research area

Oneriler

Diinyada son yillarda iklim degisikligi nedeniyle

tarimsal  Urinlerde  kayiplar  yasanmaktadir.
Kurakhktan etkilenen alanlarin ve kurakligin
siddetinin 6nemli 6l¢lide artacagi ve 2050 yilinda
su kithgl yasanacagi beklenmektedir. Bu noktada
suyun verimli kullanimi gerekmektedir. Suyun
verimli kullanimi igin su ayak izinin azaltilmasi
esastir. Genellikle gelismis Ulkelerde su ayak izi
degerleri daha dusiik olmaktadir. Gelismekte olan
Ulkelerde ise ylksek su ayak izi degerleri, birim
daha

kaynaklanmaktadir.

dretim igin fazla su kullanimindan

Bitkisel Gretimde suyun verimliligini arttirmak

icin su ayak izinde vyagislardan daha fazla

yararlanmak ve vyesil su kullanim etkinligini
arttirmak gereklidir. Bu amagla bitki deseninin
ya da Dbitkilerin

takviminin yagislardan yararlanilacak doéneme

degistirilmesi ekim-hasat
ulusal/bolgesel
Su
kaynaklarinin verimli kullaniminin saglanmasi icin

getirilmesine yonelik

arastirmalara  ihtiyagc  duyulmaktadir.
yesil sudan daha fazla faydalanmaya ve mavi
sudan tasarruf saglamaya yonelik calismalar
yapitimalidir. Yesil su ayak izinin arttiriimasi,
yagislardan en Ust diizeyde yararlanarak mimkin
Bu

uygulanmasi ve uygun bitki deseni planlamasi ile

olabilir. amacla su hasadi tekniklerinin

yagislar toprakta tutulmalidir.

Turkiye’'de su kaynaklarinin planlama ve

yonetiminde su ayak izi g6z 6nline alinmaldir.
Kalkinma planlarinda su yodnetim strateji ve

hedeflerinde su ayak izine yer verilmelidir. Su
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ayak izini azaltmadan suyun verimli kullanimi
mumkin degildir. Boylece hem su tasarrufu
saglanarak etkin su kullanimi gergeklesecek hem
de daha az su ile daha fazla mal ve hizmet
uretilmis olacaktir. iklim degisikliginin Tirkiye'yi
etkiledigi, kuraklik ve c¢o6llesme belirtilerinin
goruldtugl bir gergektir. Bu durumda tarimda,
yesil
uygulamalarina 6nem verilmelidir.

Su

kullanimini

su ayak izini arttiracak su verimliligi

ayak izini azaltmak, suyun verimli

saglamak ve su kaynaklarinin

suirdurilebilirligini  saglamak, tim paydaslarin
ortak bir politika izlemesi ile mimkin olabilir.
Tirkiye’nin su kaynaklarina yonelik muhtemel
ve tehditler

gidermeye/azaltmaya yonelik 6nlemler alinmali,

riskler belirlenmeli ve bunlari

su ayak izi analizleri vyapilmali, kalkinma
planlarinda sektorlere yonelik stratejiler su
politikalari ile  bUtlnlestirilmeli, sektorlerde

Uretim zincirleri boyunca su kullanimi izlenmelidir.
Tirkiye’de suyun verimli kullanimi igin tim

sektorlerde su kayiplarinin  6nlenmesi, yasal
altyapinin  olusturulmasi  toplum  bilincinin
arttirillmasi  gerekmektedir. Su verimliliginin
saglanmasi icin suya goére tarim, kayiplarin

kontrolQ, su ayak izi, aritilmis atik sularin kullanimi
gibi konularda ARGE c¢alismalari tesvik edilmelidir.

Cikar Gatigmasi: Yazarlar arasinda herhangi bir
cikar catismasi olmadigi beyan ederiz.

Yazar Katkisi: CAKMAK

tasarlamis, Elifnaz TORUN ile birlikte ylrtutmastar.

Arastirmayl  Belgin

Arastirma sonucunda elde edilen bulgular Belgin
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CAKMAK ve Elifnaz TORUN tarafindan incelenmis
ve makale Belgin CAKMAK tarafindan yazilmistir.
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Arap zamki (AZ) gida sanayisinde bir¢ok alanda yaygin bir sekilde kullanilan, olduk¢a karmasik
bir yapiya sahip bir heteropolisakkarittir. Bu ¢alismada, %20 (AZ 20) ve %32 (a/a) (AZ 32)
konsantrasyonlara sahip AZ numuneleri 60 dk boyunca ozonlanmis ve ozonlama islemi
isleminin sonucunda reolojik, termal ve kimyasal yapi 6zellikleri arastiriimistir. Ozonlama
islemi boyunca AZ 20 ve AZ 32 numuneleri igin sirasiyla litrede 0,021 ve 0,023 g ozon
tiketilmistir. Ozonlama, AZ soliisyonlarinin viskozitesini, akisini ve kivam indeksini dnemli
Olcude azaltmistir (P<0,05). AZ numunelerinin genel kimyasal yapisinda belirgin bir degisiklik
gozlenmemesine ragmen, Fourier dondstimli spektroskopi analizi ile —OH bantlarinin
absorpsiyonunda bir artis tespit edilmistir. Taramal diferansiyel kalorimetre ile yapilan
termal analiz sonuglari tepe sicakliklarinin azaldigini gésterirken, indirgen seker miktarlari da
(galaktoz ve arabinoz) artis gostermistir. Elde edilen sonuglar ozonlama isleminin arap
zamkinin reolojik ve termal 6zellikleri degistirdigini gdstermistir. Ozonlama isleminin, ilgili
sektorlerde uygulanan geleneksel oksidasyon metotlarina karsi ¢evre dostu bir alternatif
olabilecegini sonucuna varilmistir.

Anahtar Kelimeler: Arap zamki, Fourier dontisiim spektroskopi, indirgen seker, reoloji,
yesil kimyasal

ABSTRACT

Gum arabic is heteropolysaccharide with complex structure that is widely used in the food
industry. In this study, gum arabic samples with 20% (AZ 20) and 32% (AZ 32) concentrations
(w/w) were ozonated for 60 minutes and rheological, thermal, and chemical structure
properties were investigated. During ozonation process, AZ 20 and AZ 32 samples consumed
0.021 and 0.023 g ozone/liter, respectively. Ozonation reduced viscosity, flow, and
consistency index of AZ samples (P<0.05). Although no significant change was observed in
overall chemical structure of AZ samples, an increase in absorption of —OH bands were
detected by FTIR analysis. Thermal analysis results showed that peak temperatures
decreased, while amount of reducing sugars (galactose and arabinose) increased. While the
ozonation process provides valuable contributions to sectors related to rheological and
thermal properties of samples, it is thought that oxidation method applied can provide
important advantages as it is cheap, easy to apply, and environmentally friendly.

Key Words: Gum arabic, Fourier transform spectroscopy, reducing sugar, rheology, green
chemical
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Giris

Ozon gazi (03), oksijen molekiliine serbest bir
oksijen atomunun baglanmasi ile olusan renksiz,
keskin bir kokuya sahip ve oldukc¢a aktif olan bir
gazdir. Ozon gazi, Gida ve ila¢ idaresi tarafindan,
“Genellikle guvenilir olarak” ifade edilmektedir
(Brodowska ve ark., 2018). Ozon gazi ilk olarak
gida

kullaniimistir.

suyun ve ekipmanlarinin  dezenfekte

edilmesinde Ozon  gazinin,
oksidasyon islemini gergeklestirdikten sonra, hizli
bir sekilde oksijene donustligl ve oksidize ettigi
ylizeyde hicbir kalinti birakmadigi belirtilmistir
(Pandiselvam ve ark., 2019). ilerleyen ¢alismalar,
ozon gazinin yuksek oksidasyon aktivitesine sahip
oldugunu ve bu sebeple oksidasyon ajani olarak
kullanilabilecegini gbstermistir. Meyve ve sebzeler,
ozonlanmis su ile yikanarak  mikrobiyal
inaktivasyon saglanmis ve onlarin raf odmrinin
uzatilmasi saglamistir. Benzer sekilde ozonun gaz
veya sulu formunun, et ve et Urinlerinde ve tavuk
drlinlerinde, bakliyat ve hububat drinlerinde
mikrobiyal inaktivayonu saglayarak raf émrinin
uzamasina katkida bulundugu tespit edilmistir
(Guzel - Seydim ve ark., 2004). Bununla beraber,
nisasta gibi makromolekillerin  ozonlanmasi
sonucunda, makromolekdillerin reolojik, termal ve
fonksiyonel 6zelliklerini gelistirdigini ortaya koyan
¢alismalar yapilmistir (Chan ve ark., 2011; Catal ve
ibanoglu, 2014). Bu anlamda ozon gazi geleneksel
oksidasyon ile

yontemleri kiyaslandiginda,

ozonlama  yoOnteminin  yiksek  oksidasyon
kapasitesine sahip, hizli, etkili ve ¢evre dostu bir
alternatif olarak degerlendirilmistir (Pandiselvam
ve ark., 2019).

Arap zamki (AZ), Acacia senegal ve Acacia seyal
agaclarindan elde edilen ve akasya zamki olarak da
adlandirilan bir katki maddesidir (Sanchez ve ark.,
2018).

gruplarini hem de karboksilik gruplarini icerdigi ve

Arap zamkinin vyapisinda hem amino

oldukca karmasik ve dalli bir yapiya sahip oldugu
belirtilmistir (Mariod, 2018). Soguk ve sicak suda
karbonhidrat icerigi
cogunlukla D-galaktoz ve D-arabinoz yapilarindan

kolayca c¢o6ziinen AZ'nin

olustugu ve bu yapilarin toplam sakizin yaklasik
%97'sini olusturdugu ifade edilmistir. Bunun yani
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sira AZ, arabinogalaktan-protein ve glikoprotein
gibi
yapilari AZ'nin %3'Unden (a/a) daha az oldugu
bilinmektedir (Ali ve ark., 2018). AZ, tekstil,
seramik,

protein bilesenlerini icerdigi, ve protein

kozmetik ve ilag enddstrilerinde

kullanilmasinin  yani sira gida endistrisinde
sekerleme, unlu mamuller, st Grinleri ve alkolsiz
iceceklerde stabilizat6r, kivam arttirici, emiilgator
ve kapsilleme materyali olarak da yaygin bir
sekilde kullanildig rapor edilmistir (Sanchez ve
ark., 2018). Arap zamkinin, kimyasal yapisini
inceleyebilmek ve onun reolojik, termal veya
fonksiyonel 6zelliklerini gelistirebilmek igin fiziksel
(Al-Asaf ve ark., 2007), kimyasal (Kumar ve Khan,
2005) ve enzimatik (Randall 1989)

modifikasyonlara tabi tutuldugu bildirilmistir.

ve ark.,

Ornegin, Kumar ve Khan (2005), arap zamkinin
kolloidal manganez dioksit (MnO;) ile oksidatif
bozunmasini incelemisler ve calisma sonucunda
arap zamkinin indirgeyici bir yapiya sahip oldugu
ve bu indirgeme 06zelliginin zamkinin
-OH

kaynaklandigl tespit etmislerdir.

arap

iskeletinde bulunan gruplarindan
Ote yandan
Sarika ve ark. (2014), arap zamkinin oldukga dalh
bir yapiya sahip oldugu igin jelatin gibi protein bazli
yapilarla ya zayif baglar olusturdugunu ya da hig
bag olusturamadigini ifade etmislerdir. Bu nedenle
zamki peroksidat kullanilarak modifiye
Shiff

uygulanabilir hale donistirilmis ve bu sayede

arap

edilmis ve boylece bazi reaksiyonu
oksitlenmis AZ, aldehit gruplari ile jelatinin amino
gruplari arasinda ¢apraz bag olusturabilmistir.
Gida sektorinde cesitli amacglarla ve siklikla
kullanilan arap zamkini
belirtildigi
basvurulmustur. Arap zamkinin modifikasyonu

modifiye etmek igin

yukarida Uzere cesitli yontemlere
sonrasinda elde edilen sonuclarda reolojik termal

ve fonksiyonel ozelliklerinin gelistirildigi
belirtilmistir (Sanchez ve ark., 2018; Ali ve ark.,
2018). Bunun yani sira ozonlama islemi cesitli gida
ve katki maddelerinin oksidasyonu icin kullaniimis
ve sonuc¢ olarak, Urlnlerin hem karakteristik
Ozellikleri hem de uygulanabilirligi hususunda
basarili sonuclar elde edilmistir (Pandiselvam ve
ark., 2019). %6 konsantrasyona sahip AZ'nin

ozonlanmasina dair daha 6nce yapmis oldugumuz
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calismada da, AZ'nin reolojik, termal ve
fonksiyonel oOzelliklerinin  gelistirildigine dair
sonuglar elde edilerek raporlanmistir (Ozaslan ve
ibanoglu, 2022). Yapillan calismada, %6

konsantrasyon secilmesinin temel sebebi, AZ'nin
bu konsantrasyonda reolojik agidan ilging bir
sekilde hem Newtonian hem de non- Newtoinian
davranis sergilemesi (Sanchez ve ark., 2002) ve
ozonlama isleminin bu akis sekli Gzerindeki etkisini
belirlemekle beraber, disik AZ konsantrasyonu
kullanimini gerektiren gida sistemleri icin ozonla
modifiye edilmis AZ’nin reolojik, termal ve
fonksiyonel o6zelliklerini nasil etkileyebilecegine
dair sonuglari ortaya koymakti . Ozonlanmis %6
konsantrasyona sahip AZ numunelerinin FTIR
analizi sonuglarina goére, numunelerin kimyasal
—OH

baglarinin absorbasinin arttigi gozlemlenmistir.

yapisinda degisiklik gozlenmemis fakat

Absorbanstaki bu artis, ozonlamanin etkisi ile AZ

numunelerinin viskozitelerinin dismesini
desteklemektedir. DTK sonuglari incelendiginde
AZ

sonucunda tepe sicakliginin diiserek enerji kazanci

ise, numunelerinin 60 dk ozonlanmasi

saglandigi  ortaya  koyulmustur. Ozonlama

suresinin artmasina bagh olarak, ozonlanmis
AZ'lerin fenolik ve antioksidan bilesik iceriginin
AZ

numunelerinin besinsel degerlerinin arttigl rapor

arttigi  gozlemlenmis, modifiye edilmis
edilmistir. Mevcut calismada ise, %20 ve %32
konsantrasyona sahip arap zamkinin ozonlanmasi
sonucunda reolojik, termal ve yapisal 6zelliklerinin
AZ

viskozitesi benzer molekil agirlhigina sahip diger

incelenmesi  amaclanmistir. ¢Ozeltisinin
polisakkaritlere kiyasla dusliktlir ve onlarin akis
%20-30

veya daha vyiksek konsantrasyonlarda

davraniginin
kadar
Newtonian davranis sergiledigi ifade edilmistir

zamk konsantrasyonuna

(Sanchez ve ark. 2002). Ayrica, ilgi cekici bir sekilde,
%10-25 arasindaki konsantrasyonlara sahip AZ
%30-50
konsantrasyonlara sahip dispersiyonlardan daha

dispersiyonlarinin, arasindaki
belirgin kayma incelmesi davranisi sergilemis ve bu
durum mikroagregatlarin varligina baglanmistir
(Mothé ve Rao, 1999). Oyle ki, Sanchez ve ark.
(2002)’'nin %20 ve %32 konsantrasyona sahip AZ
orneklerinin reolojik analiz sonuclari bu ifadeyi
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desteklemektedir. Bunun AZ gida

disiik

yanisira

endustrisinde  bazi drdnler  igin
konsantrasyonlarda kullanilirken (sit Grlinlerinde
%1,3; icecek endistrisinde %2 gibi), bazi Grlinler
icin yuksek konsantrasyonlarda (sert
sekerlemelerde %46,3; yumusak sekerlemelerde
%85 gibi) kullanilabilmektedir (Verbeken ve ark.,
2003). %6 konsantrasyona sahip AZ numunelerinin
ozonlanmasinin aksine, yuksek
konsantrasyonlardaki AZ 6rneklerinin (%20 ve %32
gibi) ozonlanarak modifiye edilen 6rneklerin
reolojik,  termal ozelliklerinin

ve  vyapisal

belirlenerek gida endustrisindeki kullanimina
yonelik olanaklarinin belirlenmesi amaglanmistir.
Boylece zamkinin hem

arap yuksek

konsantrasyonlarindaki  6zellikleri incelenirken
hem de ozonlama metodunun kullaniimasiyla
ucuz, yerinde uygulanabilen, cevre dostu ve
bir kullaniimasi

surdurdlebilir yontem

amaglanmigtir.

Materyal ve Metot

Malzemeler

%4.0 (a/a) kil icerigine sahip ve sprey kurutucu
ile kurtulmus arap zamki (AZ) (pH 5.0), Merc
(K31691328,
alinmistir. Analizlerde kullanilmis olan DNS (609-
99-4), D (+) galaktoz (59-23-4), L(+) arabinoz (5328-
37-0) Sigma-Aldrich firmasindan (Taufkirchen,
Almanya) alinmistir.

firmasindan Almanya)  satin

Numunelerin hazirlanmasi

20 g ve 32 g arap zamki (AZ) farkh beherler
icerisinde sirasiyla 80 g ve 68 g saf su ile
kanstirilmis (%20, %32, a/a) ve nihai karisim, bir
manyetik karistirici Gzerinde (800 rpm) 25°C'de 30
dk boyunca karistirilmistir. Cozeltiler 18 saat
+4°C'de tutularak
saglanmistir.

boyunca tam hidrasyonu

Numunelerin ozonlanmasi

Bu arastirmada daha onceki
2022)
kullantimistir.

¢calismamizda

(Ozaslan ve ibanoglu, kullandigimiz

ozonlama metodu Ozon gazl,

atmosferik havayl kullanan entegre bir oksijen
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Uretim Unitesine sahip bir ozon jeneratoriinden
(OMS, izmir, Tirkiye) elde edilmistir. Koronal
desar;j gore ¢alisan
maksimum kapasitesi 60 g ozon gazi sVtir. Ozon

prensibine jeneratorin
gazi, 0,5 cm capinda, ozona dayanikli silikon bir
baglanti borusu ile jeneratérden 500 mL'lik bir cam
siseye yonlendirilmistir. 500 mL'lik cam sise, ozon
gazinin  damitilmis  sudaki  ¢OzUnUrlGgini
kabarciklar olusturarak artirmak igin bir gaz dagitici
uca sahiptir. Olusturulan kabarciklar ozon gazinin
homojen bir sekilde numuneye dagitiimasini
saglamistir. Bununla beraber ozonlama sisesinin
altina yerlestirilen bir manyetik karistirici, yine
ozon gazinin numuneye homojen bir sekilde

dagitilmasini saglamak amaciyla yerlestirilmistir

Cizelge 1. Numunelerin adlandiriimasi
Table 1. Name of samples

(Sekil 1). Tiketilen ozon gazi dozajini belirlemek
icin, numuneye giren ozon gazl
(yani

girmeyen ve numune igerisinde ¢dzlinmeyen ozon

dozaji ve

kullanilmayan numune ile reaksiyona

gazl) ozon gazl dozaj van Leeuwen (2015)
tarafindan yapilan c¢alismada belirtildigi sekilde
Numuneler (AZ20-O, AZ30-0)
sirastyla, 0,021 g tiketilen ozon L ve 0,023 g

tiketilen ozon L'''ye karsilk gelecek sekilde 60 dk

hesaplanmistir.

boyunca ozonlanmistir. Ozonlama islemi siresince
¢Ozlinmeyen ozon gazi, ozonlama sistemindeki
diger borudan gikarak, dnce isiticlya gonderilmis ve
oksijen  gazina  donustirilerek  atmosfere
salinmigtir. Numuneler Cizelge 1’ de belirtildigi gibi

isimlendirilmistir.

Numune adi Agiklama
Name of samples Explanation
AZ20 %20 konsantrasyona sahip arap zamki
Gum arabic with 20% concentration
AZ20-0 %20 konsantrasyona sahip ozonlanmis arap zamki
Ozonated gum arabic with 20% concentration
AZ32 %32 konsantrasyona sahip arap zamki
Gum arabic with a concentration of 32%
AZ32-0 %32 konsantrasyona sahip ozonlanmis arap zamki

Ozonated gum arabic with a concentration of 32%

Ozon gazi girigi mly-

gazi cikisi

t—p-Kabarciklar

- N UMUNE

Manyetik karistirici

Sekil 1. Numunelerin ozonlama isleminin sematik gosterimi

Coziinmeyen 020N wmmlpy-

Isitici

. Atmosfer

Figure 1. Schematic representation of the ozonation process of the samples

Reolojik analizler

Bohlin CVOR reometresi
Worcestershire, UK) 25°C sabit
numunelerin reolojik 6zelliklerini analiz etmek icin

(Malvern,
sicaklikta

kullanilmistir. Bir koni ve plaka geometrisi (55 mm
¢ap, 0,7 mm bosluk) kullaniimis ve numunelerden
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yaklasik olarak 1-2 mL alinarak plaka Uzerine
yerlestirilmistir. Olasi buharlasmayi 6nlemek icin
yag
Numunelerin viskozite degerleri, kesme hizina

numuneler  silikon ile  kaplanmistir.

karsi Olctulmustar (Li ve ark., 2009). Reolojik
sonuclardan elde edilen veriler, sabit kesme hiz
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altinda “Power Law” modeline (Denklem 1)
uyarlanmistir (Miao ve ark., 2018). Analizler ti¢ kez
tekrar edilmistir.

T =Ky" Denklem [1]
T = kesme gerilimi (Pa),

y = kesme hizi (s2),

K = tutarlilik indeksi (Pa.s"),

n = akis davranis indeksi (birimsiz).

Termal 6zellikler

Numunelerin termal 6zelliklerini 6lgmek igin bir
diferansiyel tarama kalorimetresi (DTK)
kullanilmistir (DSC 6, Perkin ElImer, Norwalk, ABD)
(Daoub ve ark., 2018). Yaklasik 30-40 mg numune
paslanmaz celik DSC tavasina yerlestirildi ve tava
hermetik olarak kapatilmistir. Tava igerigi 30'dan
400°C'ye isitilmistir (1sitma hizi: 10°C dk!; nitrojen
gazi salinim orani: 40 mL dk). Referans olarak
hava gecirmez sekilde kapatiimis bos bir tava
kullaniimistir. Analizler lg kez tekrar edilmistir.

Fourier déniistiim spektroskopisi

Bolim 2.2'de tarif edildigi sekilde hazirlanan
numuneler, 400-4000 cm™ tarama araligi ve 1 cm*
¢Ozlinurlik ile bir Perkin Elmer ATR-FTIR
Spektrometre 400 (Waltham, ABD) ile analiz
edilmistir. Numuneler kiictk kristal bolge lizerine
yerlestirilmistir ve basingla elmas ylzeye itilerek
spektrumlar elde edilmistir (Daoub ve ark., 2018).

Indirgen seker tayini
Numunelerin indirgen seker miktari DNS yontemi

ile tayin edilmistir (Wang ve ark.,, 2017).
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Numuneler 6ncelikle, 10 dk boyunca 12.600 Fg'de
santrifiij edilmistir. Bir mL stipernatan daha sonra
bir beher igcinde 4 mL DNS solisyonu
karistinlmigtir. Beher igerigi,
kullanilarak 85°C'de 5 dk isitilmistir ve daha sonra

ile
bir su banyosu

oda sicakhgina gelinceye kadar sogutulmustur.
Numuneler, bir kuvars kiivet (Optima SP-300,
Slovakya) kullanilarak 540 nm'de absorbanslari
Olclilmustliir. Numunelerin galaktoz ve arabinoz
icerigi, analiz edilecek tek tek sekerlerin standart
egrileri (g L) kullanilarak hesaplanmistir. Analizler
Ug kez tekrar edilmistir.

Istatistiksel analiz

ANOVA testleri, Duncan'in ¢oklu karsilastirma
SPSS yazilimi
kullanilarak yapilmistir (SPSS, Inc., Versiyon 21,
IBM Corporation 1989, 2012, Chicago, ABD).
istatistiksel analizler sirasinda P < 0,05 giiven
araligi kullaniimigtir.

ve varyasyon katsayisi testleri

Bulgular ve Tartisma

Reolojik analizler

Sekil 2, kontrol ve 60 dk boyunca ozonlanmis
olan %20 ve %32 konsantrasyona sahip arap
zamklarinin reolojik degisimlerini géstermektedir.
Sonugclar incelendiginde ozonlama isleminin, AZ 20
numunesinin viskozitesinin yaklasik olarak %85 ve
AZ 32 numunesinin viskozitesinin yaklasik olarak
%75 oraninda distugu tespit edilmistir. Ozonlama
islemine maruz birakilarak AZ numunelerinin
arasindaki glikozidik baglarin kirilmasini saglayan
ozon gazi buna bagh olarak viskozitenin diismesine
sebep olmustur (Sekil 2).



Ozaslan ve [banoglu, 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(2): 253-264

a0

80
W o 70 _
o o +— —s 4 44z 32
[+ 0, &0 = 1 £ 1 I = - !
oo z
T * * + * AZ 20
U
# & so
[T
88 .,
[ .
]
} - 20
20
AZ 32-0
10 % AZ 20-0
1]
(a] 10 20 20 a0 50 [=n ] FO 80 a0 100

Kesme hizi (1/s)
Shear rate (1/s)

Sekil 2. AZ 20, AZ 20-0, AZ 32 ve AZ 32-0O numunelerinin reolojik 6zelliklerinin degisimi (hata barlari %5 guvenilirlik seviyesini

gostermektedir)

Figure 2. Change of rheological properties of AZ 20, AZ 20-0O, AZ 32 and AZ 32-O samples

Ozon gazinin oOncelikle sivi fazdaki AZ
numunelerinin glikozidik baglarini okside ettigi ve
bunlari  parcalayarak AZ'de dal yapisinin

bozulmasina neden oldugu disinilmektedir (Ali
ve ark., 2018). FTIR sonuglari da, glikozidik baglarin
kirildigini desteklemistir. Sekil 3’de de gorildigu
gibi AZ 20-O ve AZ 32-O numunelerinin —OH
absorbsiyon degerlerinin arttigl ve bu artisin da
AZ'nin yapisindaki halkalar arasindaki glikozidik
kirllmasindan kaynaklanabilecegi
Ancak,
oksidasyon reaksiyonlarina dayanarak, spektrum
(6zellikle 1700 cm™

bantlarda) karboksilik asit bantlarinin olmamasi,

baglarin

distnilmistir. birincil  alkollerin

sonuclarinda civarindaki
ozon oksidasyonunun halka vyapilarini bozacak
kadar giicli olmayabilecegini dislindirmektedir
(Ali ve ark., 2018). Artan -OH absorpsiyonunun da
viskozitenin azalmasinin acgiklamasi olabilecek
niteliktedir. Zamklarin ozonlanmasinin sonucunda
viskozitelerindeki dlsis diger calismalarda da

rapor edilmistir. Molekillerdeki glikozidik baglarin

kirtlimasiyla iliskili ozonlamanin bir sonucu olarak
guar zamki ve kitosan icin benzer viskozite
disusleri rapor edilmistir (Prajapat ve Gogate,
2015; Seo ve ark., 2007). Prajapat ve Gogate
(2015), 10 dk ozon uygulamasinin, guar zamki icin
kontrol numunesine kiyasla viskozitede %70
azalma ile sonuglandigini bildirmistir. Ozonlama
isleminin yani sira geleneksel metotlarla oksidize
edilen arap zamkinin  reolojik  oOzellikleri
belirlenmistir. Bu baglamda, Vuillemin ve ark.
(2020), AZ'nin ferrulik asit ile oksidasyonunun
sonucunda, bizim bulgularimiza paralel olarak
kayma incelmesi ile sonuclandigini bildirmistir.
Ayrica bazi arastirmacilar, ozonlama nedeniyle
farkh

viskozitesinde O©Onemli

polisakkaritlerin (6rnegin nisasta gibi)

azalmalar bildirmis ve
viskozitedeki azalmalarin, ozonlama nedeniyle
kirilmis glikozidik baglarla baglantili oldugunu ifade
etmislerdir (Chan ve ark., 2012; Klein ve ark., 2014;

Lima ve ark., 2020).

Cizelge 2. AZ 20, AZ 20-0, AZ 32 ve AZ 32-O numunelerinin akis davranisi parametreleri
Table 2. Flow behavior parameters of AZ 20, AZ 20-0, AZ 32 and AZ 32-O samples

Akis davranigi

Parametreleri AZ 20 AZ20-0 AZ 32 AZ32-0
Flow behaviour parameters
K (Pa.s") 70,070+0,002? 10,210+0,001° 80,860+0,002¢ 15,60+0,001¢
n (birimsiz) 0,980+0,001° 0,960+0,001° 0,990+0,001°¢ 0,970+0,001¢
R? 0,99 0,99 0,99 0,99

Ayni satirda farkh harflere sahip degerler 6nemli 6lgtde farklidir (P < 0,05).
Values with different letters in the same row are significantly different (P < 0.05).

Ortalamalar, Ggli analizlere dayanmaktadir (+ standart sapma).
Means are based on triplicate analyses (+ standard deviation).
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Cizelge 2 AZ 20, AZ 20-O, AZ 32 ve AZ 32-0O
numunelerinin tutarhlik indeksi (K, Pa.s") ve akis
davranis indeksi katsayilari gosterilmistir. Akig
Denklem [1]' e gore
akis  davranis

davranis katsayilarn

hesaplanmistir.  Numunelerin
indeksleri (n) incelendiginde, degerlerin 1’den
kiguk oldugu ve akis davranisinin kesme incelmesi
davranisina sahip oldugu gortlmektedir. Sanchez
ve ark. (2002) yaptiklari ¢alismada %20 ile %32
konsantrasyona sahip arap zamki dispersiyonlarinin
incelemisler ve bu

reolojik  davraniglarini

numunelerin kesme incelmesi akis davranisi
gosterdigini rapor etmislerdir. Buna ek olarak, %6
konsantrasyona sahip arap zamki numunelerinin
tabi

davranislarini incelenen calismada da (Ozaslan ve

ozonlama islemine tutularak reolojik
ibanoglu, 2022) 60 dk ozonlanmasi sonucunda
arap zamkinin yine kesme inceltme davranisina
sahip oldugu, K ve n degerlerinin kontrol
numunesine kiyasla dustliglu gozlemlenmistir.
Burada dikkat c¢eken noktalardan biri ise %6
konsantrasyona sahip kontrol arap zamkinin n
degeri 0,94

sonucunda 0,64’e distligl gortlmustir. Fakat AZ

iken, 60 dk ozonlanma islemi
20 ve AZ 32 numunelerinin n degerlerinin (sirasiyla
0,98 ve 0,99) 1’ e ¢ok daha yakin oldugu ve
ozonlama islemi sonucunda n degerlerinin
(sirasiyla 0,96 ve 0,97) daha az bir dislse sahip
oldugu gorulmistir. Bu duruma AZ 20 ve AZ 32
numunelerinin daha yliksek konsantrasyona sahip
olmasi sebebiyle, su icerisinde daha gli¢li ve daha
fazla hidrojen bagi olusturmasindan ve 60 dk
ozonlama isleminin, %6 konsantrasyona sahip olan
gibi  etkili olmadigi

numunelerde  oldugu

distnidlmektedir.

Termal 6zellikler

Cizelge 3, AZ 20, AZ 20-O, AZ 32, AZ 32-O0
numunelerinin diferansiyel tarama kalorimetresi
(DTK)'den alinan endotermik ve ekzotermik
reaksiyonlarda termal bozulma sicakliklarinin
sonuglarini gostermektedir. Kontrol numuneleri AZ
20 ve AZ 32’'nin tepe sicakliklarinin endotermik
reaksiyon igin sirasiyla 168,66 °C ve 172,88 °C ve
ekzotermik reaksiyon igin bu sicakliklarin yine
314,59 306,97

belirlenmistir. modifiye

°C ve °C oldugu
edilmis AZ

numunelerinin (Cizelge 3) tepe sicakliklari goz

sirasiyla
Ozonla

onine alindiginda, 60 dk ozonlama isleminin
ardindan AZ 20-0 ve AZ 32-O’nun endotermik tepe
sicakliklarinin ise sirasiyla 142,16 °C ve 141,57 °C’
ye distigl ve ekzotermik tepe sicakliklarinin ise
266,5 ve 298,7

gozlemlenmisgtir. Bu tepe
muhtemelen, dallar ve alt dallara ve yapisinda

siraslyla °C'ye dustigu

sicakliklarinin,

coklu seker birimlerine sahip olan AZ'nin erime
(endotermik) ve kismi olarak termal bozulma
(ekzotermik) sicakhklarini gosterdigi
distnllmektedir (Ganie ve ark., 2015). Buna bagli
dogal
ekzotermik tepe sicakliklari farkh arastirmacilar
tarafindan 290-316 °C araliginda bulundugu rapor
edilmistir (Ali ve ark., 2018; Daoub ve ark., 2018;
Jamaludin ve ark., 2017; Sabet ve ark., 2021). Farkh

calismalarda arap zamki

olarak, arap zamki  numunelerinin

numunelerinin tepe

sicakliklari  arasinda gozlemlenen  farklihgin,
¢alismalarda kullanilan arap zamki numunelerinin
konsantrasyonuna, orijinine, yetistirildigi bolgeye
ve toprak sartlarina bagl olarak degisebilecegini de

belirtmislerdir (Sanchez ve ark., 2018).

Cizelge 3. %20 AZ, %20 AZ-0O, %32 AZ, %32 AZ-O numunelerinin DTK analiz sonuglari
Table 3. DSC analysis results of 20% AZ, 20% AZ-0O, 32% AZ, 32% AZ-O samples

Sampleoame __heoctontyme 1" T T s
%20 AZ Endotermik 163,43+0,02° 168,66+0,01° 172,0440,01¢ -195,564
%20 AZ-0 Endotermik 139,46+0,01° 142,16+0,02° 147,16+0,02¢ -84,49¢

%32 AZ Endotermik 159,06+0,04° 172,88+0,10° 178,52+0,04¢ -235,87¢
%32 AZ-O Endotermik 135,41+0,01° 141,57+0,03° 148,84+0,01¢ -133,48¢
%20 AZ Ekzotermik 251,00+0,10? 314,59+0,03° 330,29+0,02¢ +57,49¢
%20 AZ-0 Ekzotermik 223,07+0,032 266,50+0,03° 291,60+0,01¢ +5,01¢

% 32 AZ Ekzotermik 306,97+0,042 321,69+0,02° 328,53+0,06¢ +21,494
%32 AZ-0 Ekzotermik 296,86+0,07° 298,07+0,01° 299,28+0,01°¢ +10,02¢

Ayni satirda farkh harflere sahip degerler 6nemli 6lgtide farkhidir (P < 0,05)
Values with different letters in the same row are significantly different (P < 0.05)

Ortalamalar, Ucli analizlere dayanmaktadir (+ standart sapma)
Means are based on triplicate analyses (+ standard deviation)
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Ali ve ark. (2018) arap zamkini iodine kompleksi
ile modifiye ederek yaptigi ¢alismada, modifiye
edilen numunelerin erime ve bozulma sicakliklari
belirlenmis ve iodine kompleksi ile oksidize edilen
numunelerin  tepe  sicakhklarinin  dustigu
Ek daha
gerceklestirdigimiz %6 konsantrasyona sahip arap
60 dk
endotermik tepe sicakligi 76,2 °C den 72,6 °C ‘ye,
ekzotermik tepe sicakliklari ise 292,2 °C'den 281

°C'ye

gozlemlenmistir. olarak, once

zamkinin ozonlanmasinin  ardindan

distigi (Ozaslan
2022).
sonucunda kirilan glikozidik baglarin kirilmasina
bagh

sicakhklarinin distligi disinilmektedir. Ayrica AH

gozlemlenmistir ve

ibanoglu, 60 dk ozonlama isleminin

olarak endotermik ve ekzotermik tepe

degerlerinin ozonlamaya bagh olarak dusus
gostermesinin sonucunda, uygulanan oksidasyon
isleminin enerji kazanci saglayacagl gorilmus ve
bunun sonucunda ozonlama isleminin gida
sektoriinde o6nemli oOlciide avantaj saglayacagi

dustnilmektedir.

Fourier déniistiim spektroskopi

Sekil 3'te AZ 20, AZ 20-O, AZ 32 ve AZ 32-0
numunelerinin Fourier doénidsim spektroskopi
sonuglari verilmistir. Numunelerine ait
spektrumlarda gérilen 3307,4- 3336,2 cm?,
arasindaki bantlarin karakteristik -OH gruplarina
2904,8-2967
numunelerin sivi formda olmasi sebebiyle —OH
baglaryla iliskili C=C baglarina, 1634,6-1635,2 cm™*
arasindaki bantlarin AZ’'nin hem alifatik hem de

titresimini, cml'deki  bantlarin

aromatik kisimlara ait C=C baglarina, 1416,5-
1416,6 cm™ arasindaki bantlarin AZ’nin yapisinda
bulunan halka yapilarindaki asimetrik ve simetrik
C-H baglarina, 1033,1- 1035,2 cm™ arasindaki
bantlarin alkol yapilarina ait C-C baglarina ait
titresimler oldugu dusliniilmektedir. (Ali ve ark.,
2018; Mohammed, 2017). Spektrumlardan elde
edilen sonuclar incelendiginde, ozonlama isleminin
zamki  numunelerinin  kimyasal

arap yapisini
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degistirmedigi gorilmektedir. Kimyasal yapiyi

degistirmeden numunelerin oksidasyona
ugratilmasi, ozon oksidasyon metodunun sagladigi
biri oldugu
sekilde %6

konsantrasyona sahip ozonlanmis arap zamki

onemli avantajlarindan

dustnilmektedir. Benzer
numunelerinin de Fourier donlsliim spektroskopi
sonuglarinin da kimyasal yapida bir degisiklik
gozlenmedigini ortaya koymustur (Ozaslan ve
ibanoglu, 2022). Ozonlama isleminin sonucunda
kimyasal yapida bir degisiklik gézlenmemesine
ragmen, AZ 20-O AZ 32-O numunelerine ait
bantlarda absorpsiyon miktarindaki degisimler
dikkate deger niteliktedir (Sekil 3). Bu
numunelerin, -OH bantlarina ait absorpsiyon
miktarlarindaki artis, ozonlama islemi ile glikozidik
baglarin kirilmasi ve bunun sonucunda artan -OH
parcaciklarinin yogun olarak sollisyon icerisine
dagilmasi ile aciklanabilir. Bu baglamda, ozonlama
isleminin birincil alkoliin baglh oldugu halkalari
tamamen bozabilecek nitelikte olmadigi ve bunun

sonucunda kimyasal vyapisini  degistirmedigi
dustnilmektedir. Ornegin Ali ve ark. (2018)
yaptiklari calismada, Fourier donisim

spektroskopisinde oksidize olan arap zamklarinin
1780 cm? civarinda karboksilik asidi temsil eden
bantlar gozlemlenmis ve uygulanan iodine ile
oksidasyon yonteminin, arap zamkinin kimyasal
yapisini degistirdigi rapor edilmistir.

Indirgen seker tayini

Cizelge 4, 60 dk ozonlama islemi sonunda
galaktoz ve arabinoz olarak ifade edilen AZ
numunelerinin indirgen seker igerigi Uzerindeki
etkisini gostermektedir. Ozon oksidasyonu, kontrol
numunelerine kiyasla (AZ 20 ve AZ 32) AZ 20'nin
galaktoz igerigini %34,08, AZ 32’nin %24,63 ve AZ
20'nin arabinoz icerigini %29,6, AZ 32'nin %18,59
oraninda arttirdigi tespit edilmistir (P<0,05, Cizelge
4).
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Cizelge 4. %20 AZ, %20 AZ-0, %32 AZ, %32 AZ-O numunelerinin arabinoz ve galaktoz icerigi
Table 4. 20 % AZ, 20 % AZ-0, 32 % AZ, 32 % AZ-0 samples arabinose and galactose content

Numune adi Galaktoz Arabinoz

Name of sample Galactose Arabinose
%20 AZ 6,1510,02° 5,17+0,02°
%20 AZ-0 9,33+0,02° 7,35+0,02°
%32 AZ 6,6710,02° 5,56+0,02°
%32 AZ-0 8,850,022 6,83+0,02°

Ayni satirda farkh harflere sahip degerler dnemli dlgide farklidir (P < 0,05).
Values with different letters in the same row are significantly different (P < 0.05)

Ortalamalar, Uglu analizlere dayanmaktadir (+ standart sapma).

Means are based on triplicate analyses (+ standard deviation)

Ozon oksidasyonunun gesitli hidrokolloidlerdeki

baglari kirma  oOzelligine oldugu
(Catal ve 2014,

O'Donnell ve ark., 2012). Bu nedenle, ozonlamanin

sahip
belirtilmektedir Ibanoglu,
AZ yapisindaki glikozidik baglari kirarak indirgeyici
seker parcalarini serbest birakmasinin mimkiin
oldugu dusunilmektedir. %6 konsantrasyona
sahip arap zamklarinin ozonlanmasinin sonucunda
da glikozidik baglarin kirilmasina bagl olarak
indirgen miktarinda

seker artis  goruldugi

belirlenmistir (Ozaslan ve ibanoglu, 2022). Ayrica
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geleneksel yontemler kullanilarak oksidize edilen
arap zamki numunelerinde, aldehit artisina bagh
olarak, oksitlenmis arap zamki numunelerinin
indirgen seker oranlarinin da artmis olabilecegi
belirtilmistir (Ali ve ark., 2018; Ganie ve ark., 2015).
Ozonlama islemi sonucunda

indirgen seker

miktarinin artmasi Ozellikle fermente (Urlnler
(6rnegin alkolli ve alkolsiiz icecekler) icerisinde
kullanilacak arap zamki Grtnlerini avantajh bir hale

getirmesi beklenmektedir.
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Sonuglar

Bu calismada, ozonlamanin yuksek
konsantrasyona sahip (%20, %32(a/a)) AZ
numunelerinin reolojik, termal ve kimyasal
ozellikleri incelenmistir. AZ numunelerinin ana
kimyasal yapisinin, Fourier doénisimli
spektroskopi analiz sonuglarindan anlasilacagi

uzere herhangi bir degisiklik gézlemlenmemistir.
Ozonlama islemi, AZ 20 ve AZ 32 numunelerinin
viskozitelerini onemli Olglide disurdagi
gozlemlenmistir ve ozonlama islemi sonrasinda
akis davranis tipinin degismedigi gbzlemlenmistir..
Fourier dontsimli spektroskopi analiz
sonuglarinda —OH absorpsiyonun artmasi da bu
durumu destekler niteliktedir. Viskozitede gorilen
bu azalmanin 6zellikle islenmesi zor olan Urilinlerde
avantaj saglayacagl distnidlmektedir. Bununla
birlikte, ozonlama islemi, DTK sonuclarina gore
numunelerin hem tepe sicakliklarini hem de AH
Bu

kazanci saglayacagi

degerlerini duslrmustir. sonuglara gore,
ozonlama isleminin ener;ji
disinldlmektedir. Ayrica indirgen seker igeriginin
ilgili
sektorlerde (fermente edilecek o6rnekler gibi)

ozonlama isleminin sonucunda artmasi
verimlilikleri agisindan 6nemli avantajlar saglamasi
s6z konusudur. Sonug¢ olarak, ucuz, teknolojik
kolay ve c¢evre dostu bir
ilgili
endustrilerde AZ'nin modifikasyonu igin geleneksel

olarak uygulamasi

uygulama olan sulu  ozonlamanin,
kimyasal yontemlere gore ilging bir alternatif

oldugu disinilmektedir.
Ekler

Bu ¢alisma Turkiye Bilimsel ve Teknik Arastirma
(TUBITAK) tarafindan 2170192 nolu
projesi kapsaminda finanse edilmistir. Destekleri
nedeniyle TUBITAK’a tesekkiir ederiz.

Kurumu

Cikar c¢atismasi: Tim vyazarlar, makalenin
derginizde vyayinlamasi icin herhangi bir cikar

catismasi olmadigini beyan etmistir.

Yazar Katkisi: Zeynep Tugba Ozaslan ve Senol
ibanoglu calismayi tasarlamis ve planlamis, Zeynep
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Tugba Ozaslan deneysel calismalar vyiriitmis,
deneysel calisma sonuglari Zeynep Tugba Ozaslan
ve Senol ibanoglu tarafindan degerlendirilmis,
makale Zeynep Tugba Ozaslan tarafindan yazilmis
ve Senol ibanoglu tarafindan diizenlenmistir.
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ABSTRACT

Goat's milk has been among the priority milk in consumer preferences, in recent years. It is
an excellent food for children and adults due to its chemical composition and functional
properties, and it can be easily consumed by individuals with cow's milk allergy. In the
study, semi-hard type cheese was produced from cow’s and goat’s milk. Acidity, pH, fat, dry
matter, ash, water activity, salt, color, protein, yield, organic acid and textural properties of
cheeses were investigated. As a result of the analysis, it was determined that the titration
acidity (% lactic acid), ash, total protein and value of cheese produced from goat's milk
were higher. In terms of color, goat's cheese has a more matte appearance than cow's
cheese, a* values are higher in semi-hard type cheese produced from goat's milk, and b*
value is lower. The study determined that the firmness value of cheese produced from
cow's milk was higher than that of goat cheese. In the study, 6 organic acids (oxalic acid,
tartaric acid, formic acid, lactic acid, acetic acid and succinic acid) were determined.
Formic, succinic and tartaric acid amounts were found higher in cheeses produced from
goat milk. It was determined that the lactic acid level was designated the highest organic
acid in cheese produced from both milk types. Cheeses produced from goat milk are more
appreciated in terms of cross-sectional appearance and taste in sensory analysis. It is
thought that semi-hard type cheeses can be produced from goat's milk can be an
alternative to cheeses produced from cow's milk.

Key Words: Goat cheese, cow cheese, melting salt, texture, organic acid.
0z

Keci sttiiniin hem kimyasal bilesimi hem de fonksiyonel 6zelligi nedeniyle ¢ocuklarin ve
yetiskinlerin beslenmesinde milkemmel bir gida olmasi ve inek siitl alerjisi olan bireylerce
rahatlikla tiiketilebilmesi nedeniyle son yillarda tiiketici tercihlerinde oncelikli siitler arasinda
yer almaktadir. Calisma da inek ve kegi sttiinden yari sert tip peynir Uretilmistir. Peynirin
asitlik, pH, yag, kurumadde, kiil, su aktivitesi, tuz, renk, protein, randiman, organik asit ve
tekstirel ozellikleri incelenmistir. Yapilan analiz sonucunda kegi sttiinden Uretilen peynirin
titrasyon asitligi (% laktik asit), kil, toplam protein, degerinin daha yliksek oldugu tespit
edilmistir. Renk bakimindan kegi siitlii peyniri, inek sitlu peynirine gore daha mat bir
goriniume sahip oldugu, a* degerlerinin ise kegci sttlinden Uretilen yari sert tip peynirde daha
ylksek, b* degerinin ise daha diisiik oldugu tespit edilmistir. Yapilan calismada inek sttiinden
tretilen peynirin sikilik degerinin kegi peynirine oranla daha yiliksek oldugu tespit edilmistir.
Calismada 6 adet organik asit (okzalik asit, tartarik asit, formik asit, laktik asit, asetik asit ve
siksinik asit) tespit edilmistir. Formik, stksinik ve tartarik asit miktarlarinin kegi sttiinden
tretilen peynirde daha yiiksek oldugu tespit edilmistir. Laktik asit diizeyinin peynirde de en
yliksek oranda belirlenen organik asit oldugu belirlenmistir. Duyusal analizlerde de kesit
goriinlis ve tat koku bakimindan kegi sitiinden (retilen peynirin daha ¢ok begeni aldigi
goriilmektedir. Yapilan analizler sonucunda kegi sttt kullanilarak yari sert tip peynirin inek
sttiinden Uretilen peynire alternatif olabilecegi diistintilmektedir.

Anahtar Kelimeler: Kegi peyniri, inek peyniri, eritici tuzlar, tekstir, organik asit.
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Introduction

Milk and its products are among the most
important food groups that should be consumed
in a healthy diet. Although cow's milk is preferred
mostly, dairy products from goat, sheep and
buffalo milk or their mixtures are also consumed
widely. Goat’s, sheep’s and buffalo’s kinds of milk
are mostly used in local businesses or by the
breeder by processing them into traditional
products. According to TUIK (2021) data,
21370116 tons of cow's milk, 1143762 tons of
sheep's milk, 622785 tons of goat's milk and
63643 tons of buffalo milk are produced in
Turkey. The presence of goat milk comes right
after cow and sheep milk. The amount of cheese
produced is examined; 728777 tons of cheese
from cow's milk, 1016 tons of cheese from
sheep's milk, 236 tons of cheese from goat's milk
and 159 tons of cheese from buffalo milk, and
24642 tons of cheese from a mixture of these
milk. The soft type ones are produced the most
among these cheeses. However, depending on
the region, semi-soft, semi-hard, hard and extra-
hard cheeses are also produced (Anonymous,
2021).

Cow and goat milk, which are the most
produced and consumed in the world, constitute
85% and 12.3%
respectively (Filipczak-Fiutak et al., 2021). Goat’s

of total milk production,

milk has been among the priority milk in
consumer preferences in recent years, so it is an
excellent food for children and adults due to both
its chemical composition and functional
properties. It can be consumed by individuals
with cow's milk allergy easily (Riberio and Riberio,
2010). Goat’s milk products have an important
place in providing product diversity due to their
unique taste, smell, aroma and especially
nutritional properties (Akan and Kinik, 2015).

The composition of products obtained from
different types of milk also varies. Goat’s milk
contains more essential fatty acids, vitamins A
and B, riboflavin, niacin, calcium, phosphorus,
chlorine, magnesium, potassium and selenium

than other milk. A significant buffering effect is
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observed in terms of high protein, non-protein
nitrogen and phosphate (Metin, 2005; Satir and
Guzel Seydim 2010). Goat’s milk of fat globule
diameters are smaller (Metin, 2005). The amount
of vitamin A is two or three times higher than
other types of milk. The thyroid glands, which
play a role in the conversion of carotene to
vitamin A, work larger and faster in goats. For this
reason, goat’s milk and products are whiter (IDF
1986, Kosikowski and Mistry, 1997). Furthermore,
it’s

digestibility of B-lactoglobulin, it is less allergenic

low asl-casein structure and easier
than cow's milk (Gliney and Kaymakgi, 1997).
Goat milk is rich in the amino acids histidine,
methionine, threonine and proline (Metin, 2005).

Technological processes affect product quality
in the dairy industry significantly. When we
examine goat milk technologically, goat’s milk has
a shorter fermentation time than other types of
milk. (Metin, 2005). It contains high amount of B-
casein, low amount of asl-casein and high
amount of non-protein nitrogen compounds. It is
stated that this feature affects the ability to form
clots. (Arslanbas and Bodur, 2010). Goat’s milk
has a low cream binding ability. Because the fat
globule diameters are very small, it prevents the
separation of the fat. However, fat is easier to
digest than other milk fats. Goat’s milk is used in
the production of special cheeses (Metin, 2005).
In addition, goat's milk is a phosphate-rich form of
milk. It will be an excellent source for removing
the phosphate deficiency seen in people who do
not consume meat or fish (Metin, 2005; Satir and
Guzel Seydim, 2010).

In recent years, researchers have evaluated it
as a functional product due to its high nutritional
value and importance in the nutrition of chronic
patients (Riberio and Riberio, 2010). It is effective
in the treatment of eczema, varicose veins, and
asthma. (Kezer, 2013; Metin, 2005). In France,
more than 90% of goat's milk is used in cheese
production. Spain reports that it used to process
goat, sheep, and cow's milk, but now only
processes goat's milk (Gliney, 2006).

In addition to soft type cheeses, semi-hard

type goat cheese is processed in some private
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enterprises in our country. However, there is little
information available about semi-hard cheeses
produced industrially. For this reason, semi-hard
type cheeses were produced from goat and cow
milk with the help of melting salt suitable for
industrial production. The chemical and textural
properties and organic acid contents of these
cheeses were investigated.

Material and methods

Material

Goat's milk and cow's milk were used to make
two different kinds of semi-hard cheese. The milk
was provided by the Dairy Processing facility
affiliated with the Burdur Mehmet Akif Ersoy
University Dairy Products and Technologies
Application and Research Center, and the cheese
was produced in the same facility. 2%(w/v)
40%(w/v) CaCl,, lyophilized thermophilic starter
cultures (Batch No: 022165, Italy) (Lactococcus
lactis subsp. lactis and Lactococcus lactis subsp.
cremoris, Streptococcus thermophilus), Chy-Max
Plus 200 IMCU Rennet (1:15000), (Denmark),
phosphate group melting salts (0,3% w/w) were
used.

Methods
Semi-hard cheese making

The milk was heat treated at 68°C/15 minutes
and cooled to 37-38°C. To make the milk suitable
for industrial production, 2%(w/v) of 40%(w/v)
CaCl; was added. Lyophilized thermophilic starter
cultures were used in the study. Chy-Max Plus
200 IMCU Rennet (1:15000), (Denmark) was
added to the milk in the amount determined by
yeast strength analysis. The clot was cut into 2-3
cm? cubes using a cheese wire. The whey was
separated from the clot after 15-20 minutes of
waiting. The whey was then taken out with a
coagulum press. The coagulum was heated to 40
°C until the acidity reached pH 5.80 and the
serum was removed more quickly. The majority of
the whey was then removed, and the curd's pH
was reduced to 5.20.

After the curd reached the desired acidity level
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was crushed, was taken a kneading machine
(intermak, Tirkiye), dry boiled process was
applied by adding phosphate group melting salt
into it (0.3 %w/w). The curd was transferred to
mould which was 500 g by shaping, it was stored
room temperature to yellow, was stored at +4°C
for a night after removed from mould. Cheeses
shaped were stored in polypropylene (PP)
vacuum packaging.

Determination in both types of milk used in
cheese production was designated by using
Mettler Toledo (Switzerland) branded pH meter,
%lactic acid amount titration method, fat analysis
with Gerber principle, dry matter determination
with
determination (Anonymous, 2017).

gravimetric method, antibiotic

The cheeses which were not ripened were
analyzed after three days. The cheeses analyzed
after three days were checked in terms of values.
In order to determine values the following
methods were used: pH determination of samples
with Mettler Toledo (Switzerland) branded pH

meter (Anonymous, 1983), % lactic acid amount

titration method (Anonymous, 2000a), fat
analysis with Gerber principle (Anonymous,
2000b), dry matter determination with
gravimetric method (Anonymous, 2000a), salt
determination (Anonymous,  2000c), ash
determination  (Anonymous, 1983), color

determination using the Minolta CR-400 color
device (Minolta Corp, Ramsey, NJ, USA), yield
calculation (Van Slyke and Price, 1936; Mishra,
2006 ), determination of water activity values
(aw) with a portable hygrometer (Novasina AG,
CH 8853,
Texture Profile Analysis

Systems Taxtplus C (UK)
analysis was performed using A/ECB Craft Knife
and Fracture Wedge Set (A/WEG) probes in terms
of firmness, hardness and brittleness parameters

Labswift aw, Lachen, Switzerland),
with Stable Micro
instrument.Texture

analyzed in  hard-type cheeses. Protein
determination was by using the Kjeldahl method
according to the IDF method (Gripon et al.,1975).
Sensory analysis was carried out with 10 panelists
2016).

determined according to Buffa et al. (2004). Five

(Anonymous, Organic acids were



Albayrak Karaoglu, 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(2): 265-276

grams of sample was taken and then 25 ml of
deionized water was mixed by ultraturrax for one
minute. The tubes were left in the shaker at 250
rpm for 4 hours. After centrifuging the tubes at
1900 x g for 15 minutes, the samples were
prepared for injection by passing them through a
0.45-micron filter. Organic acids were determined
by using GL-7400 HPLC System, Column
InertSustain C18(5 um , 250x4,6mm I.D., Col.,
these parametres Temp. 40 °C, Detection UV

210nm (GL-PDA Detector), Injection Vol. 10 ul
method (Tokyo, Japan). Statistical analysis data
were analyzed using SPSS version 10.0 statistical
program (SPSS, 1999).
variance was made using the ANOVA.

one-way analysis of

Result and discussion

Values of raw milk used in cheese production
are given in Table 1.

Table 1. Some values of raw goat’s and cow’s milk used in cheese production

Parameters Goat milk Cow milk

pH 6.73+0,02 6.6610,01
Titratable acidity (Lactic acid) % 0.1740,01 0.18+0,01
Dry matter(%) 12.82+0,03 12.15+0,03
Fat (%) 3.90+0,01 3.70+0,01

Both types of milk were found to have a
general average composition in terms of dry
matter, fat, titration acidity, pH values, and the
The
consistent with the Communiqué on Raw Milk

absence of antibiotics. results were

and Heat Treated Drinking Milk (Anonymous,
2004).

Table 2 shows the chemical, biochemical, and
yield values of semi-hard cheeses produced from
goat's and cow's milk.

Table 2. Chemical, biochemical properties and yield ratios of cheese samples

Parameters Goat’s cheese Cow’s cheese
pH 5.49+0.01° 5.44+0.01°
Lactic acid % 1.04+0.052 0.9240.19?
Dry matter 57.72+0.53?° 55.79+0.64°
Fat 22.75+1.41° 21.0040.35°
Ash 3.90+0.06° 2.31+0.13°
Water activity 0.917+0.01° 0.915+0.01°
Salt 1.29+0.14° 1.35+0.12°
Protein 32.51+0.01° 28.57+0.01°
Yield calculation 10.38+0.01° 8.17+0.01°

a-b* Different letters indicate a significant difference in each line (p< 0.05).

It determined that the statistical

difference between the pH values of cheese

was

varieties was significant (p<0.05). The titration
acidity (% lactic acid) value of cheeses produced
from goat’s milk is higher. When the initial pH and
lactic acid levels of the milk species were
compared, the acidity development level was
roughly the same in both types of milk. Salazar et
al. (2018) determined the pH values of Gouda
cheeses produced from raw and pasteurized
cow's milk to be between 5.26 and 5.86, whereas
the pH values of goat's milk cheeses were
5.39 and 5.50. the

conducted on Xinotyri cheese, the pH values of

between In research
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cheeses produced from raw and pasteurized goat
milk were between 4.2-4.5 (Pappa et al., 2022). It
was determined that the dry matter of semi-hard
type cheeses produced from goat’s milk was
higher. Two cheese types produced from different
kinds of milk were compared and there was a
significant difference (p<0.05). According to
Gambaro et al. (2017), the dry matter levels of 15
market goat cheeses range between 44.1 and
71.9 percent. According to a study that looked at
the effect of carbon dioxide and oxygen gas
permeability during the ripening of semi-hard
type goat cheese, the dry matter values of the
cheeses started at 53.96% and increased during
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storage (Darnay et al., 2019).

It has been determined that goat cheeses
contain more fat. When the fat ratios of the milk
used in the production of cheese were compared,
it was determined that although the fat ratio of
goat milk was high, the data of the two milk types
did not show a statistically significant difference
(p>0.05). The fat ratios of semi-hard cheese types
produced from 100% goat and 100% cow milk
range between 25.22% and 28.65%, with the
lowest in cheese produced from 100% cow milk.
In the study, the fat ratio of raw cow milk used to
produce cheese was found to be between 3.59
and 3.82 percent, while it was between 3.27 and
3.28 percent for raw goat milk.(Shehan et al.,
2009). According to our research, the fat rate in
semi-hard type goat cheeses is higher due to the
higher fat rate in raw goat milk. In addition, milk
fat might vary depending on variables such as the
type of animal, its nutrition, its age, and its
lactation time (Metin, 2005). In a study that
looked at the changes in ripening of Cheddar
cheeses using different probiotic bacteria, the
lowest fat value at the beginning of ripening was
31.71%, and the highest fat value at the end of
ripening was 34.20%. There was no statistical
difference between the fat ratios of the cheeses
(Ong and Shah, 2009). According to a study on
Maiorchino cheese, a semi-hard cheese produced
from a mixture of goat and sheep milk, the fat
level increased from 25.9% to 30.2% during the
period of twenty-four months of storage (Conte
et al.,, 2015).

Manuelian et al. (2020) searched at cheeses
made from buffalo, goat, cow, and sheep's milk.
The fat rate in soft goat cheeses was 17.12%, in
hard sheep cheeses it was 31.42%, in semi-hard
cow cheeses it was 27.31%, and in soft buffalo
cheeses it was 22.59%. In the same study, Asiago
cheese, a semi-hard type of cheese, had a fat
ratio of 29.58%; Emmental cheese has a fat ratio
of 24.5%; Fontina cheese has a fat ratio of
27.89%; Provolone cheese has a fat ratio of
28.94%; and Cheddar cheese has a fat ratio of
36.16%.

There was a statistically significant difference
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(p0.05) between these two cheeses. It is known
that the salts that come naturally in milk and are
added to the curd during production have a direct
effect on the amount of ash in cheese. In a study
that looked at the effects of storage conditions on
semi-hard goat cheeses, the ash content of the
cheeses ranged from 2.50% to 5.64% at the end
of the 90" day of storage (Sumarmono et al.,
2019). Analyses of Xinotyri Cheese, a hard cheese
produced from both pasteurized and raw goat's
milk, showed that the ash ratios in cheese made
from raw goat milk started at 0.85% and reached
2.47% after 90 days of storage. After 90 days of
storage, it was found to be 3.28% in cheese
produced from pasteurized goat's milk. On the
day it was made, it was 0.73% (Pappa et al,,
2022).

There was no difference in salt rates because
both types of cheese were made with the same
salt types and amounts.

The total protein ratios of the cheeses were
examined, and it was discovered that goat milk
had 32.51% total protein and cow milk had
28.57% total protein. The distinction in total
protein content between the cheeses was
statistically significant (p<0.05). Emirmustafaoglu
and Coskun (2012) found that the total protein
values of Otlu cheeses made from a mixture of
goat, cow, and both types of milk ranged between
18.46 and 22.74%, with goat cheese having the
highest protein level. When the protein ratios of
semi-hard type cheeses made from 100% cow,
100% goat milk, and mixed milk at different rates
are examined, it is discovered that the protein
ratio in cheese made from 100% goat milk is the
highest (23.32%), and the protein ratio decreases
as the cow's milk mixture ratio increases
(Sheehan et al.,, 2009). The protein ratios of 15
different commercial semi-hard goat cheeses
were found to be higher than other types of
cheese, with values ranging from 21.4% to 32.1%
(Gambaro et al., 2017).

According to Sumarmono et al. (2019), the
protein content of goat cheeses was 15.98% at
the start of ripening and 24.59% at the end of the
90 day storage period. Alvarez and Fresno(2021),
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looked at the physical and chemical properties of
Palmero cheese made from goat's milk during the
90 day storage period. They found that the
protein ratio changed from 26.98% to 31.37%.
According to the researchers, this difference was
statistically significant. Furthermore, it was stated
that the B-casein/asl1-casein ratio in goat's milk is
70%/30% (Turkmen, 2017). The B-casein level in
Xinotyri cheese, a hard type of goat cheese, was
found to be higher than the asl-casein level
(Pappa et al., 2022).

The yield calculations of the semi-hard cheeses
produced have been examined, and it has been
determined that the yield rate of the goat milk
cheese is higher. This distinction was also
discovered to be statistically significant (p<0.05).
There are two possible explanations for the high
yield in cheese. A high fat-free dry matter ratio or
casein ratio boosts yield (Matutinovi'c et al.,,
2021).

El-Zoughby (1998) determined the yield rates
of Mozzarella cheese produced from various
types of milk as follows: 11.62 kg/100 kg milk
buffalo milk, 8.95 kg/100 kg milk cow's milk, 7.93
kg/100 kg milk goat milk, 10.50 kg/100 kg milk
buffalo and cow's milk mix, 10.35 kg/ buffalo and
goat milk. It was found to be 8.37 kg/100 kg of
cow and goat milk in 100 kg of milk, and 9.15
kg/100 kg of buffalo, cow, and goat milk.

Zedan et al. (2014) said that the yield of fresh
mozzarella cheese produced from a mix of buffalo
and cow's milk (11.66 kg/100 kg milk) is higher
than the yield of mozzarella cheese made from
only cow's milk (10.66 kg/100 kg milk).The
difference in yield was found to be caused by the
fact that buffalo's milk has more fat, protein, and
total dry matter than cow's milk.

In the study of Temizkan et al. (2014) found
that the real and corrected yields of kashar
cheese produced from sheep's milk were 13.77
kg/100 kg of milk and 12.31 kg/100 kg of milk,
respectively. It has been determined that it is
higher than the kashar cheese produced from
cow's milk.

Facia et al. (2015) found that Fior di Latte
cheese produced from a mixture of sheep and

goat milk had a higher yield than cow's milk
cheese.

Table 3. Color values of cheese samples

Color Analysis
Sample name L e b*
Goat’s cheese | 82.760,01° | 0.24+0,01° | 10.82+0,01°
Cow’s cheese | 85.42+0,01° | 0.17+0,01° | 11.36+0,01°

a-b* Different letters indicate a significant difference (p<
0.05) in each column

The cheeses were color analyzed, and the CIE
L*, a*, and b* values are shown in Table 3. Color
in dairy products can be affected by the type of
milk, fat and protein content, heat treatment,
packaging material, and oxidation during storage.

The L*
brightness level. The brightness of cow cheese

value represents the product's
was measured to be 85.42, and it was found that
goat cheese was brighter. Cow's milk cheese was
more clear than goat's milk cheese. In a color
analysis of Panela cheese made from different
concentrations of cow and goat's milk, it was
found that the L* value went up as the cheese
fully matured. This was because more goat's milk
was used to make the cheese, which made the L*
value go up. (Ram’irez-L'opez and V’elez-Ruiz,
2018). According to Palmero goat's milk cheese,
the L* value of 87.84 decreased during the
ripening period, and the value decreased by 79.41
on the 90t day (Alvarez and Fresno, 2021).

a* values, which show the color change from
red to green, were found to be higher in semi-
hard goat's milk cheese. It is well known that
dairy products made from goat milk have a higher
a* value. This is attributed to free fatty acids,
which differ in the structure of goat's milk (Egypto
Queiroga et al., 2013).

Sheehan et al. (2009) found that goat's milk
was linked to a higher a* value in cheeses made
with only goat's milk or a certain amount of cow's
milk.

Egypto Queiroga et al. (2013) conducted a
color analysis of Coalho cheeses made from cow,
goat, and their mixture milks, and discovered that
goat milk cheese has the highest a* value.
Sant'Ana et al. (2013) did a color analysis of Minas
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cheese made from goat's, cow's, and goat-cow
mixed milk. They found that the cheese made
from pure goat's milk had the highest a* value,
followed by cheese made from a mix of both
kinds of milk and cow's cheese.

It shows that the change in b* value, which
shows the yellow-blue color scale, moves toward
a yellowish color. The b* value in the milk of goats
fed green feeds might be different. It has been
said that the amount of carotene in milk changes
depending on how it is fed, and that this has an
effect on the product (Park, 2006; Lucas et al.,
2008).

The fact that goat's milk contains more
carotene than cow's milk is thought to influence
the b*
globule diameters in goat's milk are smaller and

value. Furthermore, because the fat
more evenly distributed, it reflects light more and
creates the perception of a lighter color. This
could explain why the b* value is lower than the
value determined in cow cheese. The color
analysis of Coalho cheese produced from a
mixture of goat, cow, and both milk revealed that
the cheese made from cow's milk had the highest
b* value, while the cheese made from goat's milk
had the lowest. The increase in these values has
been attributed to proteolysis and the Maillard
reaction (Egypto Queiroga et al.2013). Darnay et
al. investigated the effects of different 02/CO?
permeability on the ripening of semi-hard cheeses
(2019). The study determined the b* value to be
10.93, with the lowest value being 13.62.

Table 4. Texture analysis values of cheese samples

Parameters Goat’s Cheese Cow’s Cheese
Firmness 18.30+1.0° 18.36.£148?
Hardness 14.29+1.02 11.94+1.32°
Brittleness 7.59+1.21° 9.17+1.12°

a-b* Different letters indicate a significant difference in
each line (p< 0.05).

The chemical composition of the cheese, the
size and distribution of the fat globule, the
binding strength of the casein matrix, and the
interactions in the protein matrix all effect the
texture of the cheese (Hickey et al., 2015). The
main factor was reported to be the heat

treatment applied to the curd during the cheese
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making process. Cheeses heat-treated at high
temperatures (45 °C) have a harder structure than
cheeses produced at low temperatures (36 °C)
(Aldalur et al., 2019). Cutting and penetration
tests were performed on semi-hard cheeses
produced from goat and cow milk. In penetration
analysis, goat cheese was found to be harder in
hardness values (Table 4).

According to Mallatou et al. (1994), brined
white cheeses made from goat's milk are harder
than those made from sheep's milk. The fact that
the milk used to make cheese contains varying
casein structures and varying fat ratios influences
the rheological qualities of the cheese. According
the
concentration between cow's milk and goat's milk

to reports, difference in asl-casein
also influences the acidity, storage, and protein
aggregates of cheese (Ceballos et al., 2009).

Egypto Queiroga et al. (2013) discovered that
the nutritional, textural, and sensory properties of
Coalho cheeses produced from goat, cow, and
their mixtures were higher in cheeses made from
goat's milk.

In the study, the hardness value of cheese
produced from cow's milk is higher than that of
goat cheese. Miloradovic et al. (2018) examined
the texture of cow and goat Quark cheeses
produced using various heat treatments. It has
been determined that goat milk cheeses are
harder. This circumstance was discovered to be
statistically significant (p<0.05). According to a
study on Palmero cheese made from goat's milk,
the hardness value began at 125 N and increased
over the course of 90 days of ripening (Alvarez
and Fresno, 2021).

The analysis determined that the fragility level
of cow cheese was higher. The differences in
fragility between cheeses were found to be
statistically significant (p<0.05).

Statistically, there was no difference between
goat cheese and cow cheese when it came to
firmness. (p<0.05).

Organic acids play an important role in the
composition and flavor of foods. Fermentation
converts milk sugar (lactose) into organic acids

(Oztek, 1985). Proteolysis, lipolysis, and glycolysis
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all have an impact on the taste and aroma of milk
and its products. At the same time, some organic
acids are recognized as indicators of starter

Table 5. Organic acid values of cheese samples

culture development and bacterial control during
cheese ripening (Park and Lee, 2006; Manolaki et
al., 2006).

Organic acid (mg/L) Retention time(minute) Goat’s cheese Cow’s cheese
Oxalic acid 2.687 11.4310,39° 124.18+4.28°
Tartaric acid 2.985 233.58+8.06° 222.40+7.67°
Formic acid 3.274 957.75+33.04° 229.67+7.92°
Lactic acid 4.431 2040.03+70.37°2 2278.67+78.60°
Acetic acid 4.871 79.45+2.74° 997.911£34.42°
Succinic acid 7.009 111.20+3.84° 63.48+2.19°

a-b* Different letters indicate a significant difference each line (p< 0.05).

In the study, 6 organic acids (oxalic acid,
tartaric acid, formic acid, lactic acid, acetic acid
and succinic acid) were determined. The amount
of oxalic acid in goat cheese was discovered to be
less than that in cow cheese. This distinction was
discovered to be statistically significant (p<0.05).

The amount of tartaric acid in both cheeses
was found to be approximately the same. The
formic acid level in goat cheese was found to be
higher, and the difference between cheeses was
statistically significant (p<0.05). The lactic acid
level was found to be higher in cow cheese, but it
was not statistically significant (p>0.05). The
amount of acetic acid in cow cheese was found to
be higher than in goat cheese. It was found that
this statistically
(p<0.05). It was determined that the level of

difference was important
succinic acid was high in goat cheese. This

difference was found statistically significant
(p<0.05). The highest amount of lactic acid was
found in cheeses made from both types of milk.
The amount of formic acid and succinic acid in
goat cheese was found to be much higher than in
cow cheese.

Gambaro et al. (2017) looked at ripe and fresh
goat cheeses and found that lactic acid had the
highest level of organic acids. Park and Lee (2006)
studied the impact of freezing on organic acids in
plain soft Monterey Jack goat milk cheeses. The
amount of lactic acid was at the highest level,
followed by malic acid and tartaric acid.
Furthermore, it can be stated that some organic
affected by

temperature. Lactic acid is known to be an

acids are storage time and
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important flavor component in dairy products and
is responsible for the sour/acidic taste (Chen et
al., 2017).

In the study of Seckin et al. (2011) different
types of cheese produced from goat’s milk were
stored and examined the amount of organic acids.
Lactic acid was found at the highest level, while
pyruvic acid was found at the lowest level. It was
observed that while citric and fumaric acid levels
increased during storage, the amounts of malic,
acetic, pyruvic and propionic acids decreased
compared to the beginning of storage. Packaging
methods and freezing process also reported that
lactic acid levels were affected statistically.

In a study on Motal Tulum cheese, organic acid
values of this cheese stored at different storage
temperatures and in different packages were
investigated (Andig et al., 2010). It is stated that
citric, lactic, formic, acetic and propionic acid
contents, which increase during storage, are
significantly affected (p<0.05). It is stated that
than
in terms of packaging

organic acids other butyric acid are
significantly affected
parameters. Acetic acid can be produced from
lactose, citrate and amino acids (Aston and
Dulley, 1982).

Some bacteria use a fructose-6-phosphate to
produce acetic and lactic acid from lactose. The
fermentation pathway produces 3 moles of acetic
acid and 2 moles of lactic acid for every 2 moles
of glucose consumed (Scardovi and Trovatelli,
1965). According to some researchers, acetic acid
causes a biting and sour taste in some cheeses as

well as the vinegar smell (McSweeney and Sousa,
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2000).

Tekin (2016) determined citric, pyruvic, uric,
succinic, lactic, and formic acids in goat leather
and canned Tulum cheeses. While lactic acid was
found in the highest concentrations in cheeses,
propionic, acetic, formic, citric, pyruvic, and uric
acids were also found. Citric, succinic, and pyruvic
acids decreased during storage while lactic,

formic, acetic, propionic, and butanoic acids
increased. On the 90" day of ripening, succinic
acid increased twice as much in both Tulum
cheeses as it did in fresh cheese.

Ong and Shah (2009) determined on Cheddar
cheese, succinic and propionic acids after the 12t
week. According to some other researchers,
nonstarter lactic acid bacteria produce succinic
and propionic acids (Ocando et al., 1993). It has
been stated that succinic acid is formed from the
breakdown of lactic acid, pyruvic acid, citric acid,
isocitric acid and serine amino acid in cheeses.
The amount of succinic acid in cheeses produced
from milk with Lactobacillus plantarum added
increased significantly when compared to cheeses
with added.

Furthermore, it was discovered that cheese

made Lactobacillus  paracasei

storage and the total microflora of cheese
affected the amount of succinic acid (Dudley and
Steele, 2005; Skeie et al., 2008).

Formic acid levels in cheese have been found
to rise during the ripening process. According to
Tekin (2016), the level of formic acid in leather
and tin Tulum cheese was similar, but it was
detected at a slightly higher level in leather Tulum
cheese, and the microbial activity in leather
packaging was affected.

Gulcli (2008) said that grape juice has the

most tartaric acid, which is often used to make
things taste sour and sharp.
Lactate dehydrogenase can produce oxalic acid
from pyruvate, and glycolate oxidase in plants can
produce oxalic acid from glycolate. In his study on
Surk cheese, Giler (2014) determined the oxalic
acid level to be 93.10 (mg/100g cheese). She
speculated that oxalic acid could be derived from
the plants used to produce cheese.

Table 6. Sensory analysis results of cheeses

Descriptive Type of cheese

Analysis Goat’s cheese Cow’s cheese
Section, 15.95+6,60 15.31+6,75
appearance and

Structure (18

points)

Color (7 points) 5.95+2,60 6.29+2,39
Taste and Smell | 25.91+10,60 26.20£10,88
(28 points)
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Ten panelists assessed the sensory qualities of
the cheeses. Goat cheese was found to have a
higher structure and appearance score. It has
been determined that goat cheeses are disliked
because they are lighter in color. Goat cheeses
have been found to be less appreciated in terms
of taste and smell. It is believed that goat cheeses
do not receive fewer points due to their strong
aroma and the fact that the type of cheese
produced is new.

Delgado et al. (2011) say that the flavor of
cheese depends on several reactions, especially
the metabolism of lactose and lactate, lipolysis,
and proteolysis in the cheese matrix. Some
researchers think that branched chain fatty acids
could have a lot to do with the flavor of goat
cheeses (such as 4-ethyl-octanoic and 4-
methyloctanoic).

According to Morand-Fehr et al. (2004), fresh
cheeses have a less pronounced caprine flavor,
making them more appealing to most consumers.
The same researchers emphasize that using
hygienic practices during milking can reduce the
development of disagreeable taste in goat's milk
cheeses during storage due to a decrease in
lipolysis caused by contaminating bacteria,
specifically lipase producers.

Egypto Queiroga et al. (2013) found that
cheeses produce with goat's milk were less
appealing to the senses. Mixing goat's milk with
cow's milk made the cheeses more appealing to

the senses.
Conclusions
So, in this study, it was thought that semi-hard

cheeses made with goat's milk could be a good
alternative to cheeses made with cow's milk.
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There are chemical, biochemical, sensory, and
textural differences between cheeses made from
cow's milk and cheeses made from goat's milk. At
the end of the research, it was found that semi-
hard cheeses made from goat's milk are better in
terms of cross-section, appearance, taste, and
smell than cheeses made from cow's milk. People
think that goat milk can be a good raw material
for making semi-hard cheeses, which are thought
to be good in terms of how they work. So it will
help the dairy industry make more cheeses from
different kinds of milk, and more goat milk will be
used as a raw material. It will add to what is
known about how to take care of cheeses made
from different kinds of milk.
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ABSTRACT

The use of different instrumental methods as an alternative to traditional methods has
become an important issue in order to detect soil change accurately, quickly and
economically. In this study, soil profiles formed over four common parent materials (Mudflow,
Basalt, Limestone and Marl) in Sanliurfa province of Turkey were described. Soil samples were
collected from each horizon, in addition, surface soil samples (0-20 cm) of cultivated and
uncultivated lands around the soil profiles were collected. Soil samples were analyzed using
instrumental (ICP, XRF) techniques to determine total element (Si, Al, Fe, Ca, Mg, K, P, Mn, Cr)
concentrations as oxides, and assess the impact of parent materials and tillage (cultivated vs
uncultivated) on the elemental composition. The highest percent total oxides in the soils were
SiO2, Ca0, AlO2, and MgO. The total oxide concentrations determined by both techniques
were close to each other except SiO2, they were statistically different. In general, differences
in the mean total oxide values of the investigated elements among the soils formed on
different parent materials determined by both methods were found to be statistically
significant (p < 0.05) while the effect of soil tillage was significant (p < 0.05) only for the results
obtained with the XRF. The impacts of soil tillage status on other elements were statistically
negligible (p>0.05), but only MgO was shown to be significantly affected. The percent SiO2
values obtained by the ICP technique were quite low compared to the values obtained by the
XRF technique. Overall, in terms of total elemental oxide values obtained, the XRF method
was considered more advantageous over the ICP technique as it provides more accurate
results and requires less soil samples.

Key Words: Soil, Total oxides, Soil tillage, XRF, ICP
0z

Toprak degisiminin dogru, hizli ve ekonomik olarak tespit edilebilmesi icin geleneksel
yontemlere alternatif olarak farkli enstriimantal yontemlerin kullaniimasi 6nemli bir konu
haline gelmistir. Bu calismada Sanliurfa’da dort yaygin ana materyal (Camur akintisi, Bazalt,
Kirectasi ve Marn) lzerinde olusan topraklarin profilleri tanimlanmis, horizon esasina gére
alinmis bu profillerin yiizey horizonlari ve gevresindeki islenmis ve islenmemis arazilerin ylizey
ornekleri enstrimantal (ICP, XRF) teknikler kullanilarak arastirilmistir. Farkli ana materyaller
Uzerinde olusan topraklarin toplam element (Si, Al, Fe, Ca, Mg, K, P, Mn, Cr)
konsantrasyonlarini 6lgmek igin her iki yontem de kullanilmis ve ¢esitli ana materyallerin ve
toprak isleme uygulamalarinin sonuglar tzerindeki etkisi ANOVA ve Tukey’s analizleri ile
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degerlendirilmistir. Farkli ana materyale bagh olarak, topraklardaki SiO2, CaO, AlO2 ve MgO oranlari en yiksek bulunmustur.
Her iki teknikle belirlenen toplam oksit degerleri SiO2 harig birbirine yakin olmakla birlikte istatistiksel olarak farkli ¢ikmistir.
Farkh ana materyaller {izerinde olusan topraklar arasinda incelenen elementlerin ortalama toplam oksit degerleri arasindaki
farklihklar istatistiksel olarak 6nemli bulunmusken (p <0.05), toprak islemenin toplam oksitler lizerindeki etkisi sadece XRF
teknigi ile elde edilen sonuglardan elde edilmistir (p <0.05). Toprak isleme durumunun diger elementler tGzerindeki etkileri
MgO harig istatistiksel olarak 6nemsiz bulunmustur (p>0.05). ICP teknigi ile elde edilen ylzde SiO> degerleri, XRF teknigi ile
elde edilen degerlere gore oldukga diisiik bulunmustur. Genel olarak, elde edilen toplam elementer oksit degerleri agisindan
XRF yontemi, daha dogru sonuglar vermesi ve daha az toprak érnegi gerektirmesi nedeniyle ICP teknigine gére daha avantajli

bulunmustur.

Anahtar Kelimeler: Toprak, Toplam oksitler, Toprak isleme, XRF, ICP

Introduction

Soil is a complex structure containing inorganic
and organic materials, that have been formed as a
result of various soil formation processes. The
physical, chemical and morphological properties
of soils are the function of natural factors such as
climate, topography, living things, parent material
and vegetation, which are called "soil formation
1941). The
important processes causing the morphological,

factors" by Dokucayev (Jenny,
physical, chemical and biologic differentiation of
soils as a result of soil formation processes are
the displacement, transport, gain and loss of
energy and material (Simonson, 1959).

Soil ecosystem has a very complex structure
such as soil water movement, soil air, solar
radiation, cation exchange, clay mineral
decomposition, humus formation, pH, oxidation
and reduction potential, and other
physicochemical and biological interactions.

Soils differ in terms of their complex biological,
chemical, physical, mineralogical and hydrological
properties and have a dynamic structure that
changes over time. The speed of this change
mostly depends on climatic, biological and
topographic conditions. Some soil properties may
change in a very short time, while others may
take a very long time.

In recent years, different instrumental analysis
methods such as ICP, XRF and XRD have been
developed as an alternative to conventional
methods to detect changes in soil properties
more accurately, quickly and economically.
X Ray

spectroscopy and ICP can be used to provide

Techniques such as Fluorescence

comprehensive and numerical data both in situ
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and in the laboratory. X-ray fluorescence (XRF)
spectroscopy is an analytical tool that directly
measures the concentration of atomic elements
in a wide range of materials and has a great
advantage in analyzing small samples (Rawlins
and Cave, 2004).

The of XRF tested
distinguishing the soil samples on the same

potential was for
parent material from eastern England (Rawlins
2004). The

used

and Cave, X-ray fluorescence
the

exchangeable nutrient content of 58 soil samples

techniqgue was to determine
taken from 0 to 0.2 m soil depth in an agricultural
field in Brazil's southeast region (Tavares et al.,
2019).

The soils in a tropical humid area in Nigeria
were classified by examining the formation of
soils formed on limestone and analyzing the
routine and morphological properties of soil
samples, which were taken from 5 different
profiles formed on sandstone and limestone main
material, on the basis of horizon, as well as the
total element contents with ICP-OES (Ofem et al.,
2020).

The researchers collected 2200 soil samples
from 0-20 cm depth from agricultural areas and
2100 soil samples from 0-10 cm from grassland
areas and analyzed 94 different elements,
including SiO;, K20, Nax0, Fe;0s, Al;03 using ICP-
MS and XRF in 2009, within the scope of the
project named GEMAS (Geochemical Mapping of
European Agricultural Soils) in order to determine
whether the nutrients or pollutants in the soil are
of agricultural or terrestrial origin (Saaltink et al.,
2014). The obtained element concentrations were
compared with the Terrestrial Surface values in

the World and Europe. Average SiO;, K;0, Na:O,
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Fe,0s, Al,03 concentration values were 66.37%,
1.94%, 1.10%, 3.69%, 9.83%, respectively for
agricultural areas, and 63.78%, 1.84%, 0.95%,
3.62%, 9.83% for grassland areas, respectively.
The
obtained with the Earth's Terrestrial Surface
values (SiOz: 53.03%, K20O: 2.45%, NayO: 1.64%,
Fe 03: 2.35%; AlOs: 11.77%) reported that an
enrichment (increase) in SiO, and Fe;0s3 values to

researchers who compared the results

date, and impoverishment (decrease) in Al,O3,
Na;0 and KO values. The researchers attributed
the decreases in Al;0s3, Na;O and K;O to the
leaching of these oxides as a result of chemical
weathering, while the enrichment in SiO, and
Fe,0s3
decomposition. In addition to the soil elemental

made them more resistant to

analysis results, the researchers used factor
analysis on the data set they created together
with soil properties including clay content, pH,
LOI, KDK, total organic carbon. They interpreted
the reactions of minerals as being of geological
origin, such as clay minerals and carbonate
minerals.
Geochemical indices obtained by
proportioning the elements are generally used to
obtain information about the level of chemical
weathering in rocks and soil profiles. Geochemical
indices assume that mobile elements in the soil
decrease, while the amount of stable inert
elements increases during weathering. Major
oxides such as Al,0s3, Fe;0s are considered as
immobile while oxides such as SiO;, K20, Na;O,
The

concentrations of these oxides in the soil vary

MgO and CaO are considered mobile.

according to the pedogenic functions or the

parent rock. During soil formation, major

elements such as Mg, Ca, K and Na are reduced in
environments where leaching occurs. SiO; also
the
dissociation intensity, but since Al,O3; has low

generally decreases depending on
solubility, its relative ratio generally increases.
Similar to Al, Fe concentration increases with
increasing the weathering ration of materials
(Stockmann et al., 2016).

In this study, soil profiles formed over four
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common parent materials in Sanliurfa were
defined,
horizons and also surface samples of tilled and
the

instrumental

soil samples were taken from the

lands around profiles were
(ICP, XRF)

techniques. The total element concentrations of

untilled
investigated using
the soils formed on different parent materials
were determined by both techniques, and the
effects of differences in parent material and soil
tillage treatment on the results were compared.

Material and Methods
Study area

The
Sanliurfa, located in the Southeastern Anatolia

study area covers the province of
region of Turkey, is approximately 200 thousand
km? and is located between 36°38 00-37°5937"
northern latitudes and 37° 49° 03" - 40° 14 37"
east longitudes. Sanliurfa province has arid and
semi-arid climate characteristics. The summers
are hot and dry, and the winters are mild and
rainy. The geology of Sanliurfa province consists
of tertiary aged terrestrial sedimentary carbonate
volcanic rocks and

rocks, locally quaternary

alluvial and colluvial materials. While Eocene
limestones are widespread in the southwestern
and southern parts of the province, basalts
formed as a result of the Karacadag eruption are
dominant in the northeast of the province.
Colluvium and alluviums are mostly located in
depressions such as the Harran plain and on the
valley floors. In addition to these formations, in
the east and northeast sections, there are loose
lacustrine limestones, which start with white gray
marls at the bottom and very clayey at the top,
over siliceous limestones (MTA, 1996).

In the study, three profiles were dug on four
common parent materials in Sanliurfa: [-Mud
flows, II- Eocene-Miocene limestones, IlI-Neogene
marls, IV-Basalt materials (Figure 1). Soil surfaces
of profiles (12 in total) and surface (@ 0-20 cm)
samples from surroundings of each profile (58 in

total) were collected (Inci et al., 2021).
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Figure 1. The profiles opened on the common parent materials in the Sanliurfa Province

Geochemical analysis

Sub-samples of 4 g were taken for bulk
elemental analysis by ICP and X-ray Fluorescence
(XRF), which provides a non-destructive bulk
analysis with simple sample preparation.

ICP Optic
Emission Spectroscopy (ICP-OES)) was used for

(Inductively Coupled Plasma

analyses of major, minor and some trace
elements and it is an analytical technique used to
determine the concentration of certain elements
in a sample. A further sub-sample (0.1 g) was
taken for ICP analyses and digested with
HF/HNO3 at 70°C. Three HNO3/HF fluxes (4 ml
and 2 ml, respectively) were followed by two
additions of HNO3 (2 ml), the first of which was
evaporated off to near dryness before being
made up to 100 ml with deionized water to give a
2% solution. These samples were then analyzed
by ICP OES (PerkinElmer Optima 5300 DV). All

against SSP certified
(MBH Ltd,

registration number 034/04) and control blanks

samples were tested

reference  material Analytical
were run throughout the analysis in accordance
with standard procedures.

For XRF analysis, Organic materials, such as
plant matter, were removed from the sub-
samples before manually homogenizing them
with an agate pestle and mortar. Powdered

samples were then analyzed by XRF (Spectro X-
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Lab 2000) with a helium carrier gas. X-ray
emission spectrograph method is fast, reliable,
generally non-destructive, and in many cases
faster and more accurate than conventional
chemical analysis techniques. XRF is an elemental
analysis method that evaluates the presence and
concentration of various elements in soil and
plant materials by measuring the characteristics
of secondary radiation emitted from a sample
excited by an x-ray source. Elemental analysis
with XRF spectroscopy is based on the principle
that primary x-rays from a target tube cause
elements present in the sample to emit secondary
(fluorescent) x-radiation. When each element is
excited, it emits x-rays that have a specific
wavelength (inversely proportional to the square
of the atomic number) and intensity that is
roughly proportional to the amount of that
element. Elements with high atomic number emit
short wavelength and high energy radiation, while
elements with low atomic number emit long
wavelength and low energy radiation.

Statistical analyses

ANOVA ("analysis of variance") was used to
compare the differences between the analysis
findings of soil samples obtained from various
under various soil

parent materials tillage

treatments (cultivated and uncultivated soils).
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Tukey's multiple comparison test was then used
to measure the significance of the differences
between them. MINITAB program was used for
ANOVA

statistical

Tukey analysis. Basic descriptive

and correlation analyzes of soil

properties were performed in the R program.

Result and Discussions

Total oxide values of soil samples taken from
different parent materials, determined by XRF
and ICP methods are given in Table 1 and 2;
Figure 2 and 3. According to oxide values
calculated based on ICP technique, average values
of Ca0, Al;0s, Fex03, Mg0O, K,O, P05, MnO and
Cr,03 were respectively 9.44, 3.94, 3.89, 1.06,
0.21, 0.005, 0.09 and 0.01%. The same values
calculated with XRF technique were 14.44, 9.63,
7.47, 2.31, 1.26, 0.13 and 0.036%, respectively
(Table 1 and 2). LOI (Lost of Ignition) values,
which are known to be correlated with the
amount of organic materials in the soil, ranged
from 3.84 to 32.22% (Table 2).

SiO; values obtained with XRF method ranged
from 14.00 to 59.76 % with an average value of
44.91%, while SiO; values obtained with ICP
method ranged from 0.02 to 0.21 % with an

average value of 0.11%. As can be seen, the
percent SiO2 values obtained by the ICP technique
were lower compared to the values obtained by
the XRF technique. The extremely low percentage
SiO; values detected with the ICP technique can
be attributed to the pretreatment of soil samples
in this method. In the ICP analysis, HNOs and HCI
acids were used to pass the metals in the samples
to the solution during the pre-treatment of the
soil samples from the microwave oven to the
solution. At the end of this process applied in the
microwave oven, all compounds except the silicon
oxides are dissolved, so since the silicon in the soil
samples cannot be dissolved, errors are possible
in the silicon values determined by this method.
The use of HF is required in order to dissolve the
silicon, which will result in incorrect results by
passing the silicon into solution in the glass
material if glass materials are used during the ICP
be
encountered in the determination of silicon by

analysis.  Therefore, problems may
the ICP method. According to the sample t-test
results, there is a significant difference between
ICP and XRF for some selected elements (Co, Cu,
Ni and Zn), and it is seen that XRF had the highest
mean and ICP had the lowest mean values for all

analyzes (p <0.05) (Table 3).

Table 1. Descriptive statistics of oxide levels of soil samples determined by ICP OES

Oxides (%) Mean Std Dev' Min Max Range cv?
Cao 9.44 11.46 0.24 43.05 42.81 121.35

SiO2 0.086 0.048 0.02 0.81 0.78 55.8
Al203 3.94 1.74 0.80 7.58 6.78 44.19
Fe203 3.89 1.78 1.16 7.81 6.66 45.62
MgO 1.06 0.40 0.15 2.03 1.88 37.64
K20 0.21 0.10 0.04 0.50 0.46 45.42
P20s 0.005 0.003 0.000 0.01 0.01 55.49
MnO 0.09 0.04 0.03 0.23 0.21 52.48
Cr203 0.01 0.005 0.001 0.02 0.02 54.31

Std Dev: Standard Deviation; * CV: Coefficient of Variation (%)

O'Rourke et al. (2016) compared elemental
concentrations determined using XRF with
reference ICP technique. They reported that XRF
produced accurate results for macro elements
such as K and micro elements such as Mn, Zn, and
C, which can be found in high concentrations in
soils as well as elements such as Cr and Cu, which
can be found at low concentrations. They also
stated that the ICP method may be more suitable
for the measurement of elements that can be
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found at low concentrations (<5 mg/kg). In the
study, a very weak relationship was obtained
between XRF and ICP for Se, which is found at low
concentrations. The same researchers also
compared the XRF and VNIRS technique and
stated that the XRF method gave more successful
results than the VNIRS method in most of the
total elements estimation.

Ofem et al. (2020) investigating five different
profiles formed on the sandstone and limestone
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parent material in a tropical humid area in Nigeria
determined the total element contents with ICP-
OES and XRF. The researchers obtained positive
correlation (r=0.68) between Fe;0s determined
with XRF and Fe, Mg, Na and Al contents
determined with ICP-OES, statistically significant
positive relations (p<0.05) between MnO;
determined with XRF and Mg, Fe contents
determined with ICP-OES and between SiO;
determined with XRF and Al and Mg contents
determined with ICP-OES.

The elemental composition data of the surface

samples taken from the profiles formed on
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different parent material and around the profiles
were graphed for visual comparison (Figure 2 and
3). By looking at figures, the abundance or lack of
Ca0O, Fe;0s3, TiO2 and SiO; can be used to
distinguish the parent materials at the initial
stage. While CaO is quite high in soils formed on
Marn and Mud flows, CaO
content is quite low in soils formed on parent

parent material

Basalts with relatively higher Fe,0s3
Fe 03 be helpful
distinguishing soils at the initial level.

material

content. density can in
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The soils formed over basalt parent material
had high Fe;0s content, and were distinguished
from other parent materials. The Al,03 content of
the soils formed on the parent material Marn is
also quite low. Among the soils formed on
different parent materials (Alluvial deposits,
Colluvial deposits, Marl and Basalt), the soils with

the highest Fe;03 content were determined in
soils formed on basalt parent materials (Tuncay
and Dengiz, 2020). Similarly, the researchers
found that the % Al,Os values in the soils formed
on the Marl parent material (13.06 %) were
relatively lower than the soils formed on the
Basalt (13.94 %) and Limestone (13.29 %).

Table 2. Descriptive statistics of oxide levels of soil samples determined by XRF

Oxides

(%) Mean Std Dev Min Max Range cv
SiO2 4491 14.10 14.00 59.76 45.76 31.39
Ca0 14.44 13.25 1.73 48.04 46.31 91.75
Al03 9.63 2.96 2.31 14.23 11.92 30.69
Fe203 7.47 3.52 2.06 16.05 13.99 47.10
MgO 231 0.61 0.37 3.47 3.10 26.43
K20 1.26 0.53 0.59 4.03 3.44 41.64
TiO2 1.12 0.90 0.19 3.89 3.70 80.26
P20s 0.24 0.21 0.09 1.26 1.17 88.83
SO3 0.23 0.15 0.12 1.25 1.13 64.45
MnO 0.13 0.06 0.03 0.25 0.23 42.51
Na.0 0.043 0.002 0.04 0.05 0.01 5.71
Cr203 0.036 0.014 0.010 0.071 0.06 38.56
V20s 0.027 0.013 0.009 0.063 0.05 47.33
Cl 0.002 0.003 0.000 0.016 0.02 171.37
LOI 18.29 8.27 3.84 32.22 28.38 45.20

1Std Dev: Standard Deviation; ¥ CV: Coefficient of Variation (

SiO; contents varied between 14.00% and
59.76% with the average highest (56.12%)
detected in soils on Basalt parent material and
with the average lowest (25.64%) detected in soils
on Marl parent material. Al;Os contents varied
between 2.31% and 14.23%, with the average
highest (12.07%) detected in soils on Limestone
parent material and with the average lowest
(5.83%) detected in soils on Marl parent material.
The CaO contents varied between 1.73% and
48.04% with the average highest (31.54%)
detected in the soils on the Marl parent material
and with the average lowest (3.32%) detected in
soils on Basalt parent material. MgO contents
varied between 0.37% and 3.47% with the
average highest (3.07%) detected in soils on mud
flow parent material and with the average lowest
(1.84%) detected in soils on Marl parent material.
P,Os contents varied between 0.09% and 1.26%,
with the average highest (0.39%) detected in soils
on Basalt parent material and with the average
lowest (0.15%) detected in soils on the mud flow
parent material. The K;O contents varied between
0.59% and 4.03% with the average highest
(1.52%) detected in soils on limestone parent
material and with the average lowest (0.90%)

%)
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detected in soils on Marl parent material. MnO
contents varied between 0.03% and 0.25% with
the average highest (0.175%) detected in soils on
Basalt parent material and with the average
lowest (0.07%) detected in soils on Marl parent
material. Fe2O3 contents varied between 2.06%
and 15.92% with the average highest (11.49%)
detected in the soils on the basalt parent material
and with the average lowest (3.88%) detected in
soils on Marl parent material. TiO, contents
varied between 0.19% and 3.89% with the
average highest (2.13%) detected in soils on
Basalt parent material and with the average
lowest (0.45%) detected in soils on Marl parent
material.

The oxide values found in this study are
consistent with those found in earlier studies.
Heidari et al. (2022) analyzed a total of 184 soil
and rock samples in the profiles they defined at
56 points in Iran, which has a semi-arid climate.
According to the results of the XRF analysis of the
samples taken from the rocks and soils at the
opened points, the highest element in the soil and
rocks was SiO2 (40% to > 65%) with an average of
48%. Other oxides varied as Al,03 (0.08 — 23 %),
Fe;03 (0.07 — 16.26 %), CaO (0.30- 52.98%), Na,O
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(0.23- 1.18%), KO (0.01-4.76%), TiO, (0.02-
2.49%), MnO (0.01- 0.21%) and ZrO; (0.00-
0.08%). The researchers also found that the total
extracted element concentrations as a percentage
varied between 73% and 97%, and the LOI values
varied between 3% and 27% depending on the
organic matter in the soil. Badia et al. (2015)
measured elemental distribution at different
depths of the soil profiles that have occurred on
the calcareous fluvial deposits along the
Alcanadre river in the Ebro basin, which has a
semi-arid climate in the North East of Spain in

order to examine the temporal changes of soils of
different ages and depths. They found the
element with the highest amount in the profiles
was SiO; (6.8-82.9%), followed by CaO (5.8-
56.5%), Al,03 (2.9-14.4%), K,0 (0.7-8.0%), TiO, (<
0.6%) and MnO (<0.1%) according to XRF analysis
results. The researchers attributed the decreases
in Al;03, Na;0 and K;O to the leaching of these
oxides as a result of chemical decomposition,
while they attributed the enrichment in SiO; and
Fe20s to their being more resistant to weathering.

Table 3. Comparison of ICP and XRF techniques for some selected elements

Element

(%) Group n Min Max Average Std. D Std. E t-value sd p

Co ICP 58 2.5 81.1 21.3 19.0 2.5 7.5 113 0.000***
XRF 57 21.2 144.0 54.1 26.6 3.5

Cu ICP 58 5.6 41.6 18.3 9.4 1.2 8.2 113 0.000***
XRF 57 14.9 83.1 38.3 15.7 2.0

Ni ICP 58 28.7 200.2 89.8 44.2 5.8 5.6 113 0.000***
XRF 57 49.6 287.5 143.8 57.9 7.6

Zn ICP 58 25.1 162.3 71.6 26.5 3.4 4.5 113 0.000***
XRF 57 42.0 182.5 95.3 29.6 3.9

*** p significant at p<0.001 level
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SiO2/Al;03, SiO2/Fe,0s3, Ca0/MgO and
Al,03/K,0 ratios were obtained by using oxides
determined in soil samples by XRF technique.
Si/Al ratios give information about the weathering
levels of rocks (Ruxton, 1968). Silicon loss is
related to total-element losses, the Si/Al ratio can
provide information about the Ilevel of
decomposition if Al remains constant during
decomposition. In order to achieve this ratio,
total iron oxides (SiO,/Fe03) can be used instead
of aluminum (Ruxton, 1968).

SiO2/Al;03 ratios varied between 3.27 and
6.47. The highest average value (5.2) was
obtained from soils formed on basalt parent
material (Figure 3). The CaO/MgO ratios varied
between 0.79 and 129.49 and the highest average
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Figure 3. Comparison of oxides ratios (SiO2 and Al.0s) belonging to the surface
samples of soils formed on different parent materials (1-Mudflow, 2-

Limestone, 3-Marl, 4-Basalt).

The decrease in the Ruxton index (SiO2/Al,03)
indicates an increase in the separation intensity.
This ratio is generally between 0 and 10; the
lowest value, 0, indicates optimum separation,
and 10 indicates fresh material (Stockmann et al.,
2016). Low SiO/Al,03 ratios may indicate
possible advanced chemical weathering
(Andreeva et al.,, 2011). Low Si/Al ratios can be
seen especially in semi-humid areas with high
precipitation, where the movement of elements
from the profile is high. In addition, in the early
stages of weathering, the basalts lose their mobile
elements (Mg, Ca, Na and K) and retain elements
such as Al, Fe and Ti (Heidari and Raheb, 2020). In
basaltic rocks, at the beginning of the weathering,
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value (28.73) was obtained from the soils formed
on the marl parent material. SiO,/Fe;03 ratios
varied between 3.23 and 9.29 and the highest
average value (7.8) was obtained from the soils
formed on the mudflow parent material.
Al>03/K>0 ratios varied between 3.83 and 16.49
and the highest average value (10.16) was
obtained from soils formed on basalt parent
material.

The Ruxton weathering index (SiO2/Al,03) was
developed to determine the level of chemical
weathering in rocks and relates silicon to the total
elemental loss during weathering. Here it is
assumed that silicon is mobile oxide, while
sesquioxide aluminum is immobile.

PARENT
MATERIAL
& 1

A2

Y3

m 4

12 14 16

there is a loss of Ca and a decrease in silicon, and
relatively increases in Al and Fe. During the
ongoing decomposition, there is an increase in Fe
by washing Al.

Statistical analysis

The results of ANOVA analysis showing the
effects of factors such as soil cultivation and
parent material on the element concentrations
obtained by ICP and XRF techniques are given in
the Tables 4- 9. While the effect of the parent
material on the elemental analysis results
obtained with both techniques was generally
found to be statistically significant (p<0.05), the
effect of soil tillage was only found to be
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significant (p<0.05) only on the analysis results
obtained with the XRF technique. Soil tillage
status was found to be significant only in terms of
MgO, but its effects on other elements were
statistically insignificant (p>0.05).

Considering the oxide values calculated by the
ICP technique, the averages of the other total
elements except for P,Os, K20 and Cr,03, the
differences between the parent materials were
found to be statistically significant (Table 4).
Considering the oxide values calculated by the
XRF technique, the differences in the averages of
all the total elements between the parent
materials were found to be statistically significant
(Table 7).

Soils formed on basalt parent material had the
highest values among soils formed on different
parent materials in terms of average SiO;, P20Os,
TiO2, Fe205 and MnO, so they were in a different
group from other parent materials (Table 8). Soils
formed on mudflows had the highest average
MgO values and therefore were in a different
group from other parent materials (Table 8).
While the soils formed on the marl parent
material had the highest average CaO values, the
soils formed on the lime parent material were
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classified in a different group as having the
highest K,O values (Table 8). In a different study
evaluating soils formed on different parent
materials in terms of elemental concentrations, it
was determined that soils formed on basalt
parent material contained relatively higher rates
of SiO,, P;0s, TiO,, Fe;03 compared to soils
formed on Marl and Limestone (Tuncay and
Dengiz, 2020). The researchers determined the
highest per cent CaO ratios in soils formed on
limestone. In a different study, it was determined
that areas dominated by Marl parent material had
relatively high CaO ratios (Tungay et al., 2019). In
general, the results obtained in this study and
from different studies show that the parent
material can have significant effects on the soil
elemental contents.

When XRF analysis results are subjected to
ANOVA analysis; except for the MgO variable,
other variables were not significant for tillage
(Table 7). According to Tukey's multiple
comparison test, T1 (cultivated lands) had the
highest mean and T2 (uncultivated lands) had the
lowest mean in terms of MgO (p<0.05). No
difference was found in terms of tillage levels for
other variables (p>0.05) (Table 9).
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Table 4. ANOVA results of ICP analyses results

Al203 Cao MgO P20s K20 Cr203 MnO Fe203
Soil tillage 0.323 0.519 0.238 0.382 0.399 0.653 0.577 0.866
Parent material 0.000*** 0.000*** 0.001** 0.097 0.050 0.058 0.000*** 0.000***
Soil profile 0.385 0.079 0.921 0.574 0.504 0.616 0.621 0.249
Soil tillage * Parent material 0.234 0.421 0.142 0.644 0.733 0.282 0.049* 0.226
Soil tillage * Profile 0.146 0.406 0.649 0.700 0.855 0.621 0.091 0.358
Parent material * Profile 0.196 0.000*** 0.358 0.684 0.387 0.456 0.002** 0.519
Soil tillage * Material * Profile 0.913 0.836 0.574 0.922 0.88 0.897 0.851 0.957
*** significant @ p < 0.001 level; ** significant @ p < 0.05 level; * significant @ p < 0.05 level;
Table 5. Turkey statistical results of the averages of total oxides obtained by the ICP Method of different parent materials
Parent material n Al203 Cao MgO P20s K20 Cr203 MnO Fe,0s3
Basalt 17 10.49 a 1.21c 1.40a 0.010 0.211 0.012 0.112a 5.35a
Mud flow 9 6.32b 7.56 b 1.06 ab 0.006 0.274 0.006 0.061b 2.93b
Carbonates 17 9.66 a 5.25ab 1.24 ab 0.048 0.462 0.015 0.117 a 4.96 a
Marn 14 5.00 b 25.90 a 0.78b 0.005 0.15 0.006 0.054 b 2.81b
P 0.000%*** 0.000%*** 0.001** 0.097" 0.050" 0.058"™ 0.000*** 0.000***
*** significant @ p < 0.001 level; ns: statistically not significant (p<0.05)
Table 6. Tukey statistical results of averages of total oxides obtained by ICP Method according to soil tillage status
Soil tillage n Al203 Cao MgO P20s K20 Cr203 MnO Fe203 LOI
T 35 8.009 9.884 1.155 0.022 0.3 0.01 0.085 3.912 18.72
NT 22 8.677 8.958 1.146 0.008 0.252 0.011 0.101 4.784 17.153
P 0.323™ 0.519" 0.238™ 0.382"™ 0.399™ 0.653™ 0.577"™ 0.866™ 0.438™
*** significant @ p < 0.001 level; ns: statistically not significant (p<0.05); T: Tilled soils; NT: Non- tilled soils
Table 7. ANOVA results of XRF
Na.O MgO Al,03 Si0: P20s K20 Cao TiO2 Cr203 MnO Fe,03 LOI
Soil tillage 0.533 0.047* 0.150 0.090 0.386 0.092 0.059 0.725 0.791 0.877 0.360 0.430
Parent material 0.014* 0.000*** 0.000%** 0.000%** 0.001** 0.004** 0.000%** 0.000%** 0.000%** 0.000%** 0.000%** 0.000%**
Soil Profile 0.003** 0.149 0.717 0.008** 0.017* 0.255 0.062 0.000%** 0.001** 0.582 0.001** 0.871
Tillage x Material 0.772 0.612 0.309 0.160 0.020* 0.237 0.091 0.198 0.264 0.042* 0.083 0.763
Tillage x Profile 0.730 0.715 0.086 0.117 0.330 0.527 0.064 0.850 0.126 0.080 0.288 0.827
Material x Profile 0.143 0.002** 0.055 0.007** 0.051 0.151 0.038* 0.000%** 0.000%** 0.000%** 0.000%** 0.002**
Till x Mater x Profile 0.505 0.413 0.196 0.195 0.034* 0.058 0.273 0.494 0.264 0.004** 0.170 0.243
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Table 8. Turkey statistical results of the averages of total oxides obtained by the XRF Method of different parent materials

Parent

Material n Na20 MgO Al203 SiO2 P20s K20 Ca0o TiO2 Cr203 MnO Fe20s3 LOI
Basalt 17 0.045a 2.30b 10.85a 56.12a 0.39a 1.28ab 3.32c 2.13a 0.042 a 0.175a 11.49a 11.57c
Mudflow 8 0.042b 3.07a 8.95b 44.26b 0.15b 1.33ab 17.41b 0.67bc 0.032b 0.107b 5.54c 18.39b
Carbonates 17 0.043b 2.38b 12.07a 51.14a 0.17b 1.52a 8.82c 0.91b 0.042a 0.16a 7.55b 15.27bc
Marn 14 0.043ab 1.84c 5.83c 25.64c 0.18b 0.90b 31.54a 0.45c¢ 0.023c 0.07c 3.88d 29.30a
P 0.014* 0.000*** 0.000*** 0.000*** 0.001** 0.004** 0.000*** 0.000*** 0.000** 0.000** 0.000** 0.000*
Table 9. Turkey statistical results of averages of total oxides obtained by XRF Method according to soil tillage status

Soil tillage n Na20 MgO Al203 SiO2 P20s K20 Ca0o TiO2 Cr203 MnO Fe203 LOI

T 35 0.043 2.448 a 9.632 44.835 0.243 1.347 14.429 1.029 0.034 0.127 7.177 18.546

NT 21 0.044 2.119b 9.803 46.075 0.239 1.143 13.456 1.313 0.039 0.148 8.163 17.368

P 0.533"™ 0.047* 0.150™ 0.090"™ 0.386™ 0.092 " 0.059™ 0.725™ 0.791™ 0.877"™ 0.360"™ 0.430"™

*significant @ p < 0.05 level; ns: statistically not significant (p<0.05)
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Conclusions

Total element concentrations of soils formed
on different parent materials were determined by
ICP and XRF techniques. SiO;, Ca0O, AlO; and MgO
had the highest ratios among the total oxides in
the soils, depending on the difference in the
parent material. The ANOVA analysis successfully
grouped different parent materials in terms of
their average total element contents determined
by both ICP and XRF techniques. Except for MgO
detected by XRF,
difference in average total element contents was

no statistically significant
found between different tillage applications. In
terms of total element contents determined,
statistical differences were found between the
two compared instrumental techniques (ICP vs.
XRF). Especially SiO; values were found to be low
in the analyses results of the total elements using
the ICP technique due to the acid solutions used
in the pretreatment of soils. Therefore, XRF
technique provided more accurate results for SiO;
values. On the other hand, in the analysis of soil
samples in XRF technique, relatively less soil
ICP
important advantage

samples are required compared to the

technique, which is an
especially in fields such as forensic soil science,

which requires very little soil.
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HARRAN TARIM ve GIDA BiLiIMLERi DERGISI
YAZIM KURALLARI

1. Makale, Microsoft Word programinda, Calibri yazi karakterinde, 1.15 satir araliginda, 12

2.

10.

11.

12.

punto diiz metin ve tek sttun olarak yazilmalidir.
Kenar bosluklari; sol, sag, alt ve list- 3 cm birakilarak, her satira ardisik olarak satir numarasi
verilerek hazirlanmalidir.

. Yazar(lar) makalenin ne tlrde bir yazi (Arastirma makalesi, derleme, teknik not vb.)

oldugunu belirtmelidir.

. Tiirkge baslik 14 punto (koyu ve ortah) kiiclk harflerle (Bashgin sadece ilk kelimesinin bas

harfi biyiik) ve diiz yazilmaldir. ingilizce bashk 12 punto ve ortali yazilmalidir.

Yazar isimleri Adi SOYADI kuralina gére Tirkce baslik sonrasi 12 punto (koyu, ortali ve
diiz) ve bir bosluk birakilarak yazilmali, yazar isimlerinin sonuna adres icin ist simge olarak
rakam, sorumlu yazari belirtmek icin ise * simgesi verilmelidir. Adres satiri yazar isimleri
sonrasinda 1 bosluk birakilarak 10 punto (normal, diiz ve ortali) yazilmalidir.

Adres satirindan sonra 1 bosluk birakilarak yazarlarin ORCID numaralari yazilmalidir. ORCID
satirinin altina, sorumlu yazar e-posta adresi belirtilmelidir.

. Metin genel olarak;

e Oz
e Abstract,
e Giris,

e Materyal ve Metot,

e Arastirma Bulgular ve Tartisma,
e Sonuglar,

e Ekler

e Kaynaklar seklinde olmalidir.

. Ana basliklarin yaziminda koyu olarak kelimelerin sadece bas harfleri bliyik yazilmalidir.

ikincil ve Gglincil bashklarda sadece ilk kelimenin bas harfi biyiik, diger kelimeler kiigiik,
koyu degil ve italik yazilmalidir. Metin ana basliklari, metin baslangici ve sonunda olmak
Uzere 1’ er bosluk birakilmahdir. Alt basliklardan 6nce 1 bosluk birakilmali, ancak,
sonrasinda bosluk birakilmamalidir. Tim basliklar girinti verilmeden sola yasli olarak
yazilmahdir.

. Metin icerisinde kaynak gésterimi (Yazar, yil) esasina gore yapilmalidir. Metin icerisinde

iki yazarli bir kaynagin gosteriminde, metin Tirkge ise (ilk yazar soyadi ve ikinci yazar
soyadi, yil) kurali uygulanmalidir. ikiden fazla yazarin bulundugu kaynaklarin gésteriminde
(ilk yazarin soyadi ve ark., yil) kurali uygulanmalidir.

Ornegin; (Mamay, 2020), (ikinci ve Bolat, 2018); (Séylemez ve ark., 2019),

Makale ingilizce olarak yazilacaksa (ilk yazar and ikinci yazar, yil) ve (ilk yazarin soyadi
et al., yil) kurali uygulanmalidir.

Ornegin; (Séylemez, 2018), (Bolat and Mamay, 2015), (Mamay et al., 2010).

Metin icerisinde birden fazla kaynaga ayni anda atif yapilacak ise; kaynaklar
yayinlandiklari yil dikkate alinarak kronolojik olarak siralanmalidir.

Oz (ABSTRACT): Baslk sola yasli olmali, 10 punto, koyu, paragraf basinda girinti
verilmemelidir. Tiirkce ve ingilizce metin 300 kelimeyi asmayacak sekilde, 10 punto ve 1
satir araliginda yazilmalidir. Oz ile Anahtar Kelimeler ve Abstract ile Key Words arasinda tek



satir bosluk (10 punto, diz) birakilarak metnin hemen altinda en fazla 5 adet Anahtar
Kelimeler (Key Words) yazilmalidir. Key Words ile ana metin (Giris) arasinda iki satir bosluk
birakilmalidir.

13. Makalelerde fotograf, grafik, cizim vb. “Sekil” olarak, Tablolar ise “Cizelge” olarak ifade
edilmelidir.

14. Cizelge ve Sekiller ardisik olarak numaralandiriimalidir (Sekil 1. veya Cizelge 1.). “Sekil”
ve “Cizelge” icerikleri 1 satir aralikh ve 10 punto olarak hazirlanmalidir.

15. Cizelge basliklari gizelgenin Ustlinde, sekil bashklari ise sekillerin altinda ilk harf biylk
olacak sekilde 1 satir aralikli 10 punto olarak yazilmalidir.

16. Tiirkge yazilmis makalelerde Sekil ve Cizelge basliklarinin ingilizceleri, Tiirkge bashgin
hemen altinda italik olarak yazilmahdir. (Makale ingilizce olarak yazilmissa, Sekil ve Cizelge
basliklarinin Turkge karsiliklari yazilmayacaktir)

Sekil 1. Arastirma bahcgesinde tespit edilen ortalama sicaklik, ortalama nispi nem ve aylik yagis miktari
ortalamasi degerleri (2007-2011 yillari ortalamasi)

Figure 1. The average temperature, average relative humidity and average monthly rainfall data detected in the
research garden (average of the years 2007-2011)

Cizelge 2. Seftali gesitlerinin 2007 - 2011 yillari arasindaki fenolojik gdzlem sonuglari
Table 2. Phenological observation results of peach cultivars for between 2007 and 2011

Tirkgce yazilmis makalelerde Cizelge ile Sekillerin igerisinde bulunan parametrelerin
ingilizce karsiliklari bu parametrelerin hemen altina italik olarak yazilmalidir. (Makale ingilizce
olarak yazilmissa, Sekil ve Cizelgelerin icerisinde belirtilen parametrelerin Tlrkge karsiliklari
yazilmayacaktir.)

Cizelge 3. Denemede yer alan seftali gesitlerinin bazi pomolojik 6zellikleri
Table 3. Some pomological properties of peach varieties

Cesitler Meyve agirhgi(g) Meyve eni (mm) | Meyve boyu(mm) Cekirdek agirhigi (g)
Varieties Fruit weight (g) Fruit width (mm) |  Fruit length (mm) Kernel weight (g)
Cardinal 78.19 f 50.73 d 48.48 ¢ 5.06d
Cresthaven 129.58 b 61.69 bc 59.56 b 8.31 bc

17. Makale metni ve Cizelge-Sekil icerisinde bildirilen ondalik rakamlar, nokta ile ayrilmalidir.
(123.87; 0.987 vb.).

18. Cizelge-Sekillerden dnce ve sonra bir satir bosluk birakilmalidir.

19. Makale yaziminda “Uluslararasi Birim Sistemi” (SI)’ye uyulmalidir. Buna gore; g/l yerine g
I, mg/l yerine mg I'* ya da ppm kullaniimalidir. Yuzde ile belirtilen ifadeler aciklayici
olmalidir. Ornegin; %3 yerine %3 (w/v), %3 (v/v), %3 (w/w) seklinde belirtilmelidir.

20. Harran Tarim ve Gida Bilimleri Dergisi Kaynaklar listesinin bildirisinde APA Formatini
kullanmaktadir. Buna gore kaynaklar listesi asagidaki kurallar c¢ergevesinde
hazirlanmalidir.

1. DERGIi YAYINLARINA ATIF VERME

1.1. Tek yazarli makale

Mamay, M. (2015). Nar yaprakbiti [Aphis punicae Passerini (Hemiptera: Aphididae)]’nin
Sanlurfaili nar bahgelerindeki bulasiklik haritasi. Tiirkiye Entomoloji Biilteni, 5(3), 159-
166.



1.2. iki yazarl makale

Soylemez, S., & Pakyurek, A. Y. (2017). Responses of rootstocks to nutrient induced high EC
levels on yield and fruit quality of grafted tomato cultivars in greenhouse conditions.
Applied  ecology and environmental research, 15(3), 759-770. DOI:
http://dx.doi.org/10.15666/aeer/1503 759770

1.3. ikiden fazla yazarl makale

Mamay, M., Unli, L., Yanik, E., Dogramaci, M., & ikinci, A. (2016). Efficacy of mating
disruption technique against carob moth, Apomyelois ceratoniae Zeller (Lepidoptera:
Pyralidae) in pomegranate orchards in Southeast Turkey (Sanliurfa). International
Journal of Pest Management, 62(4), 295-299.

Ikinci, A., Mamay, M., Unlu, L., Bolat, I., & Ercisli, S. (2014). Determination of heat
requirements and effective heat summations of some pomegranate cultivars grown
in Southern Anatolia. Erwerbs-Obstbau, 56(4), 131-138. DOI:
https://doi.org/10.1007/s10341-014-0220-8

2. KITAPLARI KAYNAK GOSTERME

2.1. Kaynak kitap ise,

Mohsenin, N. N. (1970). Physical Properties of Plant and Animal Materials. New York:
Gordon and Breach Science Publishers.

2.2. Kaynak kitaptan bir boliim ise,
Author, A. A. (Year). Chapter title. In E. E. Editor (Ed.), Title of book: And subtitle (pp.
pages). Place: Publisher.

2.3. Editorla kitap

Yesilyaprak, B. (Ed. ). (2003). Gelisim ve égrenme psikolojisi. Ankara: Pegema Yayincilik.

2.4. Yazari bilinmeyen kaynaklari veya internet kaynaklarini kaynak olarak gosterme;

Anonymous (2005). Tereyagl, diger sit yagi esash sirilebilir Grlinler ve sadeyag tebligi. Turk
Gida Kodeksi, Teblig No: 2005/19, Ankara.

FAO, (2015). Statistical data of FAO. Retrieved from:
http://faostat.fao.org/site/567/default.asp.

3. YUKSEK LISANS ve DOKTORA TEZLERINE ATIF VERME

Doktora ya da vyuksek lisans tezlerine elektronik veri tabanlarindan, kurumsal
arsivlerden ve kisisel web sayfalarindan erisilebilir. Eger bir teze ProQuest doktora ve yiiksek
lisans tezleri veri tabanindan ya da diger bir kaynaktan erisildiyse, atifta bu bilgi verilmelidir.
Bir veri tabani servisinde mevcut olan bir doktora ya da yiiksek lisans tezi icin asagidaki
kaynak gosterme bicimi kullanilir:


http://dx.doi.org/10.15666/aeer/1503_759770
https://doi.org/10.1007/s10341-014-0220-8
http://faostat.fao.org/site/567/default.asp

3.1. Yayimlanmamis tez

Mamay, M. (2013). Determination of population development and infestation ratio of carob
moth [Apomyelois ceratoniae Zell. (Lepidoptera:Pyralidae) in pomegranate orchards
in Sanliurfa province and using mating disruption technique for its control
(Yayimlanmamis doktora tezi). Harran Universitesi Fen Bilimleri Enstitiisti, Sanhurfa.

Soylemez, S. (2014). Effects of nutrient induced salinity levels and rootstocks on plant
growing, yield and some fruit quality features at soilless grown grafted tomatoes
(Yayimlanmamis doktora tezi). Harran Universitesi Fen Bilimleri Enstitiisti, Sanhurfa.

3.2. Yayimlanmis tez
May, B. (2007). A survey of radial velocities in the zodiacal dust cloud. Bristol, UK: Canopus
Publishing.

4. SEMPOZYUM VE TOPLANTI BiLDiRILERINE ATIF VERME

Mamay, M. (2017). Population density of overwintering larvae of Carob Moth [Apomyelois
(=Ectomyelois) ceratoniae Zell. (Lepidoptera: Pyralidae)] in pomegranate orchards in
Southeastern Anatolia. SEAB 2017. Proceedings of the 3" International Symposium on
EuroAsian Biodiversity, (pp. 235), 05-08 July 2017, Minsk, Belarus.

Ikinci, A. & Mamay, M. (2017). Effects of fruit thinning on morphological, physico-chemical
properties, bioactive compounds, antioxidant activity and pest & disease control in
pomegranate fruit (Punica granatum L.) International Conference on Agriculture,
Forest, Food Sciences and Technologies, (pp. 642), 15-17 May 2017, Cappadocia,
Turkey.

Sonmez, C., Mamay, M. & Soylemez, S. (2019). Determination of the effect of different
hydroponic culture and different NH4:NO3 ratio on the density of aphid [Aphis spp.
(Hemiptera: Aphididae)] population in greenhouse lettuce. 1% International Gobeklitepe
Agriculture Congress (IGAC-2019), (pp. 599-604), 25-27 November, Sanliurfa,
Turkey.

Not: Yukarida yer alan kaynak goésterimlerde bulamadiginiz farkli materyal veya konu

bashklarindaki kaynak bildirisleri icin internetteki APA Kaynak Gosterimi ile ilgili
web sayfalarindan ya da asagidaki linkteki bilgilerden yararlanabilirsiniz.

https://libguides.library.usyd.edu.au/ld.php?content id=47913440

Sencan, i., ve Dogan, G. (2017). Bilimsel yayinlarda kaynak gdsterme, tablo ve sekil
olusturma rehberi: APA 6 Kurallarl. Tiirk Kitiphaneciligi Dergisi, Ankara.

https://www.tk.org.tr/APA/apa_2.pdf
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HARRAN TARIM ve GIDA BiLIMLERi DERGISi
YAZAR REHBERI

1. Harran Tarim ve Gida Bilimleri Dergisi’'ne génderilen makaleler Dergi Yayin Kurulu tarafindan
belirlenen yazim kurallarina gore yazilmalidir.

2. Makaleler, Dergipark Sistemi lizerinden online olarak yiklenmelidir.

3. Tum vyazarlar tarafindan imzalanan Telif Hakki Devir Soézlesmesi ve Makale Kontrol
Listesi (sorumlu yazar tarafindan imzalanacak) makale ile birlikte sisteme yuklenmelidir.

4. iThenticate Programi Benzerlik Raporu (%20’yi ge¢memelidir) ve gerekli ise Etik Kurul
Karari makale ile birlikte sisteme yuklenmelidir.

5. Hazirlanacak olan makale metni genel olarak;

e Oz,
e Abstract,
e Giris,
e Materyal ve Metot,
e Arastirma Bulgulari ve Tartisma,
e Sonuglar,
e Ekler,
e Beyanlar
e Cikar Catismasi

¢ Yazar Katkisi

e Kaynaklar bélimlerinden olusmalidir.

6. Bashlik: Kisa ve aciklayici olmali, Calibri yazi karakterinde, 14 punto, koyu, diiz, ortalanarak ve
kiicuk harflerle (Basligin sadece ilk kelimesinin bas harfi biyik) yazilmalidir. Baslik tercihen 15
kelimeyi gecmemelidir. ingilizce baslik Tiirkge basligi tam olarak karsilamali, 12 punto ve koyu
yazilmahdir.

7. Harran Tarim ve Gida Bilimleri Dergisi'ne yayinlanmasi i¢in makalenin ilk gonderiminde yazar
isimleri, kurum isimleri, adresleri, ORCID numaralari ve e-posta bilgileri yer almamalidir.

8. Makalenin hakem degerlendirmesi tamamlandiktan ve makale Yayin Kurulu tarafindan kabul
edildikten sonra, 7. maddede yer alan yazar isimleri ve diger bilgiler, hakem Onerilerine gore
yeniden diizenlenmis olan makale sayfasi (izerine yazildiktan sonra, Dergi web sayfasinda yer alan
dizenlenmis makaleyi gonder sayfasindan Dergi sistemine yiklenmelidir. Kontrol edilmis veya
diizeltilmis olan makale, yeni bir makale gibi Dergi web sayfasindan yiiklenmemelidir.

9. Yazar isimleri Adi SOYADI kuralina gére Tirkge baslik sonrasi 12 punto (koyu, ortali ve diiz) ve
bir bosluk birakilarak yazilmali, yazar isimlerinin sonuna adres icin (st simge olarak rakam,
sorumlu yazari belirtmek icin ise * simgesi verilmelidir. Adres satiri yazar isimleri sonrasinda 1
bosluk birakilarak 10 punto (normal, diiz ve ortali) yazilmalidir. Adres satirindan sonra 1 bosluk



birakilarak yazarlarin ORCID numaralari yazilmalidir. ORCID satirinin altina sorumlu yazar e-posta
adresi belirtilmelidir.

10. 0Z: Calismanin yiiriitildigii yer ve zamanini, amacini, ydntemini ve sonuglari icermelidir. Sola
yasli, 10 punto, koyu, paragraf basinda girinti verilmemelidir. Tiirkce ve ingilizce metin 300
kelimeyi asmayacak sekilde 10 punto ve 1 satir araliginda yazilmalidir. Oz ile Anahtar Kelimeler
ve Abstract ile Key Words arasinda tek satir bosluk (10 punto, diz) birakilarak, metnin hemen
altinda en fazla 5 adet Anahtar Kelimeler (Key Words) yazilmalidir. Key Words ile ana metin
(Girig) arasinda iki satir bosluk birakilmalidir.

11. Giris: Bu bolimde; ¢alisma konusu, gerekgesi, konu ile dogrudan ilgili dnceki ¢alismalar ve
calismanin amaci verilir. Bu bélimde; calismanin konusu 6zetlenmeli, konu hakkindaki mevcut
bilgi dogrudan iliskili 6nceki ¢alismalarla degerlendirilmeli ve bilgi Uretimine ihtiya¢ duyulan
hususlar vurgulanip ¢alisma ile iliskilendirilmelidir. Son olarak ¢alismanin amaci net ve agik bir
sekilde ifade edilmelidir.

12. Materyal ve Metot: Bu bolimde; calismada kullanilan canli ve cansiz materyaller, uygulanan
yontemler, degerlendirilen dlcitler, uygulanan deneme desenleri veya 6rnekleme yontemleri ile
istatistiksel analizler gerektiginde kaynaklarla da desteklenerek, acik ve net bicimde
anlatilmalidir. Yeni veya degistirilmis yontemler, ayni konuda calisanlara arastirmayi tekrarlama
olanagi verecek nitelikte agiklanmalidir. Bu amacgla gerektiginde alt baslik kullanilmalidir.

13. Arastirma Bulgulari ve Tartisma: Calismada elde edilen bulgular sekil ve cizelgeler yardimiyla
ve istatistiksel analizlere dayali olarak acik ve net bir bicimde verilmelidir. istatistiki olarak &nemli
bulunan faktorler, uygulanan istatistik analiz teknigine uygun Kkarsilastirma yontemi ile
yorumlanarak ilgili istatistikler tGzerinde harflendirme yapilmalidir. Ayni veriler hem grafik hem
de cizelge ile verilmemeli, konuya en uygun arac¢ secilmeli, anlatimda tekrarlayan ciimle ve
ifadelerden kaginilmalidir. Tartisma kisminda, uyum ve zithk agisindan Onceki calismalarla
karsilastirilmali, doldurdugu bilgi agigl vurgulanmali, dnceki bolimlerdeki ifadelerin oldugu gibi
tekrarindan kaginilmahidir.

14. Sonuglar: Bu boélimde; elde edilen nihai sonuclar ve varsa oneriler, bilime ve uygulamaya
katkisiyla birlikte kisa ve 0z olarak verilmelidir.

15. Ekler: Calismayi destekleyen kurum ve kuruluslar ile calismaya katki saglayanlar bu kisimda
ifade edilmelidir. Ayrica, makalenin lisansistl tezlerden Uretilip Gretilmedigi, abstract olarak
kongre ve sempozyumlarda sunulup sunulmadigi da Ekler bélimiinde belirtilmelidir.

16. Beyanlar (Declarations)

Cikar Catismasi: Kisiler makalelerin etik ilkeler cercevesinde degerlendirilebilmesi ve bagimsiz bir
sirec yurutilebilmesi icin olasi ¢ikar catismalari ile ilgili olarak yayin kurulunu bilgilendirmelidir.
Ekonomik veya kisisel fayda saglanan durumlar gikar catismasini meydana getirir. Bilimsel siirecin
ve yayinlanan makalelerin glvenilirligi; bilimsel calismanin planlanmasi, uygulanmasi, yazilmasi,
degerlendirilmesi, diizenlenmesi ve yayinlanmasi sirasinda c¢ikar catismalarinin objektif bir
sekilde ele alinmasiyla dogrudan iliskilidir. Makale ile ilgili ¢cikar ¢atismasi s6z konusu degilse,
“makale yazarlari, aralarinda herhangi bir ¢ikar catismasi olmadigini_beyan eder” ifadesi
yazilmahdir.

Yazar Katkisi: Calismanin tasarlanmasi, planlanmasi, kurulmasi, ylrittlmesi, verilerin analizi ve



makalenin yazilmasinda igerige bilimsel agidan katki saglayan her bir yazarin makaleye katki sekli
belirtilmelidir. Yazar katkilari, 6rnek olarak “MM galismayi tasarlayarak denemeleri kurmus, MM
ve AA calismay yiiriitmiis, BB verileri analiz etmis, MM, AA ve BB makaleyi yazmistir” seklinde
ifade edilebilir.

17. Kaynaklar: Makalede atifta bulunulan literatiirlere Harran Tarim ve Gida Bilimleri Dergisi
Yayin Kurulu tarafindan belirlenen yazim kurallarina gore yazilmalidir.

Harran Tarim ve Gida Bilimleri Dergisi Yazim Kurallari icin

18. Kisaltmalar ve Semboller: Makale basligi ve basliklarda kisaltma kullaniimamalidir. Gerekli
olan kisaltmalar kavramlarin ilk gectigi yerde parantez icinde verilmelidir. Kisaltmalarda ve
sembollerin kullaniminda ilgili alanin evrensel kurallarina uyulmasi zorunludur.

19. Formiiller: Makalelerde formuller “Esitlik” olarak adlandirilmali ve italik olarak yazilmahdir.
Makalede birden fazla esitlik varsa numaralandirilmali, numara formiliin yaninda saga dayali
olarak parantez icinde gosterilmelidir.

20. Makaleye ardisik olarak satir ve sayfa numarasi verilmelidir.
21. Calibri karakterinde, 12 punto ve 1.15 satir aralikli yazilan makale 20 sayfayi gecmemelidir.

22. Yayinlanmasina karar verilen eserler, sadece sekilsel olarak, yukarida yer alan bilgiler
dogrultusunda yeniden diuzenlenmeli, yazar(lar)ca herhangi bir eklenti ya da cikartma
yapitimamalidir.

23. Makale igerisinde, dergi basildigi haliyle gériinen hatalarin sorumlulugu yazarlara aittir. Yayin
Kurulundan kaynaklanan basim hatalari icin ise dlizeltme yayinlanabilir.

24. Harran Tarim ve Gida Bilimleri Dergisi; yazarlardan makale génderimi, degerlendirilmesi ve
basim asamalarinda herhangi bir basim Ucreti almamaktadir.
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MANUSCRIPT WRITING RULES

1. The manuscript should be written in Microsoft Word program, in Calibri
font, 1.15 line spacing, 12 pt. plain text and a single column.

2. Margins; Left, right, bottom and top 3 cm should be left, and each row
should be prepared consecutively by giving the line number.

3. Author (s) should indicate the type of manuscript (Research Manuscript,
Review, Technical Note etc.).

4. The English title should be written in 14 pt (bold and
centered) lowercase letters (only the first word of the title is capitalized) and in plain text.
The Turkish title should be written in 12 font size and centered.

5. Author names should be written in 12 pt. (Bold, centered and plain) and a

space after the title according to the Name SURNAME rule, followed by a number as superscript
for the address and a * symbol to indicate the corresponding author. Address line should be
written after the author names, leaving 1 space and 10 pt (normal, straight and centered).

6. Authors' ORCID numbers should be written, leaving 1 space after the

address line. Under the ORCID line, the responsible author e-mail address must be
specified.

7. The text should generally be in the following form;

e Abstract

e Introduction

e Material and Method,
e Results and Discussion,
e Conclusions

e Acknowledgement

¢ References

8. Inthe writing of main titles, only the initials of the words should be capitalized

in bold. In secondary and tertiary titles, only the first letter of the first word should be
capitalized, other words should be in small, not bold and italic. There should be 1 space each,
including the main headings of the text, the beginning and the end of the text. 1 space should
be left before subtitles, but no spaces should be left after them. All titles should be left justified
without indenting.

9. Reference should be cited in the text based on (Author, year) rule. In the

presentation of a reference with two authors in the text, the rule (first author's surname and
second author's surname, year) should be applied. In the display of sources with more than
two authors (first author's surname et al., year) rule must be applied.



For example; (Bilgili, 2020), (Bilgili and vanEs, 2018); (Bilgili et al., 2019).
10. If more than one reference will be cited at the same time in the text;

Referencens should be ordered chronologically, considering the year they were
published.

11. ABSTRACT: Title should be left justified, 10 pt, bold, not indented at the

beginning of the paragraph. Turkish and English texts should be written in 10 font size and 1
line spacing, not exceeding 300 words. A maximum of 5 Key Words should be written just
below the text, leaving a single line space (10 pt., Plain) between Abstract and Keywords, and
Oz (Turkish Abstract) and Key Words. Two lines of space should be left between Key Words and
the main text.

12. Photographs, graphics, drawings, etc. should be expressed as "Figure" and
Tables as "Tables".

13. Tables and Figures should be numbered consecutively (Figure 1. or Table
1.). Contents of "Figure" and "Table" should be prepared with 1 line spacing and 10 pt.

14. Table titles should be written above the table, and figure titles should be
written below the figures in 10 pt, 1 line spacing with the first letter capital.

15. Figure and Table titles should be written in italics;

Figure 1. The average temperature, average relative humidity and average monthly rainfall
data detected in the research garden (average of the years 2007-2011) Table 2.
Phenological observation results of peach cultivars for between 2007 and

2011

16. Decimal numbers in the manuscript text and Table-Figure should be
separated by a period. (123.87; 0.987 etc.).

17. One blank line should be left before and after the table-figures.

18. Manuscript writing should comply with the "International Unit System" (SI).

According to this; Use g I-1 instead of g / |, and mg I-1 or ppm instead of mg / |. Percentages
should be descriptive. For example; It should be specified as 3% (w / v), 3% (v / v), 3% (w / w)
instead of 3%.

19. Harran Journal of Agriculture and Food Sciences uses APA Style in the
submission of the sources list. Accordingly, the list of references should be

prepared in accordance with the following rules.

19.1. Citation to journal publications;

19.1.1. Single author manuscripts;



Mamay, M. (2015). Infestation map of pomegranate aphid [Aphis punicae Passerini (Hemiptera:
Aphididae)] in Sanliurfa province pomegranate orchards. Turkey Entomology Bulletin, 5(3),
159-166.

19.1.2. Two-author manuscripts;

Soylemez, S., & Pakyurek, A. Y. (2017). Responses of rootstocks to nutrient induced high EC
levels on yield and fruit quality of grafted tomato cultivars in greenhouse conditions. Applied
Ecology and Environmental Research, 15(3), 759-770. DOI: http://dx.doi.org/10.15666/
aeer/1503_759770

19.1.3. Manuscripts with more than two authors;

ikinci, A., Mamay, M., Unlu, L., Bolat, I., & Ercisli, S. (2014). Determination of heat requirements
and effective heat summations of some pomegranate cultivars grown in Southern Anatolia.
Erwerbs-Obstbau, 56(4), 131-138. DOI: https://doi.org/10.1007/s10341-014-0220-8.

19.2. Referencing Books;

19.2.1. If the source is a book;
Mohsenin, N.N. (1970). Physical Properties of Plant and Animal Materials. New York: Gordon and
Breach Science Publishers.

19.2.2. If it is a chapter from the source book;
Author, A. A. (Year). Chaptertitle. In E. E. Editor (Ed.), Title of book: And subtitle (pp. pages). Place:
Publisher.

19.2.3. Edited book;
Yesilyaprak, B. (Ed.). (2003). Development and learning psychology. Ankara: Pegema Publishing.

19.3. Citing sources of unknown author or internet sources;

Anonymous (2005). Butter, other milk fat-based spreads and plain butter notification.
Turkish Food Codex, Communiqué No: 2005/19, Ankara.

FAO, (2015). Statistical data of FAO. Retrieved from: http://
faostat.fao.org/site/567/default.asp.

19.4. Citing Master's and Doctoral theses;

Doctorate or master theses can be accessed from electronic databases, corporate archives and
personal web pages. If a dissertation is accessed from the ProQuest database of doctoral and
master's theses or any other source, this information should be provided in the reference. For a
doctorate or master thesis available in a database service, the following citation format is used;

Unpublished thesis;

Mamay, M. (2013). Determination of population development and infestation ratio of carob
moth [Apomyelois ceratoniae Zell. (Lepidoptera:Pyralidae) in pomegranate orchards in
Sanliurfa province and using mating disruption



technique for its control (Unpublished doctoral dissertation). Harran University, Graduate
School, Sanhurfa.

Soylemez, S. (2014). Effects of nutrient induced salinity levels and rootstocks on plant growing,
yield and some fruit quality features at soilless grown grafted tomatoes (Unpublished doctoral
dissertation). Harran University, Graduate School, Sanhurfa.

Published thesis; May, B. (2007). A survey of radial velocities in the zodiacal dust cloud. Bristol,
UK: Canopus Publishing.

19.5. Citing Symposium and Meeting Papers

Mamay, M. (2017). Population density of overwintering larvae of Carob Moth [Apomyelois
(=Ectomyelois) ceratoniae Zell. (Lepidoptera: Pyralidae)] in pomegranate orchards in
Southeastern Anatolia. SEAB 2017. Proceedings of the 3rd International Symposium on
EuroAsian Biodiversity, (pp. 235), 05-08 July 2017, Minsk, Belarus.

Ikinci, A. & Mamay, M. (2017). Effects of fruit thinning on morphological, physico-chemical
properties, bioactive compounds, antioxidant activity and pest & disease control in
pomegranate fruit (Punica granatum L.) International Conference on Agriculture, Forest, Food
Sciences and Technologies, (pp. 642), 15-17 May 2017, Cappadocia, Turkey.

S6nmez, C., Mamay, M. & Soylemez, S. (2019). Determination of the effect of different
hydroponic culture and different NH4:NO3 ratio on the density of aphid [Aphis spp. (Hemiptera:
Aphididae)] population in greenhouse lettuce. 1st International Gobeklitepe Agriculture
Congress (IGAC-2019), (pp. 599-604), 25-27 November, Sanliurfa, Turkey.

Note: You can use the web pages related to APA Referencing Style on the internet.



Eserin Adr:

Yazar(lar);

TELIF HAKKI DEVIR SOZLESMESI

Harran Tarim ve Gida Bilimleri Dergisi Yayin Kurulu Baskanligina

a) Sunulan makalenin yazar(lar)in orijinal galismasi oldugunu;
b) Tum yazarlarin bu ¢alismaya bireysel olarak katilmis olduklarini ve bu ¢alisma icin her ttrli sorumlulugu aldiklarini;

c) Tum yazarlarin sunulan makalenin son halini gérduklerini ve onayladiklarini;

d) Makalenin baska bir yerde 6zet disinda basiimadigini veya basilmak igin sunulmadigini;
e) Makalede bulunan metnin, sekillerin ve dokiimanlarin bagkalarina ait Telif Haklarini ihlal etmedigini taahhtt ederler.

Bununla birlikte, yazarlarin veya varsa yazarlarin igvereninin;

a) Patent haklari;

b) Yazar(lar)in kitaplarinda veya diger ¢alismalarinda makalenin timinu Gcret 6demeksizin kullanma hakki;

c) Makaleyi satmamak kosuluyla kendi amaglari igin gogaltma hakki gibi fikri mulkiyet haklari saklidir.

d) Makalenin herhangi bir bolumunin baska bir yayinda kullanilmasina Harran Tarim ve Bilimleri Dergisi yayimci kurulus
olarak belirtiimesi ve Dergiye atifta bulunulmasi sartiyla izin verilir.

Ben / Biz, telif hakki ihlali nedeniyle lglincli sahislarca istenecek hak talebi veya agilacak davalarda Harran Tarim ve Gida
Bilimleri Dergisi Editérlerinin higbir sorumlulugunun olmadigini, tiim sorumlulugun yazarlara ait oldugunu, ayrica makalede
higbir sug unsuru veya kanuna aykiri ifade bulunmadigini, arastirma yapilirken kanuna aykiri herhangi bir malzeme ve yéntem
kullanilmadigini taahhiit ederim/ederiz.

1. Yazarin Bilgileri

Adi SOYADI

Kurum Adresi

ORCID Numarasi Tarih imza
2. Yazarin Bilgileri

Adi SOYADI

Kurum Adresi

ORCID Numarasi Tarih imza

Telif Hakki Devir Sozlesmesi tiim yazarlarca imzalandiktan sonra tek bir form olarak sisteme yiiklenmelidir)

Litfen arka sayfaya geginiz.
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