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ABSTRACT

Cotton is one of the most important industrial crops produced in large areas in Turkey.
Cotton bacterial blight disease agent Xanthomonas citri subsp. malvacearum (Syn.
Xanthomonas axonopodis pv. malvacearum) is a seed-borne pathogen. Plant essential
oils are natural antimicrobial compounds that have the potential to be used as an
alternative to chemical control of seed-borne phytopathogens. In this study, the
bacterial pathogen X. citri subsp. malvacearum was isolated from cotton plants
showing typical disease symptoms during the 2023 growing season in Diyarbakir
provinces and the antibacterial effect of essential oils obtained from 11 different
medicinal plants (Thymus serpyllum, Origanum syriacum, Thymus syriacus, Origanum
onites, Cistus laden, Salvia aramiensis, Laurus nobilis, Hypericum perforatum,
Rosmarinus officinalis, Origanum majorana and Thymbra spicata) were determined by
disk diffusion method. Bacterial isolates, obtained from cotton plants showing typical
disease symptoms, were identified as X. citri subsp. malvacearum by biochemical and
pathogenicity tests and also MALDI-TOF analysis. The essential oils used in the study
showed antibacterial activity against the bacterial agent by forming an inhibition zone
with a diameter of 6.33-46.33 mm in the nutrient media. T. serpyllum and T. spicata
(43.33 mm), O. syriacum (43.00 mm), T. syriacus (38.33 mm) and O. onites (37.3 mm),
were identified as the most effective essential oils respectively. The essential oils of H.
perforatum (9.67 mm), L. nobilis (9.0 mm) and S. aramiensis (6.33 mm) showed
relatively lower antibacterial activity against the disease agent. The results showed
that essential oils of Thymus spp., Thymbra spp. and Origanum spp. have the potential
to be used as an alternative to chemical control against seed-borne bacterial plant
pathogens.

Key Words: Cotton, bacterial blight, Xanthomonas, essential oil, antibacterial
0z

Pamuk Tirkiye’de genis alanlarda Uretimi yapilan énemli endustri bitkilerin basinda
gelir.  Pamuk bakteriyel yaniklik hastaligi etmeni Xanthomonas citri subsp.
malvacearum (Syn. Xanthomonas axonopodis pv. malvacearum) tohum kokenli bir
patojendir. Bitki ugcucu yaglari tohum koékenli fitopatojen tirlere karsi kimyasal
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miicadeleye alternatif olarak kullanim potansiyeline sahip dogal antimikrobiyal bilesiklerdir. Bu ¢alismada, Diyarbakir ilinde
2023 yetistirme sezonunda tipik hastalik belirtileri gosteren pamuk bitkilerinden X. citri subsp. malvacearum bakteriyel
etmenin izolasyonu, tanilanmasi ve 11 farkli tibbi bitkiden (Thymus serpyllum, Origanum syriacum, Thymus syriacus, Origanum
onites, Cistus laden, Salvia aramiensis, Laurus nobilis, Hypericum perforatum, Rosmarinus officinalis, Origanum majorana ve
Thymbra spicata) elde edilen ugucu yaglarin antibakteriyel etkisi disk diflizyon yontemi ile belirlenmistir. Tipik hastalik
belirtileri gbsteren pamuk bitkilerinden izole edilen izolatlar biyokimyasal ve patojenite testleri ve MALDI-TOF ile tir diizeyinde
X. citri subsp. malvacearum olarak tanilanmistir. Calismada kullanilan bitki ugucu yaglari besi yerinde 6.33-46.33 mm ¢apinda
engelleme zonu olusturmak suretiyle bakteriyel etmene karsi antibakteriyel etkinlik géstermistir. En etkili ugucun yaglar
sirasiyla T. serpyllum ve T. spicata (43.33 mm), O. syriacum (43.00 mm), T. syriacus (38.33 mm) ve O. onites (37.3 mm) olarak
belirlenmistir. H. perforatum (9.67 mm), L. nobilis (9.0 mm) ve S. aramiensis (6.33 mm) bitki ugucu yaglari hastalik etmene karsi
nispeten daha diisik oranlarda antibakteriyel etkinlik gostermistir. Elde edilen sonuglar Thymus spp., Thymbra spp. ve
Origanum spp.’'ye ait bitki ugucu yaglarinin tohum kokenli bitki patojeni bakteriyel hastalik etmenine karsi kimyasal

mucadeleye alternatif miicadele yontemi olarak uygulanma potansiyeline sahip oldugunu gostermistir.

Anahtar Kelimeler: Pamuk, bakteriyel yaniklik, Xanthomonas, ugucu yag, antibakteriyel

Introduction

Cotton (Gossypium hirsutum) is a significant

industrial crop cultivated in various regions
worldwide, contributing to substantial agricultural
and economic potential in its producing countries.
In Turkey, extensive cultivation of cotton plants in
the Aegean, Mediterranean, South-eastern, and
Eastern Anatolian regions is often plagued by
fungal and bacterial diseases, leading to
considerable losses in yield and quality. Bacterial
angular leaf spot and boll rot, caused by
Xanthomonas citri subsp. malvacearum (ex Smith)
Schaad et al. (formerly known as Xanthomonas
axonopodis pv. malvacearum) is one of the
prominent diseases that affect cotton plants
(Verma and Singh, 1974). The pathogen typically
spreads through infected seeds in cotton bolls,
giving rise to various disease symptoms in the
affected plants, including seedling blight, angular
leaf spots, vein necrosis, black arm, and boll rot
(Hillocks, 1981; Shenge 2001; Delannoy et al.,

2005; Anmod et al., 2022). The manifestation of

disease symptoms leads to a reduction in
chlorophyll content in leaves and stems,
ultimately causing significant damage to

photosynthetic activity, yield, and fibre quality
(Meshram and Raj, 1988). Yield losses in cotton
were previously reported to range from 10% to
30%, reaching 50% or more in cotton grown in
Africa or Asia (Verma, 1986; Thaxton and El-Zik,
2001; Mishra and Krishna, 2001; Delannoy et al.,
2005; Raghavendra et al., 2009). While losses are
less pronounced when disease symptoms are

181

confined to leaves, they can escalate to 90%
when stem lesions develop (Singh et al., 2007).
Under field conditions, bacterial blight can cause
yield losses up to 50% (Watkins, 1981).

The bacterial blight disease caused by X. citri
subsp. malvacearum has increasingly become a
global impediment to cotton production. The
most effective control approach against this
disease is generally acknowledged to be the
utilization of resistant cotton varieties.
Geographical origins of cotton species exhibit
variations in susceptibility to X. citri subsp.
malvacearum, ranging from highly susceptible to
highly resistant. It has been reported that
resistance in cotton plants against X. citri subsp.
malvacearum, with its broad host range, can be
rapidly overcome (Verma, 1986; Wallace and El
Zik, 1990; Hillocks, 1992; Shelke et al.,, 2012).
Hunter et al. (1968) identified 19 physiological
races of the pathogen using ten different cotton
varieties, while Verma and Singh (1974) expanded
this number to 32 races using only seven cotton
varieties. The distribution of races varies from
2011).
Different races of the pathogen (such as races 1,
2,5,6,8,12, 13, 16, and 18) have been reported

to cause diseases

country to country (Oliveira et al.,

in various cotton varieties
grown in Australia, India, the United States,
Nigeria, Zimbabwe, Africa, and Nicaragua (Ajene
et al.,, 2014; Anmod et al., 2022). In addition to
the six previously identified races (race 1, 2, 8, 21,
26, and 32) on different cotton varieties grown in
Syria, four new races (race 3, 4, 11, 28) have been
described (Abdo-Hasan, 2008). Epidemiological
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studies conducted in Africa and other regions of
the world have reported that some highly virulent
(HV)
resistance in cotton varieties (El-Zik and Thaxton,

races of the pathogen can overcome

1994). Regarding the presence of the pathogen,
limited studies have been conducted in Turkey on
race characteristics, and the reactions of cotton
varieties to the pathogen (Tirkmenoglu, 1969;
Zachowski et al., 1989). The disease has recently
re-emerged in the cotton cultivation areas in the
South-eastern Anatolian Region of Turkey.

The utilization of resistant varieties against
pathogens
friendly,

seed-borne bacterial presents a

practical, environmentally and
economical solution. However, there is a lack of
highly resistant cotton varieties with high vyield
against cotton bacterial blight disease (Khan,
1996; Mondal et al.,, 2001). The most common
method in combating plant diseases involves the
use of chemical pesticides (Burr, 2001). In the
control of cotton bacterial blight disease, some
countries widely employ fungicides such as
copper, Dithane M-45, and sulphur. However, it
has been reported that systemic infection by the
seed-borne pathogen does not yield the expected
2017). The extended

utilization of chemical pesticides may culminate in

success (Sarker et al.,

the attainment of effectiveness thresholds for

these products, thereby vyielding inadequate
improvements in crop yield. Additionally, the over
application of chemical pesticides can engender
adverse, and frequently irreversible, alterations in
agricultural ecosystems. (Zenelt et al.,, 2021). In
the current era of heightened awareness of
sustainability and the realization that soil is not an
unlimited production resource, the adoption of
good agricultural practices minimizing chemical
use has become crucial (Eryilmaz et al., 2019). In
this context, the use of volatile oils and extracts
obtained from plants, which are naturally present,
do not pose a risk of spreading toxic substances,
rapidly decompose without causing
environmental pollution, and do not carry residue
risks, is seen as a promising alternative in the fight
against plant diseases (Raghavendra et al., 2009;

Sertkaya et al., 2010; Mbega et al., 2012; Atay and

182

Soylu, 2022; Atay and Soylu, 2023).

The antibacterial potentials of essential oils of
medicinal plant species, which belong to Thymus,
Mentha, Achilla, Artemisia, and Salvia genus,
were previously reported to poses against certain
phytopathogenic  bacterial disease  agents
2003; Soylu et al.,, 2009;
Mengulluoglu and Soylu, 2012; Kiiclikbay et al.,
2014; Unli and Elgi, 2019; Bozkurt et al., 2020;
Ghavam et al., 2020; D6nmez et al., 2020; Orzali
et al., 2020; Temtek, 2021). Among the plants

used in antimicrobial studies, Thyme species

(Daferera et al.,

stand out with their widespread distribution,
health-related
properties. The antimicrobial activities of plant

economic  significance, and
extracts and volatile oils from these species are
economically important and play a crucial role in
disease control methods against important
disease agents (Regnault-Roger et al., 2004,
Pavela, 2006; Tirkmen et al., 2022). Literature
reviews have indicated that very few studies were
conducted on the antibacterial activity of plant
essential oils and extracts against the cotton
bacterial blight disease agent (Kizil et al., 2005;
Nagvi et al., 2022).

In this study, the essential oils of different
(Thymus serpyllum, Origanum

plant species

syriacum, Thymus syriacus, Origanum onites,
Cistus laden, Salvia aramiensis, Laurus nobilis,
Hypericum perforatum, Rosmarinus officinalis,
Origanum majorana, and Thymbra spicata) were
investigated for their antibacterial effects against
the seed-borne plant pathogen Xanthomonas citri

subsp. malvacearum.

Materials and Methods

Isolation and identification of the bacterial
pathogen

The bacterial pathogen responsible for the
disease was isolated from the leaves and
unopened cotton bolls exhibiting typical disease
symptoms, sent for diagnosis from Bismil district
of Diyarbakir province to the Bacteriology
Laboratory of the Department of Plant Protection
at Mustafa Kemal of

University, Faculty
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Agriculture, Hatay (Figure 1). Visibly water-soaked

lesion bearing green leaves were initially
subjected to surface disinfection with 5% sodium
hypochlorite for 2-3 minutes, followed by three
with After
disinfection, the tissues were macerated in sterile
50 mM MgCl; solution for 30 minutes and then
spread onto King B (KB) Agar medium. The petri

dishes were incubated at 28°C for 2 days.

rinses sterile  water. surface

Bacterial isolates were also obtained directly from
the water-soaked lesions on bolls, after surface
disinfection with 70% ethanol, using the tissue
imprinting method on King B (KB) agar medium
(Aktan and Soylu, 2020). Pure isolates were
obtained by transferring bacterial isolates from
typical yellow colonies grown on KB agar to fresh
KB After applying
biochemical tests (gram staining, oxidase test,

agar plates. classical

motility, sporulation, pectolytic activity, gelatine

P
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liguefaction, KOH test, catalase tests, etc.), the
species identification of the isolates was
confirmed using MALDI-TOF MS (Bruker Daltonics
GmbH, Bremen, Germany) methods (Lelliot and
Stead, 1987; Schaad et al., 2001; Aktan and Soylu,
2020). The
suspension of obtained isolates was adjusted to

concentration of the bacterial
10° cfu ml! by dilution, and pathogenicity tests
were conducted on cotyledon leaves of three-
week-old healthy cotton seedlings, including
hypersensitive reaction (HR) tests on tobacco
leaves. As a control, the cotyledon leaves of
healthy seedlings were treated with sterile water.
Inoculated plants were covered with transparent
bags for 1 day in growth chambers at 26°C with
high relative humidity, and then the covers were
opened, and disease symptoms were daily

monitored for 5 days.

Figure 1. Typical symptoms (arrow) of Xanthomonas citri subsp. malvacearum on cotton leaf (A,B)
and boll (C,D)
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Determination of the antibacterial activity of
essential oils

The essential oils used in this study were
obtained from existing essential oil stocks with
previously demonstrated antimicrobial efficacy
against various plant pathogenic bacteria and
fungal agents in the Phytopathology Laboratory of
the Department of Plant Protection at Mustafa
Kemal University Faculty of Agriculture. The
antibacterial effect of the essential oils used in
the study was assessed using the disk diffusion
2022).

suspension of the virulent bacterial

method (Soylu et al., A bacterial

isolate,
prepared in sterile water with a concentration of
ODe620=0.12, was spread on King B (KB) agar

medium using a spreader at a concentration of
10% cells/mL. Subsequently, sterile antimicrobial
sensitivity test disks (6 mm diameter) were placed
at the centre of each petri dish, and 5 pl of
essential oil was added to each disk. To prevent
the evaporation of essential oils from the edges of
petri dishes, dishes were wrapped with double-
layered Parafilm, followed by incubation at 26°C
for 2 days. Control plates were prepared using
disks with sterile distilled water (Bozkurt et al.,
2020). The antibacterial effect of the essential oils
was evaluated by measuring the diameters of the
inhibition zones formed beneath and around the
disks after the removal of the disks (Figure 2).

Figure 2. (A) Inhibitory effect of Thymus serpyllum essential oil, the most effective of the
essential oils tested, on the growth of Xanthomonas citri subsp. malvacearum. The
transparent inhibition zone (arrow) around the antimicrobial susceptibility test disk
containing 5 pl of the essential oil is clearly visible. (B) Indicates the absence of any
inhibition zone around the disk containing sterile medium.

Statistical analysis

In vitro antibacterial efficacy experiments were
conducted for each essential oil according to a
Randomized Complete Block Design in at least
three different petri dishes, and the trial was
repeated at two distinct time points. The values
obtained in the experiments were subjected to
analysis of variance (ANOVA) using the SPSS
statistical program (SPSS Statistics 17.0). The
differences between applications were compared
using the Duncan Multiple Comparison Test
(P<0.05).
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Results and Discussions

Isolation and identification of the pathogen

The causal agent of the disease was isolated
from diseased plants sent for diagnosis by cotton
growers in Bismil district of Diyarbakir province in
September 2023 to the Department of Plant
Protection, Faculty of Agriculture, Hatay Mustafa
Kemal University (Figure 1). Isolates, exhibiting
clear sharply defined,

yellow-coloured, non-
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fluorescent colonies on King B medium, were
purified from these colonies. Biochemical tests
confirmed the isolates as gram-negative with
positive reactions in starch hydrolysis (pectolytic

activity), catalase, oxidase, and gelatine
liguefaction tests. All representative isolates
demonstrated an extreme hypersensitivity

reaction (HR) in the form of tissue collapse 48

hours post-inoculation on tobacco leaves.
Sprayed cotton cotyledon leaves showed water-
soaked symptoms with a diameter of 2-4 mm five
days after inoculation. The results of biochemical
and pathogenic tests for the pathogen were
consistent with previous study findings (Schaad et
al., 2001).

Recent advancements in bacterial diagnostics

have seen the increasing use of MALDI-TOF MS, a

Analyte Name: El
Analyte Description:
Analvte ID: YY

Analyvte Creation Date/Time:
Applied MSP Library(ies):
Applied Taxonomy Tree:

next-generation method, as an alternative to
chromatographic and DNA-based molecular
methods for identification of plant pathogenic
bacterial and fungal disease agents (Pulcrano et
al., 2012; Uysal et al.,, 2019; Aktan and Soylu,
2020; Bozkurt et al., 2020; Soylu et al., 2023). The
diagnostic results obtained through biochemical
tests were also confirmed by MALDI-TOF MS,
which has become a widely adopted method in
recent years. The bacterium isolates obtained
from infected cotton leaves and bolls, as well as
those from pathogenicity tests, exhibited high
similarity index values, matching reference
isolates in the MALDI-TOF database such as X. citri
pv. malvacearum DSM 3489, 1220, and X.
axonopodis pv. malvacearum CFBP-2530 with
values ranging from 2.066 to 2.175 (Figure 3).

2023-09-08T03:48:21.142

Projects. Bruker Taxonomy. Taxonomy

Rank Score NCBI
(Quality) Matched Lattern Value | Identifier

¢ _‘L_ ) Xanthomonas citri pv malvacearum DSM 3849 DSM 2.,'].75 346

e 2 , Xanthomonas citri pv malvacearum DSM 1220 DSM 2149 346

( _3’_ ) CFBP-2530_Xanthomonas axonopodis pv. malvacearum 20160825 [ 2.066 | 100134258

Figure 3. MALDI-TOF identification result of X. citri subsp. malvacearum MKUBK-Xcm YY isolate obtained from

cotton bolls showing typical disease symptoms and used in pathogenicity test

Antibacterial activity of different plant essential
oils against Xanthomonas citri pv. malvacearum
The antibacterial activities of essential oils
were investigated by measuring the diameters of
inhibition zones formed around the disks (Figure
2). The results obtained are presented in Table 1.
Significant differences in the antibacterial effects
of essential oils obtained from different plants
against the bacterial isolate.
Essential oils from Thymus, Thymbra, and
Origanum spp exhibited higher antibacterial

activity compared to other essential oils used in
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the experiment (Table 1). In vitro studies
demonstrated that T. serpyllum (43.33 mm), T.
spicata (43.33 mm), and O. syriacum (43.0 mm)
exhibited the highest antibacterial activity against
X. citri pv. malvacearum, and due to the similarity
in their antibacterial effects, these oils were
appeared in the same statistical group. These
essential oils were followed by T. syriacus (38.33
mm) and O. onites (37.33 mm). The lowest
antibacterial activities were displayed by the
essential oils of S. aramiensis (6.33 mm) and L.

nobilis (9.00 mm) (Table 1).
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Table 1. Antibacterial activity® of plant essential oils on the development of the bacterial blight disease agent Xanthomonas

citri subsp. malvacearum

Plant essential oils
Bitki Ugucu Yaglar

Diameter of inhibition zones (mm)
Engelleme zon ¢apilari (mm)

Thymus serpyllum
Thymbra spicata
Origanum syriacum
Thymus syriacus
Origanum onites
Rosmarinus officinalis
Origanum majorana
Cistus laden
Hypericum perforatum
Laurus nobilis

Salvia aramiensis
Kontrol

43.33 (+1.02)f
43.33 (+0.88)f
43.0 (+2.08)f
38.33 (+2.02)¢
37.33 (+1.20)¢
14.67 (+0.33)¢
14.67 (+0.33)¢
11.67 (+0.33)«
9.67 (+0.33)°
9.0 (+0.57)"¢
6.33 (£0.33)°
0.0°

@ The obtained values represent the average diameter of bacterial zones (mm) measured in three different petri dishes.
Similar lowercase letters next to the mean values within the column indicate that there is no statistically significant
difference between the essential oils (Duncan's Multiple Range Test, P < 0.05).

The findings of this study clearly demonstrate
the potential use of plant essential oils as
antibacterial compounds against the seed borne
pathogen causing leaf and boll blight in cotton.
While the antibacterial effects of essential oils
have been extensively researched against
microorganisms causing issues in human and food
contexts, limited number of studies exist in the
the

activities of plant extracts and

literature regarding determination of
antibacterial
essential oils against plant pathogenic bacterial
disease agents. Thymbra spicata var. spicata
essential oil has been investigated for its
antibacterial effects on economically important
plant pathogenic bacteria (Basim et al., 2000). The
antibacterial effects of the essential oil obtained
from various plant species of Lamicaeae family
(such as Ocimum cillatum, Lippia gracilis and
those obtained from interspecific hybrids) were
also evaluated against different plant bacterial
disease  agents belonging to  Ralstonia,
Pseudomonas, Xanthomonas, Brenneria, Pantoea,
Agrobacterium and Rhodococcus genus
(Moghaddam et al., 2014; Schollenberger et al.,

2018; da Silva et al., 2019).
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In contrast to numerous studies investigating
the antibacterial activity of essential oils against
different Xanthomonas spp., there is a limited
number of studies focusing on X. citri subsp.
malvacearum, the causal agent of cotton bacterial
blight disease. Previous research by Kizil et al.
(2005) reported the ineffectiveness of essential
dill
(Foeniculum

oils from cumin
(Anethum

vulgare), spearmint (Mentha spicata), and anise

(Cuminum cyminum),

graveolens), fennel

(Pimpinella  anisum) against  Xanthomonas
campestris pv. malvacearum. They found that
coriander (Coriandrum sativum) and hyssop
(Hyssopus officinalis) essential oils were effective
against the pathogen. Kizil and Uyar (2006)
indicated that essential oils from Thymbra
spicata, Satureja hortensis, Origanum onites, and
Thymus kotschyanus had lower effectiveness
against X. campestris pv. malvacearum compared
to other tested plant pathogenic species. Shirsat
(2008) reported that extracts from Terminalia
and fruits exhibited a high

against X. pv.

thorelii leaves

inhibition zone axanopodis
malvacearum isolated from cotton plants.

A recent study by Mangalagiri et al. (2021)
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investigated the antibacterial activity of essential

oils from various plant species, including
Cymbopogon flexuosus, C. martini, Eucalyptus
citridora, Tagetus minuta, Pelargonium sp., C.
winterianus, and Mentha arvensis, against X. citri
subsp. malvacearum. The results indicated
varying levels of antibacterial efficacy among the
tested essential oils, with Cymbopogon flexuosus,
C. martini, and Eucalyptus citridora showing
particularly high antibacterial activity. Similarly,
Naqvi et al. (2022) investigated the antibacterial
properties of essential oils from different plant
species, such as Syzygium aromaticum, Curcuma
longa,

Mangifera indica, Mentha piperita, Aloe vera,

Moringa oleifera, Azadirachta indica,

Syzygium cumini, Citrus limon, and Prosopis
juliflora, against X. citri subsp. malvacearum.
Among the tested essential oils, Mentha piperita,
Syzygium cumini, Citrus limon, Moringa oleifera,
and Syzygium aromaticum were identified as the
most effective essential oil bearing plants,
forming inhibition zones ranging from 8.41 to
8.58 mm.

The essential oils used in this study from
Origanum, Thymbra, and Thymus plant species
were previously determined to contain high levels
of carvacrol, thymol, and y-terpinene (Bozkurt et
al., 2020; Kara et al., 2022). Previous studies
that their

components trigger rapid cell breakdown

showed these oils and main

in
fungal and bacterial pathogens (da Silva et al.,
2019; Liu et al., 2019; Churklam et al.,, 2020;
Kachur and Suntres, 2020). Antibacterial efficacies
of plant extracts and essential oils from savory
(Satureja hortensis), thyme (Thymus spicigera),
oregano (Origanum onites), and round-leaved
oregano  (Origanum  rotundifolium)  were
investigated against Xanthomonas axonopodis pv.
vesicatoria. Essential oils exhibited greater
antibacterial activity compared to plant extracts
(Dadasoglu et al., 2016).

Furthermore, antibacterial activity of essential
oils of Helichrysum italicum, Inula graveolens,
Cistus creticus, Echinacea purpurea, and
Hypericum perforatum were tested against potato
soft disease Pectobacterium

rot agent
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carotovorum subsp. carotovorum and halo blight
of beans disease agent Pseudomonas syringae pv.
phaseolicola (Gumis et al.,, 2022). Amongst the
tested essential oils, Hypericum perforatum
the  highest

carotovorum

essential oil demonstrated

antibacterial activity against P.
subsp. carotovorum in comparison to P. syringae
pv. phaseolicola.

In a study conducted in Sudan, the inhibitory
effects of chitosan compounds at various
concentrations (1, 3, 5, and 10 mg/ml), antagonist
bacterial isolate Paenibacillus spp., and water
extracts and oils from the barks of certain plants
(Syzygium aromaticum, Nigella sativa, Trigonella
foenum graecum, and Allium sativum) and camel
urine were evaluated for their effectiveness in
inhibiting the in vitro growth of X. axonopodis pv.
malvacearum. All tested chitosan concentrations,
except 1 mg/ml, exhibited inhibitory effects
against bacteria. Chitosan at 10 mg/ml showed
the highest inhibitory effectiveness with a 14 mm
inhibition zone, followed by 5 mg/ml and 3
mg/ml, which produced 12 mm and 11 mm

inhibition zones, respectively.

Conclusions

This study focuses on isolating and identifying
the blight
Xanthomonas citri subsp. malvacearum, while

cotton bacterial disease agent,

also exploring the antibacterial activities of
various plant essential oils. The investigation aims
to contribute to the understanding of potential
botanical agents against bacterial pathogens,
thereby offering insights into novel strategies for
disease  management in  agriculture. In
consideration of the absence of cotton varieties
resistant to bacterial blight disease, the potential
use of plant essential oils exhibiting antibacterial
activity against Xanthomonas citri  subsp.
malvacearum becomes particularly intriguing. The
results obtained from this study demonstrate the
antibacterial potential of essential oils derived
from plants such as Thymus spp., Thymbra spp.,
spp.

malvacearum. This study contributes to the

and Origanum against X. citri subsp.

growing body of research on the antibacterial
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activity of plant essential oils against
Xanthomonas citri subsp. malvacearum, providing
valuable insights into potential alternatives for
the control of cotton bacterial blight disease.
These findings open avenues for further research
on the development of sustainable and
environmentally friendly strategies for managing
bacterial diseases in agriculture. However, for a
more comprehensive understanding of the
antibacterial effects of essential oils under in vivo
conditions and their economic feasibility, further

detailed investigations are warranted in future

studies. This highlights the significance of
exploring the in vivo antibacterial efficacy of these
essential oils and assessing their economic
viability.
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(2024). New approaches to the in Europe. In this study, new control methods were tried to control N. sertifer. The
control of Neodiprion sertifer

effectiveness of Bauveria bassiana (Nostalgist, Bb %1.5 1 x 10 8 kob /ml min, 250
(Geoffroy, 1785) (Hymenoptera:

o ml/100L), azadirachtin (Nimbecidine, 0.3g azadirachtin/I, 500 ml/da-100L; Nimiks4.5, 40g
Diprionidae). Harran Tarim ve . . . .
Gida Bilimleri Dergisi, 28(2): 192- azadirachtin /I, 200 ml/100L; Neem Azal ®-T/S, 10 g azadirachtin /I, 300ml/100L) and
200 spinosad (Oread, 480 g spinosad/l, 10ml/100L) was tested on N. sertifer larvae. In
addition, the effect of the idiobiont parasitoid Bracon hebetor (Say) (Hymenoptera:
DOI: 10.29050/harranziraat. 1407990 Braconidae) venom was evaluated. Bauveria bassiana, spinosad and azadirachtin were
applied to the larvae by spraying method. Different numbers of B. hebetor females (1-5
females) were also tested on N. sertifer larvae. All experiments were carried out at 25 +
1°C, 60-70% relative humidity and 16L:8D h photoperiod. After B. bassiana application,

the survival rates were 71.66% and 61.66% at the 6th day and 7th day. The maximum
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and 7 days duration. The study shows that spinosad, azadirachtin and B. hebetor female
venom can achieve effective control of N. sertifer larvae.

Key Words: Neodiprion sertifer, Bauveria bassiana, spinosad, azadirachtin,
Bracon hebetor venom
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bulunmustur. Azadirachtinde maksimum etkinlik Nimiks 4.5 (40 g azadirachtin/l)‘de elde edilmistir. En ytiksek 6liim orani (%100)
spinosad (10ml/100l) uygulamasindan 24 saat sonra bulunmustur. B. hebetor disi venomunun N. sertifer larvalari Gizerinde en
etkili oldugu kombinasyon 5 disi ve 7 gln siiredir. Bu ¢alisma spinosad, azadirachtin ve B. hebetor disi venomunun N. sertifer

larvalari Gzerinde etkili bir kontrol saglayabilecegini géstermistir.

Anahtar Kelimeler: Neodiprion sertifer, Bauveria bassiana, spinosad, azadirachtin, Bracon hebetor venom.

Introduction

Neodiprion sertifer (Geoffroy) (Hymenoptera:
Diprionidae) is a European diprionid species
which is the most widely distributed in the world.
It was recorded in New Jersey, USA in 1925 and in
Ontario, Canada in 1939 (Lyons, 1964; Pschorn-
Walcher, 1965; 1982, Griffiths et al., 1984). The
larval stage feeds on the needles of pines such as
Pinus banksiana (jack pine), Pinus sylvestris (Scots
pine), Pinus cembra (Arolla pine), Pinus contorta
(lodgepole pine) and Pinus densiflora (Japanese
umbrella pine) (Bas, 1973; Tosun, 1975; Simsek &
Kondur, 2006; Aksu, 2010). Neodiprion sertifer
can reach epidemic population levels in pine
forests (Larsson & Tenow, 1984; Virtanen et al.,
1996; Lyytikainen-Saarenmaa & Tomppo, 2002).

Chemical insecticides have long been used for
controlling N. sertifer population. However, they
cause a many negative health and environmental
(Yaman et al.,2001).
environmentally friendly control methods against

problems The use of
N. sertifer have been started many years ago. It
was first described by Escherich (1913) as natural
nucleopolyhedrosis virus (NPV) (Baculovirus) that
reduces N. sertifer populations. Cunningham &
(1981)
spreads rapidly in N. sertifer population via

Entwistle noted that virus infection
defecation of larvae. Nevertheless, due to the
virus activity, the population of N. sertifer was
decreased very rapidly. Goktirk &Tozlu (2019)
applied different doses of Bacillus thuringiensis
subsp. kurstaki ABTS-35 and Natural-Pyrethrum
(obtained from Chrysanthemum cinerariaefolium)
to Diprion pini L. (Hymenoptera: Diprionidae) and
N. sertifer larvae. Dipel (Bt) 500g/100 | dose was
found to be the most effective dose on N. sertifer.
However, it has been reported that a dose of 600
ml of Spruzit Neu (Pyretrum) has a significant
effect on N. sertifer larvae.

Azadirachtin is a tetranortriterpenoid obtained
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from the seed of neem tree [Azadirachta indica A.
Juss (Meliaceae)], is very known commercialized
biopesticide and the most successful botanical
pesticide that is used against agricultural pests in
the
programmes. Azadirachtin has an antifeeding,

scope of Integrated Pest Managment

repellent, adult sterility and insect growth
regulator effect on the pest. However, it is
considered that it has low residual effect and low
side-effect on biocontrol agents, predators, and
parasitoids (Tunca et al., 2012; Biondi et al., 2013;
Abedi et al.,, 2014, Cura et al., 2019; Kilani-
Morakchi et al., 2021).

Beauveria bassiana was first obtained from
silkworm cadavers, and it is effective on more
than 200 insects (Nakahara et al.,, 2009). B.
bassiana produces numerous toxins (beauvericin,
bassianin, bassianolide, beauverolides, tenellin,
oosporein, oxalic acid, calcium oxalate crystals,
and many beauvericin analogs) that cause
infection in insects (Chelico &Khachatourians,
2008; Naggash et al., 2016; Wang et al., 2021).

Spinosad is a nerotoxic (effective on the
nervous system) insecticide. Saccharopolyspora
spinosa, an actinomycete bacterium of soil origin,
naturally produces metabolites of Spinosyn A
(85%, C42H67NO16) and Spinosyn D (15%,
C41H65NO16) as a result of fermentation under
airless conditions. Spinosad has demonstrated
high levels of efficacy against lepidopteran larvae,
as well as some Diptera, Coleoptera,
Thysanoptera, and Hymenoptera, has a range of
effects on insects including as a contact, stomach
poison effect, repellent, antifeedant, and growth
and mating inhibitor (Anastas et al., 1999;
Copping & Menn, 2000; Cisneros et al., 2002;
Williams et al., 2003; Mayes et al., 2003; Isman,
2006; Matthews, 2006; Joseph, 2020).
hebetor

a

Bracon (Hymenoptera:
idiobiont

larvae of several

Say

Braconidae) is gregarious,

ectoparasitoid that attacks
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species of Lepidoptera (Brower et al., 1996;
Hagstrum & Smith, 1997). Bracon hebetor females
paralyze their host before oviposition and then
may deposit a different number of eggs near or
on the paralyzed hosts. Meanwhile, female
parasitoid caused irreversible paralysis of the host
insects. (Ghimire, 2008). There have been no
studies on the effects of azadirachtin, B. bassiana,
spinosad and B. hebetor venom on the N. sertifer.
The objective of this study was to evaluate their

potential efficacy for future IPM program options.

Materials and methods

Insect

Third instar larvae of Neodiprion sertifer were
collected from Konya-Huyuk provence
(37.93023°Lat, 31.71091°Long) and transferred to
the laboratory. Larvae were reared to the insect
rearing box (25 x 35 x 17 cm) with fresh black pine
needles and placed in the climate room (25 + 1°C,
RH 65+ 5%and L:D 16 : 8 h photoperiod).

Insecticides
In our study, three biorational insectides,

Beauveria bassiana (Nostalgist, Bb %1.5 1 x 10 8
kob /ml min, application of dose is 250 ml/100L),
azadirachtin (Nimbecidine, 0.3g azadirachtin/I,
application of dose is 500 ml/da-100L; Nimiks4.5,
40g azadirachtin /I, application of dose is 200
ml/100L; Neem Azal ®-T/S, 10 g azadirachtin /I,
application of dose is 300ml/100L) and spinosad
(Oread, 480 gspinosad /I, application of dose is
10ml/100L) were used. However, 1-5 females of
B. hebetor were used to test the efficacy of B.
hebetor’'s venom.
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Bioassays

For this purpose, one third instar larvae were
placed in petri dishes (6.5 cm) with blotting
paper. Application doses of each insecticide were
applied to 20 third instar larvae using the hand
spray bottle. After treatment, the larvae were
placed to the climate room (25 + 1°C, RH 65 + 5%
and L: D 16: 8 h photoperiod) and provided with
black pine needles. Each treatment was carried
out in triplicate with 20 larvae. A total of 60 larvae
were used for one application. 660 larvae were
used for 11 treatments, including control. The
alive larvae were checked daily during 7 days.

Statistical analyses
Survival data was calculated as a percentage
normalized arcsine
(p’= 1999).
Transformed data were analysed using ANOVA

and were using an

transformation arcsine Vp, Zar,
(a=0.05) and Tukey’s mean separation (a=0.05).
Statistical

MINITAB computer software Release 17.

analyses were carried out using

Results and Discussion

All biorational insecticides had adverse effects
on N. sertifer at different incubation period after
the treatment in this assay (Table- 1) (df=76;
F=71.65; P<0.05). Oread (Spinosad) induced 100%
mortality and it was significantly greater than all
other treatments (Fig. 1). The highest mortalities
of this pest were obtained with Nimiks (40 g
azadirachtin /I). The mortality rate increased with
the increase of incubation period (Figure 1). The
survival rates of N. sertifer larvae were found
63.33 %, 78.33 %, 90.00 % at seventh day, in
Nimiks, Neem Azal (10g azadirachtin /I) and
Nimbecidine (0.3g azadirachtin/l), respectively.
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Table 1. Survival rate (%) caused by different treatments to third instar Neodiprion sertifer larvae after 1-7 day incubation at

25%1°C.
Days
Treatments 1 2 3 4 5 6 7
Nostalgist 250 ml/100I 100A 100A 91.67AB 86.67BC 85BC 71.67DE 61.66EF
Nimbecidineb500ml/100! | 100A 100A 98.33A 95AB 95AB 91.66AB 90 ABC
Nimiks 200 ml/100l 91.67A 86.67 BC 85.00BC 80CD 80CD 70DE 63.33EF
Neem Azal 300ml/100I 100A 96.67 AB 93.33AB 91.66AB 88.33BC 85 BC 78.33D
Oread 10 ml /100l 0 0 0 0 0 0 0
Bracon hebetor (1 disi) 96.67AB 93.33 AB 88.33BC 88.33 BC 86.66BC 86.67 BC 83.33BC
Bracon hebetor (2 disi) 93.33AB 88.33 BC 88.33BC 88.33 BC 88.33 BC 83.33BC 78.33D
Bracon hebetor (3 disi) 80CD 73.33DE 71.67DE 66.67 EF 65EF 63.33EF 58.33FG
Bracon hebetor (4 disi) 53.33FG 48.33GH 46.67GH 38.33HI 36.67HI 33.33 1 33.331
Bracon hebetor (5 disi) 30U 23.33JK 18.33KL 13.33KL 11.66KL 10L 8.33L
Control 100A 100A 100A 100A 95AB 95AB 95AB
*Means followed by a different uppercase letter are significantly different (P< 0.05, ANOVA, Tukey).
100 1
10
@0&(}

1
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Figure 1. Percent mortality of Neodiprion sertifer larvae at different treatmentsand at 1, 2,3,4,5,6 and 7

days interval.

The mortality induced by the B. bassiana after
144 h of incubation. The highest mortality level
(38.34%) for the N. sertifer larvae was recorded
after 7 days with treatment of B. bassiana (Figure
1). Bracon hebetor venom had a strong effect on
the survival of larvae of N. serifer (Table 1). The
mortality rate was found significantly higher with
increased of the incubation period and the

number of females. Mortality rates increased
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with the treatment of 4 and 5 females (Figure 1).
After Oread, B. hebetor's venom has been found
to be most effective treatment for N. sertifer.
However, mortality rate never exceeded 5% in
the control (Figure 1).

“third-
risk

Biorational insecticides known as

generation insecticides” or “reduced-

insecticides” are derived from natural compounds
no side effects on the

and have low or
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environment or beneficial organisms (Hara, 2000;
Horowitz & Ishaaya, 2004; Kapoor & Sharma,
2020). Studies on the impact of biorational
insecticides on the N. sertifer are limited to
baculovirus and pyrethrum (Cunningham &
Entwistle, 1981; Podgwaite et al., 1984, Yaman et
al., 2001; Goktiurk &Tozlu, 2019). In this study, the
most effective result was obtained with spinosad
among the tested insecticides. All larvae were
dead within the first 24 hours (Table 1, Figure 1).
Spinosad treatments were also toxic to Mamestra
configurata Walker (Lepidoptera: Noctuidae),
Phyllotreta  cruciferae  Goeze (Coleoptera:
Chrysomelidae) (Elliot et al., 2007). Kowalska
(2008) noted that all concentrations of spinosad
(0.2%, 0.1% and 0.05%) caused mortality both
(Say)
Chrysomelidae) adults and larvae depending on
the temperature. Maral (2021) reported that, the
highest mortality rate of Stefanitis pyri (Fabricius)

Leptinotarsa decemlineata (Coleoptera:

(Heteroptera: Tingidae) adults was found in
spinosad after that azadirachtin and kaolin.

In this study, the effect of azadirachtin varied
depending on the rate of active substance, dose
Nimiks (40 g

azadirachtin/l) was also found to be the more

and incubation  period.

effective than the other azadirachtin insecticides
(Table 1). It can be preferred in the control of N.
sertifer. Kraiss & Cullen (2008) noted that two
neem insecticides (neem seed oil and
azadirachtin) were effective in causing nymphal
Aphis

(Heteroptera: Aphididae) (77% by neem oil and

mortality of glycines  (Matsumura)

80% by azadirachtin). Neem oil formulation also

presented significant efficacy on Idioscopus
clypealis (Lethierry,) (Hemiptera: Cicadellidae), a

mango pest (Adnan et al., 2014). Lin et al. (2021)

noted that azadirachtin was effective on
Spodoptera litura (Fabricius)
(Lepidoptera:Noctuidae) and  Rhopalosiphum

maidis (Fitch) (Heteroptera: Aphididae).
Beauveria bassiana studied
B.

bassiana was applied for the first time against N.

is the most

biorational insecticides. Like azadirachtin,

sertifer. The highest mortality was obtained on
the 7th day (38.34 %) (Table 1, Figure 1). A high
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case mortality rate was not observed in N. sertifer
Studies
especially on the order Lepidoptera. Wraight et al.
(2010) reported that Obstrinia nubilalis (Hiibner)
(Pyralidae), Helicoverpa zea (Boddie) (Noctuidae)

larvae. on Beauveria have focused

and Spodoptera frugiperda (Smith) (Noctuidae)
(Lepidoptera) are highly susceptible of B. bassiana
strains. Mortality of Galleria mellonella (L.)
(Lepidoptera: Pyralidae) was %0, %8 and %10 at
24, 72 and 120 h, respectively (Tungsoy et al.,
2020). Gao et al. (2022) reported that B. bassiana-
PfBb can be used as a bio-insecticide to control
young larvae of S. frugiperda. B. bassiana
(BMAUM-M6-4) isolate was caused significant
infection in early and late instar larvae of pine
processionary (Gok et al., 2018). In another study,
it was determined that nymphs and adults of
Palomena prasina L. (Heteroptera: Pentatomidae)
were susceptible to B. bassiana (Yigit and
Saruhan, 2022). Besides, side effect studies were
the
Hymenoptera order, such as Encarsia formosa

mostly conducted on parasitoids in

(Gahan) (Hymenoptera: Aphelinidae) (Labbé et

al., 2009), Trichogramma cacoeciae (March)
(Hymenoptera: Trichogrammatidae) (Tungsoy et
al., 2020), Coptera haywardi  (Oglobin)

(Hymenoptera: Diapriidae) (Martinez-Barrera et
al., 2020), Trichogramma dendrolimi (Mastumura)
(Kandil, 2022). However, no study was found on a
pest belonging to the order Hymenoptera.

Parasitoid venoms compose of a complex
mixture of proteinaceous and non-proteinaceous
components that thought as agrichemicals to
improve pest management (Morreau &Asgari,
2015). The main effect of toxin (venom of
ectoparasitoid) is the influence of short and long-
term paralysis in the host during the larval and
nymphal stages to start developmental block. On
the other hand, toxin might have different roles
during induction, such as restraining the immune
system or disrupting development (Edwards et
al., 2006; Price et al.,, 2009; Tian et al., 2010;
Kryukova et al., 2011).

Idiobiont parasitoid Bracon hebetor causes
paralysis of host (Quistad et al., 1994). Three
proteins were determined in the venom, two of



Tunca Cosic & Cayci, 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(2):

them (Brh-l and -ll) being insecticidal when
injected into lepidopteran larvae (Ferber et al.,
2001). The constituents of the venom, which
comprise of proteins from 3.4-200 kDa have not
been well characterized (Gnatzyet al., 2000). In
this study, effect of B. hebetor’'s venom was
investigated on another Hymenopter species, N.
sertifer. It was found that B. hebetor paralyzed
larvae of N. sertifer larvae but did not deposit
eggs. The level of paralysis was increased by the
number of parasitoid females. Mortality rates
were found to be 66.67 % and 91.67%,
respectively with application of 4 and 5 females at
7th day (Tablel, Figure 1). Parasitoid female
venom has a highly toxic effect on N. sertifer’s
larvae.

Conclusion

As a result, spinosad and B. hebetor female
venom can offer effective control of N. sertifer’s
larvae and prevent serious damage to Pinus spp.
Azadirachtin and B. bassiana can be used with the
combination of the B. hebetor venom of in an
integrated pest management program.
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iki noktali kirmiziériimcek [Tetranychus urticae Koch, 1836 (Acari: Tetranychidae)], cesitli
bitki tlrlerinde beslenen ve tarim urinlerinde ekonomik kayip olusturan zararh
organizmalardan biridir. Bu zararlinin mucadelesinde siklikla sentetik kimyasallarin
kullanimi tercih edilmektedir. METI akarisitleri, yaygin olarak kullanilan kimyasal
maddeler arasindadir. Yapilan galismada, T. urticae (GSS) populasyonu pyridaben ile 10
kez selekte edilmistir. Denemelerde LCso degerleri, 1 kontrol+7 konsantrasyon, her
konsantrasyon icin 3 tekerriir ve her tekerriirde 25 birey olacak sekilde belirlenmistir. Olii
canli sayimlari 24 saat sonra yapilmistir. Ayrica, laboratuvar kosullarinda pyridaben ile
selekte edilmis T. urticae bireylerinde mikro plaka okuyucu kullanarak esteraz, P450
monooksijenaz ve glutatyon S-transferaz (GST) enzim aktiviteleri belirlenmistir. T. urticae
(GSS) populasyonunun pyridaben ile 10 kez selekte edilmesi sonucu direng oraninin 64.2
kat arttig tespit edilmistir. Baslangic, Seleksiyon 5 (S5) ve Seleksiyon 10 (S10)
popiilasyonlarinda esteraz aktiviteleri sirasiyla 10.38, 11.45, 17.82 mOD min? mg?
protein; P450 monooksijenaz aktiviteleri 0.0018, 0.0033 ve 0.0068 mOD min?* mg*
protein; GST aktiviteleri ise 3.0, 3.1 ve 3.5 mOD min* mg? protein olarak bulunmustur.
Bu sonuglar, zararlinin pyridaben etken maddesine karsi direng gelistirmesinde esteraz ve
monooksijenaz  enzimlerinin  rol oynayabilecegini  dislindirmektedir.  Zararli
organizmalarin duyarlilik diizeylerinin diizenli olarak izlenmesi ve direncin kontrol altina
alinmasi, tarimsal tretimde verimliligi ve bitki saghgini korumak adina oldukga énemli bir
adimdir.

Anahtar Kelimeler: Detoksifikasyon enzimleri, direng, kimyasal miicadele, METI
akarisitleri, Tetranychus urticae

ABSTRACT

The two-spotted spider mite [Tetranychus urticae Koch, 1836 (Acari: Tetranychidae)] is a
pest organism that feeds on various plant species and has become a serious problem in
the agricultural sector. Chemical control methods are often preferred in the control
against this pest. METI acaricides are among the commonly used chemicals. In the study,
the T. urticae (GSS) population was selected 10 fold with pyridaben. In the experiments,
LCso values were determined as 1 control + 7 concentrations, 3 replicates for each
concentration and 25 individuals in each replicate. Dead live counts were determined
after 24 hours. In addition, esterase, P450 monooxygenase and glutathione S-transferase
(GST) enzyme activities were determined in pyridaben-selected T. urticae under
laboratory conditions using a microplate reader. It was found that the resistance rate
increased 64.2-fold when the T. urticae (GSS) population was selected 10 folds with
pyridaben. The esterase activities were 10.38, 11.45, 17.82 mOD min! mg* protein; P450
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monooxygenase activities were 0.0018, 0.0033 and 0.0068 mOD min! mg? protein; GST activities were 3.0, 3.1 and 3.5 mOD
mint mg? protein, respectively, in the initial, Selection 5 (S5) and Selection 10 (510) populations. These results suggest that
esterase and monooxygenase enzymes may play a role in the pest's resistance to pyridaben. Regular monitoring of the
susceptibility levels of pest organisms and controlling resistance is an important step to maintain productivity and plant health in

agricultural production.

Key Words: Detoxification enzymes, resistance, chemical control, METI acaricides, Tetranychus urticae

Giris

iki noktali kirmiziériimcek Tetranychus urticae
Koch, 1836
yaygin olarak goérilen en énemli zararh tirlerden

(Acari: Tetranychidae), diinyada

biridir. Genis konukgu dizilimi ve klresel Olgekte

yayginhgi
diizeyde ekonomik kayiplara neden olmaktadir

nedeniyle tarim sektorinde vyiksek

(Assouguem ve ark., 2022).
Sentetik kimyasallardan akarisitler, fitofag akar
populasyonlarinin yonetiminde kritik bir rol

oynayarak bircok tarimsal (riinde ortaya
cikabilecek 6nemli verim kayiplarini azaltmada
etkili olmaktadirlar (Van de Vrie ve ark., 1972;
Jeppson ve ark., 1975; Nauen ve ark., 2001). METI
(Mitokondriyal inhibitori)

akarisitler, fenazaquin, fenpyroximate, pyridaben

Elektron  Tasima

ve tebufenpyrad gibi bilesenleri igerir ve bu
1990'l
tarsonemid ve

akarisitler yillarda gelistirilmis olup

tetranychid, eriophyid akar
turlerinin tim asamalarina karsi etkili bir kontrol
saglamaktadirlar (Kim ve ark., 2006; Tomlin,
2003). METI-akarisitlerin 6zelligi, mitokondriyal
solunum zincirinin kompleks I'ini (NADH: ubikinon
oksidorediiktaz) engelleyerek  calismalaridir
(Hollingworth ve Ahammadsahib, 1995; Wood ve
ark., 1996). Bu etki,

mekanizmasini hedef alarak, popillasyonlarini

akarlarin enerji Gretim
kontrol etmek icin etkili bir strateji sunmaktadir.
Boylece, tarim Urlinlerinde verim kaybini 6nlemek
ve fitofag akarlarin olumsuz etkilerini azaltmak
METI-akarisitler yaygin
kullaniimaktadir. Pyridaben, 1984 yilinda Nissan

amaciyla olarak

Chemical tarafindan kesfedilen bir piridazin
bilesigidir. Ticarilestirilmesi ise 1991 vyilinda
gerceklesmistir  (Dekeyser,  2005).  Ancak,
pyridaben gibi METI akarisitlerinin  yaygin
kullanimi, bazi akar populasyonlarinda direng
gelisimine  neden  olmustur. Bu  direng

mekanizmalarinin anlagilmasi, etkili kontrol

stratejilerinin gelistiriimesi igin énemlidir. Direng
yonetimi, slrdirilebilir tarim uygulamalari ve
cesitli pestisit kullanim stratejilerini igerir.
Tetranychidae Uyelerinde pestisit direnci
genellikle genetik olarak sabit mekanizmalar
mekanizmalarin

aracitligiyla ortaya cikar. Bu

basinda, pestisitleri etkisiz hale getiren metabolik

detoksifikasyon enzimleri  gelmektedir. Bu
enzimler icerisinde sitokrom P450
monooksijenazlar (P450), esterazlar (EST) ve

glutatyon-S-transferazlar (GST) yer almaktadir.
Bunun vyani sira, pestisitlerin etkiledigi belirli
hedef bolgelerdeki genetik mutasyonlar da direng
gelisimine katki saglamaktadir (Knowles, 1997;
2009). Model

| akarisitleri ile yapilan

Van Pottelberge ve ark,,
organizmalarda METI
genetik calismalarda nokta mutasyonlarin PSST ve
49 kDa alt
belirlenmistir (Lummen, 2007). Bajda ve ark.,
(2017) yaptiklari ilk defa METI |
(pyridaben, ve fenpyroximate)

Unitelerinde meydana geldigi
calismada
tebufenpyrad
akarisit direngli T. urticae'de PSST alt Unitesinde
direngten sorumlu olan H92R mutasyonunu
belirlemislerdir.
METI

belirlenmistir.

Bu mutasyonun T. urticae'de

artan direncinden sorumlu oldugu

Tetranychus urticae’de artan
karboksil esteraz aktivitesinin pyridaben direnci
ile iliskili oldugu bildirilmis (Van Pottelberge ve
ark., 2009) olmasina ragmen genellikle P450 ile
detoksifikasyonun pyridaben direncinin baslica
mekanizmasi oldugu siklikla rapor edilmistir (Kim
ve ark., 2006; Stumpf ve Nauen, 2001; Sugimoto
ve Osakabe, 2014).

Diren¢ mekanizmalari, zararli poptilasyonunun
pestisitlere  karsi  direncini  artirarak, bu
organizmalarin kontroliini zorlastirir. Bu nedenle,
pestisit kullanimiyla ilgili stratejiler gelistirilirken,
diren¢ mekanizmalarinin anlasilmasi biylik bir

Onem tasir. Hedef akarlarin akarisitlere maruz
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kalmasiyla ilgili glivenilir temel verilere sahip
olmak, akarisit kullaniminin dizenlenmesinde
temel bir faktordir (Badawy ve ark., 2022). Bu
yuzden seleksiyon c¢alismalari yapilarak direng
mekanizmalarini arastirmak onem kazanmaktadir.
Yapilan laboratuvar kosullarinda
pyridaben ile selekte edilmis T. urticae
bireylerinde duyarlilik dizeyi ile EST, GST ve P450

enzimleriyle iliskileri degerlendirilmistir.

¢alismada,

Materyal ve Yontem

Tetranychus urticae poplilasyonunun orijini ve
yetistirilmesi

Calismada kullanilan hassas T. urticae German
Susceptible Strain (GSS)
Uygulamali Bilimler Universitesi Ziraat Fakiiltesi
Bitki iklim odalarinda 2001
yilindan itibaren herhangi bir pestisite maruz
kalmadan 26%1°C sicaklikta, %60-65 orantili nem
16:8
yetistirilmektedir.

poptllasyonu Isparta

Koruma Bolimu

ve saat 1siklandirma  periyodunda

insektisit

Calismada pyridaben etken maddesi iceren
PUZZLE 20 WP (Hektas, Tirkiye) ticari preparati
kullantimistir.

Seleksiyon ¢alismalari

Seleksiyon calismalarinda Yorulmaz Salman ve
(2014)
kullantimistir.

Saritas, tarafindan uygulanan metot

Tetranychus urticae’nin  hassas
popllasyonu pyridaben seleksiyonu icin baslangic
poptllasyonu olarak kullanilmistir. Seleksiyon
islemi icin Oncelikle T. urticae popilasyonunda
pyridabene karsi LCso degeri belirlenmistir. LCso
her

denemeleri 1 kontrol+7 konsantrasyon,

konsantrasyon icin 3 tekerriir olacak sekilde

kurulmustur. Pyridaben uygulama
konsantrasyonu belirlenirken ilk konsantrasyonda
%90'dan az kontrol grubunda ise %10'dan fazla
dikkate
suresinde yapragin nem ihtiyacini kargilayabilmesi
Petri

olarak slatiimistir.

o0lim olmamasi alinmistir. Deneme

amaciyla icerisindeki pamuklar dizenli

Pamuk UGzerine ise 3 cm

capinda fasulye yaprak diskleri konulmustur. Her
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tekerrdr icin 9 cm capindaki Petriler icerisine 25

adet T. urticae ergin disisi eklenmistir. Her
konsantrasyon icin %50 seyreltilerek hazirlanan
ilag konsantrasyonlari ile Petriler ilaglama kulesi
(Burkard Scientific, ingiltere) yardimiyla 1 bar
basingta yaprak yuizeyine 2 mL (1,95 + 0,05 mg
ilac gelecek

ilaglama yapilmistir. Oli- canli sayimlari 24 saat

akarisit  ¢ozeltisi/cm™) sekilde

sonra yapimistir. Bu verilerden vyararlanilarak
kirmiziérimcek populasyonlarinin LCso degerleri
PoloPlus bilgisayar
T.
seleksiyon konsantrasyonu olarak LCeo degerleri

paket programinda

hesaplanmistir. urticae popilasyonu igin
kullanilmigtir. Yine Yorulmaz Salman ve Saritas
(2014)

seleksiyon islemi icin, tabaninda pamuk bulunan 9

tarafindan uygulanan metota gore
cm capindaki Petriler Gzerindeki yaprak disklere
LCeo0

konsantrasyonu Petrilere ilaglama kulesinde 1 bar

50 adet T. urticae bireyi aktarilmigtir.
basinc altinda yaprak tizerine 2 mL olacak sekilde
uygulanmistir. Petriler 2621°C sicakhkta %60-65
nem ve 16:8 (A/K) fotoperiyot kosullarinda 24
saat slreyle birakilmistir. Uygulamadan 24 saat
sonra canl kalan bireyler temiz fasulye bitkisi
Uzerine aktariimistir. LCso konsantrasyonu her
seleksiyon populasyonu icin yeniden belirlenerek
populasyonlar baskisina

seleksiyon maruz

birakilarak diren¢ kazandirilmistir (Seleksiyon

aralari ortalama olarak 20-30 giin arasindadir).

EST, P450 ve GST enzimlerinin belirlenmesi

EST aktivitesinin belirlenmesinde; Stumpf and
Nauen (2002) yontemi kullaniimis; 100 pL sodyum
fosfat tampon (0.1M, pH7.5) hazirlanarak icerisine
% 1 oraninda Triton X-100 eklenmistir. Cozelti
icerisine 20 adet kirmiziérimcek disisi eklenerek
homojenize edilmistir. icerisinde disi bireylerin
ezildigi ¢ozelti daha sonra 10000 g ve +4°C'de 5
dakika santrifiij edilmistir. Su ile 10 kez seyreltilen
supernatant ve fosfat tampondan (0.2 M, pH 6)
ayri ayri olmak Uizere 25’er pL mikroplakanin
hicrelerine konulmustur. Calismada reaksiyon200
pL substrat sollisyonunun (Substrat sollisyonu 30
mg fast blue RR tuzunun 50 ml 0.2 M sodyum
fosfat buffer’'da ¢ozilmesi ve bu karisima 500 pl
100 Mm a - naphtyl acetate’in eklenmesiyle elde
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edilmistir) eklenmesiyle baslatiimistir. EST enzim
aktivitesi Versamax kinetik mikroplaka okuyucuda
(Molecular Devices) 23°C'de ve 450 nm’de 10
dakika olgtlmustir.

Stumpf and Nauen (2002) yontemi kullanilarak
GST enziminde ise oncelikle 300 pL Tris HCL
tampon (0.05M, pH:7.5) hazirlanmistir. Bu ¢ozelti
icerisine otuz adet disi birey eklenmistir. Disi
bu c¢o6zelti icerisinde homojenize
Karisim 10000g, +4°C'de 5 dakika
santrifiij edilmistir. Mikroplaka hiicrelerine 100 pL

bireyler
edilmistir.

supernatant, 100 pL 1-kloro-2,4- dinitrobenzen
(CDNB) ve 100 pL glutathion (GSH) konulmustur.
Final konsantrasyonda hiicrelerde 0.2 mM GSH ve
0.4 mM CDNB bulunmaktadir.GST enzimi ayni
cihazda kinetik olarak 340 nm, 25 °C’'de, 5 dakika
belirlenmistir.

P450
olarak pnitroanisole (PNOD) ve (Rose ve ark.,
1995) yontemi Bu
yontem icin oncelikle, 50 adet disi birey 100 pl

enziminin belirlenmesinde substrat

uyarlanarak kullaniimistir.

homojenizasyon tampon’da [0.05 M Tris-HCI +
%1.15 KCI + 1mM EDTA pH (7.7)] plastik ezici ile
ezilmis ve homojenat +4°C 10000 g'de 20 dk
santriflij edilmistir. Mikroplaka hiicrelerine 45 pL
homojenizasyon tampon + 45 uL homojenat +100
uL (2mM) PNOD eklenerek karisim 30 ° C'de 5 dk
inklibe edilmistir. En son asamada mikroplaka
hiicrelerine 10 uL 9.6 mM NADPH eklenerek P450
enzim aktivitesi ayni cihazda 405 nm 30 ° C'de 15
dk stireyle 6l¢tlmistdr.

Biyokimyasal calismalarda, kontrol hiicreleri ise
olarak Enzim

homojenatsiz okunmustur.
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okumalari dort tekerrirli olarak yapilmistir. Tim
PRO
programinda analiz edilerek sonuglar mOD min?

enzim  aktiviteleri  Softmax software
mg! protein olarak verilmistir. Orneklerin toplam
protein miktarlarinin belirlenmesinde (Bradford,
1976)’un total protein tayin yontemi kullanilmis
ve Bovine Serum Albumine (BSA) standart olarak

alinmistir.

Istatistiksel degerlendirme

Tetranychus urticae populasyonlarinin 24 saat
sonra belirlenen 6lim verilerinden yararlanilarak
POLO bilgisayar paket programinda (LeOra, 1994)
denenen insektisit/akarisitin LCso ve LCeo degerleri
belirlenmistir. Enzim sonuglarindan elde edilen
veriler tek yonli varyans analizi teknigi ile (Tek
yollu ANOVA) analiz edilmis ve popilasyonlar
arasindaki farkliliklarin  belirlenmesinde Tukey

testi kullanilmistir.
Arastirma Bulgulari ve Tartisma

Pyridaben seleksiyonu sonucu elde edilen T.
urticae popllasyonlarinin LCsp ve LCso degerleri ve
direng oranlari gizelge 1’de verilmistir. Baslangig
LCso
seleksiyonlar sonrasinda elde edilen direng
oranlari sirasiyla 3, 4.1, 7.1, 9.5, 8, 15.1, 16.2,
24.7, 30.7 kat olarak belirlenmistir. Son seleksiyon

populasyonunun degerine gore ardisik

populasyonunda 64.2 kat pyridaben direnci elde

edilmistir (bundan sonra S10 olarak ifade

edilecektir).
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Cizelge 1. Tetranychus urticae'de pyridabene karsi baslangic ve seleksiyon popiilasyonlarinda belirlenen LCso ve LCeo degerleri
ve direng oranlari
Table 1. LCso and LCso values and resistance rates determined in the initial and selection populations against pyridabene in

Tetranychus urticae

*

Popiilasyon n Egim+sh LCso LCeo0 df | x2 Direng Orani

Population Slope+se g/ 100 ml g/ 100 ml Resistance Rate
(Guven araliklari (Guven araliklari
confidence limits) confidence limits)

Baslangig 600 | 2.511+0.218 | 0.019 0.024 5 38.507 | -

popiilasyonu 0.008 - 0.033 0.012 - 0.046

Initial

population

S-1 600 | 2.825%£0.220 | 0.058 0.071 5 5.7101 |3
0.048 - 0.069 0.059 - 0.086

S-2 600 | 2.426%0.191 | 0.078 0.099 5 2.234 4.1
0.067 - 0.090 0.086-0.115

S-3 600 | 2.133£0.163 | 0.136 0.179 5 2.007 7.1
0.116-0.159 0.154-0.210

S-4 600 | 2.142+0.157 | 0.181 0.237 5 3.187 9.5
0.155-0.210 0.204 - 0.277

S-5 600 | 2.032+0.161 | 0.152 0.203 5 4.039 8
0.128-0.179 0.173-0.238

S-6 600 | 2.490+0.181 | 0.287 0.363 5 5.2375 | 15.1
0.238-0.346 0.302-0.443

S-7 600 | 2.315+0.170 | 0.308 0.396 5 3.040 16.2
0.266 - 0.355 0.344 - 0.460

S-8 600 | 3.0231£0.228 | 0.471 0.571 5 3.916 24.7
0.416-0.533 0.505 - 0.652

S-9 600 | 3.424+0.328 | 0.585 0.694 5 6.8270 | 30.7
0.477 - 0.706 0.574 -0.850

S-10 600 | 1.88410.142 | 1.221 1.664 5 16.231 | 64.2
0.827-1.922 1.127 - 2.853

n*: Tekrar sayisi, sh: standart hata, df: serbestlik derecesi, x2: ki-kare: S1: Seleksiyon 1, S2:Seleksiyon 2, S3: Seleksiyon 3,
S4:Seleksiyon 4, S5: Seleksiyon 5, S6: Seleksiyon 6, S7: Seleksiyon 7 S8: Seleksiyon 8, S9: Seleksiyon 9: S10: Seleksiyon 10

n*: Number of replicates,se: standard error, df: degrees of freedom, x2: chi-square :S1: Selection 1, S2: Selection 2, S3:
Selection 3, S4: Selection 4, S5: Selection 5, S6: Selection 6, S7: Selection 7 S8: Selection 8, S9: Selection 9: S10 Selection 10

Tetranychus urticae’nin baslangic, S5 ve S10  farkh bir grupta yer almistir. GST enzimi tim
S5 ve S10) ayni

grupta yer almistir. P450 enziminin aktivitesi ise

popdulasyonlari icin EST, GST ve P450 enzimlerinin populasyonlarda (baslangic,
aktiviteleri Cizelge 2’de verilmistir. EST enzim
aktivitesi baslangic ve S5 popllasyonlarinda ayni her bir popllasyonda istatistiksel olarak farkh

istatistiksel grupta yer alirken S10 popllasyonu gruplarda yer almistir (Cizelge 2).
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Cizelge 2. Tetranychus urticae'nin GSS, S5 ve S10 popiilasyonlarinda EST, GST ve P450 enzim aktiviteleri
Table 2. EST, GST and P450 enzyme activities in GSS, S5 and S10 populations of Tetranychus urticae

Popilasyon n* Spesifik aktivite Spesifik aktivite Spesifik aktivite
Population Specific activity Specific activity Specific activity
mOD mintmg!protein mOD  min?  mg?! mOD min'mg?protein
protein
EST GST P450
Baslangic 4 10.38b™ 3.0a" 0.0018c™
Initial
S5 4 11.45b 3.1a 0.0033b
S10 4 17.82a 3.5a 0.0068a

* Tekerrir sayisi: ** Ayni stitlinda yer alan ayni harfler istatistiksel olarak ayni grubu gosterir (P<0.05): S5: Seleksiyon 5, S10:

Seleksiyon 10

* Number of replicates: **The same letters indicate the same group statistically (P<0.05): S5: Selection 5, S10: Selection 10

Tetranychus urticae popllasyonu ekonomik
zarar esiginin altinda tutulmadig takdirde birgok
Uriinde ciddi sorunlara neden olabilen, polifag ve
kozmopolit bir zararlidir (Jeppson ve ark., 1975).
Bu sebeple yogun akarisit kullanimina maruz
kalmakta ve bunun sonucu olarak da direng
insektisit  direncini

gelisimi  gorilmektedir.

yonetmek veya geciktirmek icin direncin altinda

yatan mekanizmalarin aydinlatiimasi
gerekmektedir.

Bu c¢alismada laboratuvar  kosullarinda
pyridaben ile selekte edilmis T. urticae
popllasyonunun biyokimyasal mekanizmalari
incelenmis ve GSS (hassas popllasyon)de

pyridaben ile ardisik 10 seleksiyon sonucu 64.2

kat direng gozlemlenmistir. Literatir
incelendiginde, bir arazi popilasyonu olan T.
urticae, 20 nesil boyunca art arda pyridaben ile
seleksiyona maruz birakilmis ve direng oranini 240
olarak belirlemislerdir (Kim ve ark., 2006). Koo ve
ark. (2021)’1 calismasinda, T. urticae’nin pyridaben
direncli popilasyonunun duyarli popiilasyona
gore 4109,6 kat daha vyiksek direng orani
bulunmustur. Bati Avustralya'da, dort mevsim
boyunca bes tebufenpyrad uygulamasina maruz
birakilan bir elma bahcgesinden toplanan T. urticae
popllasyonu, tebufenpyrad, pyridaben ve
fenpyroximate'a karsi sirasiyla 63-, 210- ve 25 kat
diren¢c gostermistir (Herron ve Rophail, 1998).
Belcika’da  siklikla

fenpyroximate, pyridaben ve fenazaquin ilaglarina

kullanilan  tebufenpyrad,
karsi T. urticae'nin arazi popllasyonu sirasiyla
184, 1547, 5971 ve 35 kat diren¢ gostermistir
(Van Pottelberge ve ark., 2009). Cin (Pinghe,
Linhai ve Yidu)'den toplanan Panonychus citri
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(McGregor) (Acari: Tetranychidae)
populasyonlarinin, duyarli bir popllasyonla
karsilastinldiginda pyridaben'e karsi sirasiyla

266,5-, 417,9- ve 601,5 kat dirence sahip oldugu
bildirilmistir (Hu ve ark., 2010). Cin’de 2017
yilinda cinnabarinus
(Boisduval) (Acari: Tetranychidae) popitlasyonu
pyridaben'e karsi orta diizeyde bir diren¢ (31,9
kat) gostermistir (Feng ve ark., 2020). Yapilan
baska bir
Kishida

populasyonu

toplanan  Tetranychus

¢alismada, Tetranychus kanzawai

(Acari: Tetranychidae)'nin arazi
METI-I

tebufenpyrad, fenpyroximate ve pyridaben'e karsi

akarisitlerinden

sirasiyla 97-, 1,300- ve 130 kat direng gelistirmistir
(Goka, 1998). Yapilan calismalar incelendiginde
pyridaben aktif maddesinin de icerisinde yer aldigi
METI akarisitlerine karsi tetranychidlerde bircok
direng ¢alismasi yayinlanmis ve populasyonlarin
genetik gesitliligi, zararh tirl ve pestisitlerin yapisi
gibi  ozelliklerin diren¢ gelisimini etkiledigi
bildirilmistir.

Tetranychus urticae’de pestisit direnci, artan
metabolik  detoksifikasyon  aktivitesi  (Van
Leeuwen ve Tirry, 2007); P450, GST, CarE ve
(UGT'ler)’in

asiri ekspresyonu dahil olmak lizere ¢oklu direng

Uridin  difosfat-glikoziltransferazlar
mekanizmalariyla iliskilendirilmistir (Khalighi ve
ark., 2016; Riga ve ark., 2014; Wang ve ark., 2020;
Wei ve ark., 2019; Xu ve ark., 2021; Zhang ve ark.,
2022). 64.2 kat pyridaben direncli popilasyonda
(510) GST enzim aktivitesinde baslangica kiyasla
az bir artis olmasina ragmen, iki poptllasyonun
enzim seviyeleri arasindaki fark istatistiksel olarak
EST ve P450 enzim
seviyeleri arasindaki fark ise istatistiksel olarak

anlamhi  bulunmamuistir.
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anlamli  bulunmustur.  Panonychus  citri'nin
pyridaben direncinde P450 o&nemli bir faktor
oldugu bildirilmistir (Alavijeh ve ark., 2020; Ding
ve ark., 2013). Namin ve ark. (2020), yapmis
olduklari ¢alismada, yliksek seviyelerde pyridaben
direncine (LCso > 10.000 mg/L), hedef bolge
mutasyonlari disindaki mekanizmalar (6zellikle
P450'ler)

belirtmislerdir.

aracihgiyla ulasilabilecegini

Tetranychus  cinnabarinus’un
pyridaben direnci
P450'lerin
poptlasyonlarda hassasa gore dnemli él¢lide daha
GST'lerin

Olclide farkl

Uzerine vyapilan c¢alismada,

aktivitesinin  araziden  toplanan

yuksek  bulundugunu; ancak ve

CarE'lerin aktivitesinin, ©6nemli
olmadigini belirtmislerdir (Feng ve ark., 2020).
Yapilan ¢alismanin sonuglarina gore ve literatiirde
yer alan diger calismalardan da yola cikilarak
T.urticae’nin pyridaben direncinde EST ve P450
enzimlerinin rol oynama

potansiyeli oldugu

distndlmektedir.

Sonuglar

Zararhlarla etkili bir kimyasal miicadele igin
duyarhlik diizeylerinin belirlenmesi 6nemlidir. Bu
T.
urticae’de pyridaben diren¢ mekanizmasi lzerine

calismada, laboratuvar seleksiyonlari ile
incelemeler yapilmistir. Laboratuvarda yapilan bu
calismalarin her zaman arazi kosullarindaki direnci
yansitmadigini belirtmek gerekir. Bu nedenle
laboratuvar kosullarinda yapay seleksiyon disinda
da calismalara ihtiya¢c vardir. Bununla birlikte,
saglam direng yonetimi programlarinin
uygulanabilmesi icin capraz direncin altinda yatan
da

zararhlarin duyarhlik dizeylerinin sik araliklarla

mekanizmalar incelenmelidir. Bu nedenle
kontrol edilip belirlenmesi ve direncin énlenmesi
veya geciktirilmesi icin gerekli 6nlemlerin alinmasi
gerekmektedir.

Cikar Catismasi: aralarinda

herhangi bir gikar ¢atismasi bulunmadigini beyan

Makale vyazarlari

ederler.

Yazar Katkisi: Yazarlar makaleye esit oranda katki
saglamis olduklarini beyan ederler.
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Introduction

ABSTRACT

The Southeast Anatolia Region plays an important role, as it accounts for around sixty
percent of Turkiye's cotton production. One of the most important factors limiting cotton
cultivation is weeds. The aim of this study was to determine the weed species, their
frequency and population density in the cotton growing areas of the Southeast Anatolia
region. For this purpose, surveys were conducted in 152 cotton growing areas in
Diyarbakir, Mardin and Sanliurfa provinces in 2020 and 2021. The surveys were conducted
using the segmented sampling method. As a result of the studies, 43 weed species
belonging to 16 families were identified. When the weed species found in cotton are
evaluated by family, the Poaceae family ranks first with 7 species, followed by Asteraceae
with 6 species, Euphorbiaceae and Amaranthaceae with 5 species. redroot pigweed
(Amaranthus retroflexus L.), field bindweed (Convolvulus arvensis L.), purple nutsedge
(Cyperus rotundus L.), jungle rice (Echinochloa colonum (L.) Link), ground cherry (Physalis
spp.), common purslane (Portulaca oleracea L.), black night shade (Solanum nigrum L.),
johnson grass [Sorghum halepense (L.). Pers] and common cocklebur (Xanthium
strumarium L.) were identified as the most common weed species. These weeds are
widespread in many summer crops, especially in cotton. The development of effective
management methods against these weeds in cotton will contribute to higher yields.

Key Words: Cotton, weeds, frequency, Southeast Anatolia Region
(04

Guneydogu Anadolu Bolgesi Tirkiye’'nin pamuk Uretiminin yaklasik ylzde altmisini
karsilamasi nedeni ile 6nemli bir yere sahiptir.Pamuk Uretimini sinirlayan &énemli
faktorlerden biri de yabanci otlardir. Bu galismada Gilineydogu Anadolu Bdlgesi pamuk
ekim alanlarindaki yabanci ot tirleri, yayginhk ve yogunluklarinin belirlenmesi
hedeflenmistir. Bu amagla 2020 ve 2021 yillarinda Diyarbakir, Mardin ve Sanliurfa illerinde
152 adet pamuk ekim alanlarinda sirveyler gergeklestirilmistir. Slirveyler bolimliu
ornekleme yéntemine gore yapilmistir. Calismalar sonucunda 16 familyaya ait 43 yabanci ot
tird tespit edilmistir.Pamukta bulunan yabanc ot tirleri familyalara gore
degerlendirildiginde Poaceae familyasi 7 tir ile ilk sirada yer alip bu familyay1 6 tir ile
Asteraceae, 5 tir ile Euphorbiaceae ve Amaranthaceae familyalari takip etmistir. Yapilan
surveylerde; kirmizi koklu tilki kuyrugu (Amaranthus retroflexus L.), tarla sarmasigl
(Convolvulus arvensis L.), topalak (Cyperus rotundus L.), benekli darican [Echinochloa
colonum (L.) Link], fener otu (Physalis spp.), semiz otu (Portulaca oleracea L.), it Gzimi
(Solanum nigrum L.), kanyas [Sorghum halepense (L.). Pers] ve domuz pitragi (Xanthium
strumarium L.) tlrleri en yaygin yabanci ot tirleri olarak belirlenmistir. Bu yabanci otlar
pamuk basta olmak Uzere bircok yazlk kiltiir bitkisinde yaygin olarak goriilmektedir.
Pamukta bu yabanci otlara karsi etkili miicadele yontemlerinin gelistirilmesi daha yiksek
verim elde edilmesine katki saglayacaktir.

Anahtar Kelimeler: Pamuk, Yabanci ot, Yayginlk, Glineydogu Anadolu Bolgesi
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Cotton (Gossypium hirsutum L.), native to
India, is an industrial plant from the Malvaceae
family. In cotton processing, it is the basic raw
material for the ginning industry, for the oil and
animal feed industry with its seeds, for the textile
industry with its fibers and for the paper industry
with its linters. With these aspects, cotton has
strategic product of economic
the world. with
population growth and the rise in living standards,

become a

importance in However,
the demand for cotton plants is increasing day by
day. In particular, the cotton plant has become an
important economic product for some countries
as it creates high added value (Keskinkilig, 2014).
Cotton, the most important natural raw
material in the textile industry, was grown on an
average of 32.01 million hectares of land in the
world in the 2023 production season and around
24.6 million tons of cotton products were
obtained. Tirkiye ranks seventh in the world in
terms of cotton production, and fourth and fifth
in terms of import and consumption, respectively.
(Anonymous, 2023a). In addition, Tirkiye has the
most efficient and highest quality cotton
production among non-GMO cotton producing
countries (Anonymous, 2023b). Cotton cultivation
the

Southeastern

in Turkiye generally takes place in

Mediterranean, Aegean and
Anatolia regions. Approximately 59% of Tirkiye's
cotton production takes place in the Southeast
Anatolia Region, 24% in the Aegean Region and
17% in the Mediterranean Region (TUIK, 2023).
There are many factors that limit cotton
production, and one of the most important
factors is weeds. Weeds compete with crops in
terms of light, water and nutrients, and by
reducing their effectiveness; they significantly
reduce crop yield and quality (Ozer et al., 1998).
In this context, it has been found that cotton yield
losses are 34-61% if weeds are not controlled
regularly (Ahmad et al., 2003), and that this
percentage can even rise to 90% (Beltrao, 1994).
To prevent weed-induced yield losses in cotton, it
is important to carry out weed control in the
critical period between the first 1-2 weeks and 7-

10 weeks after cotton emergence (Vargas et al.,
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1996; Bikin and Uygur, 1997; Tursun et al.,
2016). Furthermore, weeds compete with cotton
in the early stages, hindering its development and
significantly reducing its yield. In addition to
direct yield losses, Convolvulus arvensis L., Datura
stramonium L., Solanum nigrum L., Xanthium
strumarium L. and Setaria viridis (L.) P. Beauv.
occur especially after irrigation. Weeds such as
these adhere to the fibers of the cotton plant,
which reduces fiber quality and makes harvesting
more difficult (Biikiin and Uygur, 1997; Ozer et al,
1998; Boz and Dogan, 2004; Giincan and Karaca,
2014). For this reason, weed control is necessary
to achieve high-quality and efficient cotton
production In order to prevent the damage
caused by weeds, their occurrence and density
must be determined.

With the expansion of irrigation areas as part
of the Southeastern Anatolia Project (GAP),
cotton cultivation began in a large agricultural
area of the region. Irrigation provides a suitable
growing environment not only for the grown
cotton but also for water-loving weeds, which
compete with cotton (Bukiin et al., 2005). In
addition, the irrigation of cotton fields enables
the transportation of weed seeds and the
infection of other areas, which particularly
promotes the reproduction and spread of invasive
weeds.

It is stated that weed species in cotton growing
areas may change due to increasing agricultural
irrigation in the GAP region, changing crop
patterns, changing weed control methods and
global warming (Doganoglu, 2010; Arslan, 2018).
For this reason, it is important to constantly
monitor the spread and density of weeds in
cotton fields and to develop strategies against
these weeds by developing effective control
methods. For this purpose, the frequency and
density of weeds in the cotton fields of Diyarbakir,
Sanhurfa and Mardin provinces were determined
studied.

Material and Method

In this study, surveys were conducted in 2020
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and 2021 to determine the frequency and density
of weeds in the cotton growing areas of Sanlurfa,
Diyarbakir and Mardin provinces in Tilrkiye (Table
1). The surveys were conducted using the
segmented sampling method (Bora and Karaca,
1970). Samples were taken during the surveys to
represent the field and to ensure that there was a
distance of at least 3 km between the cotton
fields. To avoid the edge effect, sampling began
10-15 m inside the edge of the field in a diagonal
direction. Counts were made at each sampling
point by randomly throwing 10 frames from a
0.25 m? (50 x 50 cm) frame in the fields with <10
da., 15 frames in the fields with 11-50 da., 20

frames in the fields with 51-100 da. and 25 frames
in the fields with >100 da. (Ozkil et al., 2019).

In the surveys conducted in the cotton growing
areas of the Southeastern Anatolia Region in
June, July and August in 2020 and 2021, sampling
was carried out in 48 fields in 5 districts in
Diyarbakir, 19 fields in 4 districts in Mardin and 85
fields in 8 districts in Sanlurfa. Accordingly,
counts were conducted in a total of 1 558 173 da.
(TUIK, 2020) and 152 fields in the survey studies
(Table 1).

Table 1. Cultivated areas of the provinces where surveys were conducted in the cotton fields in the Southeast Anatolia
Region and the number of fields where sampling took place.

Cultivation areas

Provinces Districts (da) Number of fields surveyed
Akcakale 207 000 14
Bozova 27 959 6
Eyylbiye 176 670 14
Haliliye 156 500 10
sanhurfa Harran 174 600 13
Hilvan 36 181 6
Siverek 121413 9
Viransehir 212 150 13
Total 1112473 85
Bismil 200 000 18
Cinar 115720 12
Diyarbakir Egil 3000 4
Sur 38 000 7
Yenisehir 26 368 7
Total 383 088 48
Artuklu 48 71 2
Mardin Derik 13 360 4
Kiziltepe 40 000 10
Nusaybin 650 3
Total 58 881 19
General Total 1558173 152

In the surveys to determine the weed species
in the cotton fields, the identification of weed
species was carried out according to Davis (1965-
1988).

The density of weeds (number/m?), frequency
of occurrence (%), special and general weed cover
areas (%) were calculated (Odum, 1971; Uygur,
1984). The formulas for determining the
frequency of occurrence, density (number/m?2),
general cover area and specific cover area are
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given below.
Density (weed/m?) =y/n

y = Number of weed species included in the
frame

n = Total number of frames thrown

Occurrence Frequency (O.F.): It is the value
that shows the percentage of a weed species
encountered within the surveyed areas.

0.F.(%) = (n/m) x100
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n = Total number of fields where a species
is found

m = Total number of fields measured

General Covering Area (G.C.A.): It is the
amount that a species covers in the total area
measured as a percentage.

G.C.A.(%) = T.CA./m

T.C.A.(%)=Coverage of a weed species in
surveyed weed species in surveyed fields

m= number of total surveyed fields

(S.C.A): It is the
amount that a species covers only in the area

Specific Covering Area

where it is found, in %.
S.CA. (%)=T.C.A/n

T.C.A.= Coverage of a weed species where a
species ed species where a species occurred

n= number of total surveyed fields

Results and Discussion

During the surveys in Diyarbakir, Mardin and

O » N W b~ U1 O N ©®©

Sanhlurfa provinces, where cotton is intensively
cultivated in the Southeastern Anatolia Region, 43
weed species belonging to 16 families were
identified. It was found that 7 of the identified
weed species were monocotyledonous and 36
were dicotyledonous species. Looking at the weed
species found in cotton by family, the Poaceae
family ranked first with 7 species, followed by the
Asteraceae with 6 species, the Euphorbiaceae and
the Amaranthaceae family with 5 species (Figure
1). Similar to our study, in studies conducted in
cotton growing areas in Tirkiye, most of the
weed species found in cotton were found to
belong to the Poaceae family (Uludag and Katkat,
1991; Boz et al, 1995; Arslan, 2012; Arslan, 2021;
Ozaslan and Biikiin, 2013; Ozkil , 2019; Kaya and
Nemli, 2002; Pala and Mennan, 2019; Sahin et al,
2020; Tursun et al, 2004). It was found that most
of the species identified during surveys in cotton
growing areas in Ethiopia, China, Kenya and
Greece in the world belonged to the Poaceae
family (Kimunye, 2011; Tena, 2012; WeiHua et al,
2014; Taye, 2019 and Issayev, 2023).

Figure 1: Families and their numbers identified during surveys in cotton fields in the southeast Anatolia

Region.

Weed density (number/m?), frequency of
occurrence (%), specific and general cover areas
(%) were calculated based on the average of the
surveys conducted in 2020 and 2021 in the cotton
fields Mardin

of Diyarbakir, and Sanlurfa
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provinces (Table 2).

As a result of the surveys conducted in the
provinces with intensive cotton cultivation in the
Southeastern Anatolia Region, the top 10 weed
species in terms of frequency of occurrence were:
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Sorghum halepense (L.). Pers, Physalis spp.,
Xanthium strumarium L., Portulaca oleracea L.,
Amaranthus retroflexus L., Convolvulus arvensis

L., Solanum nigrum L., Tribulus terrestris L,

(L)

rotundus L. Similar to the species identified in our

Echinochloa colonum Link and Cyperus

study, various researchers have conducted

studies in different years in Southeastern

Anatolia, Aegean and Mediterranean regions
where cotton production is intensive in Tirkiye:
A. retroflexus, A. albus, C. arvensis, C. dactylon, C.
tinctoria, C. rotundus, E. colonum, P. oleracea,
Physalis sp, Prosopis farcta, S. halepense, S.
nigrum, T. terrestris and X. strumarium weed
species were among the most common species

(Uludag and Katkat, 1991; Boz et al, 1995; Uludag
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and Uremis, 2000; Ozaslan and Biikiin, 2013;
Arslan, 2018; Pala and Mennan, 2019, Kadioglu et
al, 1993; Uygur, 1997; Gonen, 1999; Boz, 2000;
Kaya and Nemli, 2002; Go6zcli and Uludag, 2005;
Tursun et al, 2004; Basal et al, 2019; Ozkil et al,
2019).

In surveys carried out in cotton fields in various
countries around the world, Amaranthus spp., C.
album, C. rotundus, C. arvensis, C. tinctoria, C.
dactylon, D. stramonium, E. crusgalli, H. trionum,
P. oleracea, Setaria glauca, S. halepense, S.
nigrum, X. strumarium and X. spinosum weed
species were detected and were similar to the
species detected in our study (Taye et al, 2019;
Tena et al, 2012; Issayev, 2023; Economou et al,
2005).
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Table 2. Density of weed species (number/m?), frequency of occurrence (%), specific and general cover areas (%) in surveys in cotton growing areas in Diyarbakir, Mardin and Sanlurfa provinces
in 2020 and 2021.

Diyarbakir Mardin Sanlurfa
Family

Scientific name o 73 < < o 73 < < o c 3 < <

c |8¢g ¢ 9 c |ag| ¢ O c | ag| ¢ 9

> (U] v > (U] ©v > O v
Amaranthus albus L. 14.58 | 0.08 | 0.79 5.43 | 11.76 | 0.09 0.99 8.43 1.20 0.04 0.32 | 26.67
Amaranthus blitoides S. Watson 2292 | 0.14 | 1.78 7.78 23.53 0.10 1.69 7.19 2.41 0.02 0.29 11.94
Amaranthaceae Amaranthus palmeri S. Watson - - - - 11.76 | 0.32 1.17 9.93 8.43 0.24 1.23 | 14.64
Amaranthus retroflexus L 60.42 | 1.82 | 10.15 | 16.81 | 82.35 5.10 23.18 | 28.15 | 45.78 0.79 4.03 8.81
Chenopodium album L. 14.58 | 0.05 | 0.54 3.67 5.88 0.01 0.44 7.50 2.41 0.02 0.19 7.71

Centaurea sp. 2.08 | 0.01| 0.23 10.91 - - - - - - - -
Conyza canadensis (L.) Cron. - - - - - - - - 1.20 0.00 0.05 3.75
Asteraceae Lactuca serriola L. 2.08 | 0.02 | 0.32 | 15.29 | 5.88 0.01 0.22 3.75 2.41 0.01 0.12 5.00
Sonchus sp. 2,10 | 0.02 | 0.47 | 22.35 - - - - 2.41 0.01 0.12 5.00
Xanthium spinosum L. 4.17 | 0.07 | 0.49 | 11.82 | 5.88 0.01 0.81 | 13.75 | 3.61 0.02 0.52 | 14.42
Xanthium strumarium L. 83.33 | 2.25 | 23.66 | 19.71 | 79.00 | 1.93 | 20.33 | 16.05 | 84.70 | 2.21 | 19.96 | 16.91

Apiaceae Daucus carota L. 2.08 | 0.02 | 0.23 10.91 - - - - - - - -
Boraginaceae Heliotropium europaeum L. 6.25 [ 0.03 | 0.56 8.95 5.88 0.01 0.15 2.50 1.20 | <0.01 | 0.05 3.75
Brassicaceae Sinapis arvensis L. - - - - - - - - 1.20 | <0.01 | 0.03 2.67
Convolvulus arvensis L. 54.17 | 0.78 | 894 | 16.50 | 64.71 | 0.83 7.86 12.14 | 56.63 1.80 | 14.19 | 25.05

Convolvulaceae Convolvulus stachydifolius Choisy 2.08 | 0.02 | 0.16 7.50 - - - - - - - -
Ipomea purpurea (L.) Roth 1458 | 0.09 | 1.17 8.00 - - - - 21.69 | 0.14 1.50 6.93
Cucurbitaceae | Cucumis melosub sp. agrestis (Naudin) Pangalo | 35.42 | 0.22 | 2.49 7.03 | 11.76 | 0.07 1.47 | 12.50 | 24.10 | 0.15 1.32 5.46
Cyperaceae Cyperus rotundus L. 33.33 | 2.06 | 7.92 | 23.77 | 17.65 | 2.07 3.85 | 21.81 | 48.19 | 891 | 17.59 | 36.49
Euphorbia aleppica L. - - - - - - - - 1.20 | <0.01 | 0.05 3.75
Euphorbia helioscopia L. 4.17 | 0.02 | 0.23 5.63 - - - - 1.20 | <0.01 | 0.05 3.75
Euphorbiaceae Euphorbia serpens Kunth. 4.17 | 0.02 | 0.23 5.63 - - - - 1.20 | <0.01 | 0.05 3.75
Euphorbia sp 4.17 | 0.03 | 0.10 2.50 5.88 0.08 1.08 | 18.35 | 2.41 0.07 0.29 | 12.21
Chrozophora tinctoria (L.) Rafin. 33.33 | 0.25 | 2.60 7.80 | 35.29 | 0.30 3.61 | 10.22 | 14.46 | 0.11 0.69 4.79
Alhagi pseudalhagi (Bieb) Desv. 2.08 | 0.06 | 0.57 | 2750 | 17.65 | 0.19 2.58 | 14.60 | 7.23 0.08 0.87 | 12.07
Fabaceae Prosopis farcta (Banksand Sol.) Macbride 1250 | 007 | 084 | 674 | 1765 | 012 | 098 | 556 | g43 | 007 | 0.83 | 9.84
Glycyrrhiza glabra L. 6.25 | 0.03 | 042 6.75 - - - - 2.41 0.01 0.08 3.13
Hibiscus trionum L. - - - - - - - - 4.82 0.08 0.39 8.16

Malvaceae

Malva sp 4.17 | 0.17 | 0.66 | 15.84 | 5.88 0.02 0.21 3.64 2.41 0.01 0.12 5.00
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Malvella sherardiana (L.) Jaub. And Spach. 1458 | 0.34 | 2.04 | 14.02 - - - - 4.82 0.01 0.15 3.13

Cynodon dactylon (L.) Pers 41.67 | 0.70 | 4.86 | 11.66 | 23.53 | 0.39 2.13 9.07 | 31.33 | 0.30 2.08 6.64

Digitaria sanguinalis (L.) Scop. 8.33 | 0.06 | 0.62 7.47 5.88 0.02 0.09 1.54 | 16.87 | 0.20 1.02 6.08

Echinochloa colonum (L.) Link 33.33 | 0.78 | 3.71 | 11.12 | 17.65 | 0.95 2.52 | 1431 | 49.40 | 1.30 9.04 | 18.31

Poaceae Echinochloa crus-galli (L.) P.B. 27.08 | 0.33 | 2.07 766 | 11.76 | 0.49 1.32 | 11.25 | 27.71 | 0.57 295 | 10.65
Elymus repens (L.) Gould 4.2 0.03 | 0.42 | 10.00 - - - - 4.8 0.02 0.52 | 10.82

Setaria verticillata (L.) P. Beauv. 2.08 | 0.02 | 0.47 | 22.35 - - - - 2.41 0.05 0.13 5.33

Sorghum halepense (L.). Pers 95.83 | 2.59 | 28.50 | 29.74 | 82.35 | 1.70 | 20.44 | 24.82 | 95.18 | 2.15 | 24.87 | 26.13

Polygonaceae Polygonum aviculare L. 2.08 | 0.01| 0.10 5.00 - - - - 2.41 0.01 0.09 3.85
Portulacaceae Portulaca oleracea L. 66.67 | 1.83 | 11.50 | 17.26 | 58.82 | 3.20 | 14.88 | 25.30 | 81.93 | 3.26 18.61 | 22.72
Datura stramonium L. 2.08 | 0.01 | 0.17 8.00 | 11.76 | 0.06 0.71 6.06 | 12.05 | 0.12 0.78 6.48

Solanaceae Physalis spp. 91.67 | 1.56 | 14.27 | 15,57 | 82.35 | 1.91 | 18.38 | 22.31 | 95.18 | 2.34 | 16.39 | 17.22
Solanum nigrum L. 52.10 | 0.85 | 5.75 | 11.05 | 64.70 | 0.70 6.90 | 10.77 | 45.78 | 0.67 3.43 7.50

Zygophyllaceae Tribulus terrestris L. 45.83 | 0.46 | 5.32 | 11.60 | 41.18 | 0.55 8.69 | 21.11 | 39.76 | 0.51 3.94 9.92

215




Sier & Tursun, 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(2):209-221

The weed species with a frequency of more
than 50 % in the provinces where the survey was
conducted were S. halepense (95.83 %), Physalis
spp. (91.67 %), X. strumarium (83.33 %), P.
oleracea (66.67 %) and A. retroflexus (60.42 %) in
Diyarbakir; S. halepense (82.35 %), Physalis sp
(82.35 %), A. retroflexus (82.35 %), X. strumarium
(79.0 %) and C. arvensis (64.71 %) in Mardin and
S. halepense (95.18 %), Physalis sp (95.18 %), X.
strumarium (84.70 %), P. oleracea (81.93 %) and
C. arvensis (56.63 %) in Sanliurfa (Table 3).

In the cotton growing areas of Diyarbakir, X.

strumarium (89.30 %), Physalis spp. (61.90 %) and
S. nigrum (58.60 %) of Ozaslan (2011), S.
halepense (73 %), X. strumarium (67 %), S. nigrum
(60 %) and Physalis philadelphica Lam. (53 %) in
Sanliurfa by Arslan (2018), X. strumarium (85.99
%), Physalis sp (84.07 %) and S. halepense in
Mardin (85.99 %) and Physalis spp. (92.13 %), X.
strumarium (89.33 %) and A. retroflexus (73.3 %)
in Sanliurfa by Ozaslan and Biikiin (2013) were
the most common species and were similar to the
species found in our study.

Table 3. Weed species with a frequency of over 50% in surveys of cotton fields in the provinces of Diyarbakir, Mardin and

Sanlurfa
Occurrence Frequency (%)

Weeds Diyarbakir Mardin Sanlurfa
Amaranthus retroflexus L. 60.42 82.35 -
Convolvulus arvensis L - 64.71 56.63
Sorghum halepense (L.). Pers 95.83 82.35 95.18
Physalis spp. 91.67 82.35 95.18
Portulaca oleracea L. 66.67 - 81.93
Xanthium strumarium L. 83.33 79.00 84.70

When analysed according to their density in
the studied fields, it was found that the densest
species were S. halepense with 2.59 weeds/m? in
Diyarbakir, A. retreflexus with 5.10 weeds/m? in
Mardin and C. rotundus with 8.91 weeds/m? in
Sanliurfa (Table 4). ). After these species, the
weed species with the highest density in the
studied fields were: P. oleracea, Physalis spp., X.
strumarium, C. arvensis and E. colonum, and their
densities varied between 1 and 4 weeds/m?.
the the
Southeastern Anatolia region with weed densities
> 1 piece/m?; Uludag and Katkat (1991) reported
that the densities of C. dactylon, S. halepense and

Considering survey studies in

P. olerecea species in the GAP region were 2 to 3
weeds/m?, and Ozaslan (2011) reported that A.
retreflexus, C. rotundus, P. olerecea, Physalis sp, S.
halepense, S. nigrum and X. strumarium in

Diyarbakir had densities between 1 and 3
weeds/m?2. Ozaslan and Bikiin (2013) reported
that the most abundant species in Mardin and
Sanliurfa provinces were determined to be A.
retreflexus, Physalis spp. and X. strumarium with

1 to 3 weeds/m? In addition, in the studies
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conducted by Arslan (2018) in Sanliurfa, the
densities of A. retreflexus, C. arvensis, C. rotundus,
C. dactylon, P. olerecea, Physalis sp, S. halepense,
S. nigrum and X. strumarium were 1 to 10 in per
m2. Pala and Mennan (2019) found that the
density of A. retreflexus, C. arvensis, Physalis spp.,
S. halepense and X. strumarium in the Karacadag
basin was between 1 and 1.5 weeds/m?.

Similar to our results in the southeastern
the the
where cotton production is
al. (1993) Alhagi
spp., C. rotundus, €E.
colonum, H. trionum, P. oleracea, S. verticillata, S.

Anatolia  region, Aegean and
Mediterranean,
et

intensive; Kadioglu

pseudalhagi, Cyperus
nigrum, S. halepense, X. strumarium, C. arvensis,
Prosopis farcta, Boz (2000) A. retroflexus, C.
rotundus and X. strumarium, Kaya and Nemli
(2002) C. dactylon, C. rotundus, C. album, P.
olerecea, S. halepense, Tursun et al. (2004) S.
C. L, S
strumarium, P. oleracea, Setaria spp., Cyperus
rotundus and E. cruss-galli, Ozkil et al. (2019) C.
rotundus and Ipomoea triloba species were

halepense, arvensis nigrum, X.

determined with more than 1 weed/m?.
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Table 4. Weed species with a density of more than 1 weed/m? in surveys of cotton fields in the provinces of Diyarbakir,

Mardin and Sanliurfa

Density (weed/m?)

Weeds Diyarbakir Mardin Sanliurfa
Amaranthus retroflexus L. 1.82 5.10 -
Convolvulus arvensis L - - 1.80
Cyperus rotundus L. 2.06 2.07 8.91
Echinochloa colonum (L.) Link - - 1.30
Sorghum halepense (L.). Pers 2.59 1.70 2.15
Physalis spp. 1.56 191 2.34
Portulaca oleracea L. 1.83 3.20 3.26
Xanthium strumarium L. 2.25 1.93 2.21

When the weeds found in the studied cotton
fields were evaluated according to their specific
and general cover area, it was found that S.
halepense in Diyarbakir and A. retroflexus in
Mardin had the highest specific and general cover
area, while the highest specific cover area was
found in C. rotundus and the highest general
cover area was found in S. halepense in Sanlurfa
(Table 2). Similar to our study, Boz et al. (1995)
found S. halepense in the GAP Region, Sahin et al.
(2020) determined C. arvensis, P. oleracea, S.
halepense and X. strumarium in Igdir, Ozkil et al.
(2019) found C. I. tribola and S.
halepense species had the highest coverage area

rotundus,

in Antalya.

During the surveys in the cotton growing areas
in the region where our study was conducted, it
was found that the prevalence rates of S.
halepense, X. strumarium and Physalis spp., which
are the most common species, were of over 80%.

Comparing these species with the surveys
conducted in the Southeast Anatolia region in the
last 30 years. In the study conducted by Biikin
(2005) in 1996 and 2004 to determine the
changes in weed flora in the last decade after
irrigation in the cotton growing areas of Harran
Plain, it was found that the frequency of
occurrence of S. halepense increased from 23.63%
to 60.00% and X. strumarium from 56% to 72%.
Arslan (2018) stated that the most common
species in the changes in weed flora in Sanhurfa
and Southeastern Anatolia Region were S.
halepense, X. strumarium and Physalis spp. and
found that the prevalence rates of these weeds
were over 60, 70 and 80%, respectively, in the last

twenty years. Pala and Mennan (2019), in their
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surveys of cotton fields in the Karacadag Basin,
found that the prevalence of S. halepense was
72%, X. strumarium 86% and Physalis spp. 56%,
and the results of the study showed that the
prevalence of these weed species is increasing in
the region.

During the surveys in the cotton fields of
Diyarbakir, Mardin and Sanliurfa provinces in the
Southeast Anatolia region, it was found that weed
species and densities vary depending on the
province. The reason for this variation is that the
dominance level of weed species varies according
to location and cultivated product, and some
weed species that are heavily infested in some
regions may not have the same level in other
locations (Tena et al., 2012). In addition, the
surveys have shown that the occurrence and
density of some important species and other
species vary across the region. It is assumed that
the main reasons for this variability are irrigation
and control methods (Bikiin, 2005).

It is predicted that the prevalence of S.
halepense, X. strumarium and Physalis spp. will
increase when agricultural land is opened to
irrigation under the GAP project. Studies have
shown that the density of these species increases
in agricultural areas due to the effects of
irrigation and that these species develop faster in
a humid environment (Mennan and Isik, 2003;
Bikiin and Uygur, 2003; Bikin, 2005). It has been
reported that the occurrence and density of
Physalis spp. increased compared to before,
especially after 1995 and 1996 when the Harran
Plain was irrigated, and that the increase of this
species may have been contaminated with seed
material in the Harran Plain and spread rapidly to
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fields that were not contaminated with irrigation
water (BuUkiin and Uygur 2003; Biikiin, 2005;
Arslan, 2018). Another factor that plays an
important role in weed flora is crop rotation.
Different crops can be grown in crop rotation and

the adaptation of certain species can be
prevented by using different herbicide
applications and different cultural control

methods in the control of weeds in different
crops (Bukin and Uygur, 2003; Bikiin, 2005;
Serim et al., 2023).

When comparing the results of our survey
studies with the survey results carried out in the
region over the last 30 years, it was found that
there were significant changes in weed species
and densities. In the cotton field surveys, it was
found that the frequency of occurrence of
Amaranthus palmeri L., one of the invasive weed
species, was 11.76% in Mardin and about 10% in
Sanliurfa. A. palmeri is a weed species of
American origin and was first sighted in Tirkiye in
2014 in the east of Adana, Hatay and Osmaniye
(Eren et al., 2016). In the Southeastern Anatolia
region, it was first sighted in 2017 by Ozaslan et
al. (2017) in cotton and maize fields in Mardin,
and in the surveys conducted by Turan (2019) in
cotton and maize fields, it was found that the
frequency of occurrence was 16.29%. It has been
determined that the prevalence of this invasive
species is increasing every year in agricultural and
non-agricultural areas and will cause problems in
certain regions (Ozaslan et al., 2017; Turan, 2019;
Sirri, 2022). In our study, the prevalence of this
invasive species was found to have increased in
Sanliurfa cotton fields. It was found that the
prevalence of Ipomoea spp., one of the other
invasive species identified in the region, was over
10% in Diyarbakir and Sanhurfa, while C. melo
species was found in all three provinces where
the survey was conducted and prevalence rates
varied between 11% and 36%. In the surveys
conducted by Arslan (2018) in cotton fields in
Sanlurfa, it was found that these two species
identified for in the
Southeastern their
prevalence rate was below 10%. It has been

were the first time

Anatolia Region and
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reported that studies should be conducted on the
spread, distribution and control of the weed
species Ipomoea triloba L., Amaranthus palmeri L.
and Cucumis melo, which pose a threat to cotton
fields, and measures should be taken to prevent
the spread of these species (Yazlik et al, 2014;
Yazlk et al. , 2018; Ozkil et al, 2019; Serim et al.,
2023).

One of the factors causing changes in the weed
flora is global climate change. It is said that the
basic climate variables, the increase in CO; levels
and the resulting changes in global temperature
and precipitation will increase the invasion
success of many weed species due to their
proliferation, spread and development (Sorte et
al, 2013; Manea et al, 2016; Varanasi et al, 2016;
Fernandino et al, 2018). In our study, the weed
species C. tintoria and P. farcta were found to
have increased in the Southeastern Anatolia
region. It is thought that this increase may be
influenced by both climate change and other
factors. Similar to our results, Serim et al. (2023)
found that changes in the weed flora in cotton
fields in the eastern Mediterranean region of
Turkiye caused an increase in the average
temperature of C. tintoria, P. farcta and S.

halepense species.
Conclusion

Surveys carried out in the cotton growing areas
of the Southeast Anatolia Region revealed that
the occurrence and density of weed species have
With the
agricultural land in the region, cropping patterns

increased. increase in irrigable
and the crop rotation system have changed.
Changes in the crop rotation system and changes
in cultural, mechanical and chemical weed control
can lead to differences in the weed flora. The use
of post-emergence herbicides against broadleaf
weeds in cotton is limited but not effective. It is
that the

broadleaf weeds such as A. palmeri, Physalis spp.

therefore predicted incidence of
and X. strumarium will increase. Effective control
methods need to be developed to prevent the
damage caused by invasive species that are
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spreading rapidly on agricultural land, pastures,
dams and biodiversity. During the observations in
the cotton fields, it was found that irrigation and
planting methods had a significant impact on the
weeds and that the weed problem decreased in
the areas where drip irrigation and ridge planting
were applied. It has been shown that drip
irrigation is more successful than flood irrigation
method all weed control applications
(Hakoomat et al. 2017). It is believed that the use

of sprinkler and drip irrigation systems instead of

in

overhead irrigation, especially in cotton
cultivation, can reduce the spread of weed
species.

As a result of the study, it is necessary to
continuously monitor the occurrence and density
of weed species in the cotton growing areas of
the region and conduct detailed studies on the
biological characteristics of these species,
alternative control methods, determination of the

economic level threshold and the critical period.
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ABSTRACT

Weed-insect interaction has been studied for decades to determine the role of weeds in
insect infestation. This study investigated the impact of weed density on the population
density of important leafhopper species (Cicadellidae: Hemiptera) and their egg parasitoid
Anagrus atomus (L.) (Hymenoptera: Chalcidoidea) in maize (Zea mays L.) planted as second
crop in Sanhurfa province, Tirkiye during 2022 and 2023. Population densities of harmful
leafhopper species, i.e., Zyginidia sohrab (Zachvatkin), Empoasca decipiens (Paoli),
Asymmetrasca decedens (Paoli), Psammotettix striatus (Linnaeus), and their parasitoid, i.e. A.
atomus were monitored by yellow sticky traps (RAL-1016) under weedy and weed-free
conditions. Three traps were hung in each experimental unit and the densities of target
species were recorded weekly. The population densities of leafhopper species feeding on
Sorghum halepense (L.) (Johnsongrass) and the effect of A. atomus on their population
density were also determined in weedy treatment. A total 15 maize leaves were taken from
both weedy and weed-free treatments, and S. halepense leaf tissues containing leafhopper
eggs parasitized by A. atomus were counted weekly.

Weed density had non-significant effect on the population density of Z. sohrab during both
years. Contrastingly, increasing weed density increased the population density of E. decipiens
& A. decedens complex in 2022. Nevertheless, weed density had non-significant effect on the
population density of E. decipiens & A. decedens complex during 2023. Weedy treatment
recorded higher population density of P. striatus (140 and 100 adults, respectively); however,
both weedy and weed-free treatments recorded similar density (125 and 97 adults) during
2023. Weed density proved a significant factor in increasing A. atomus density. A total of
2935 parasitized eggs were recorded from the weedy treatment, whereas 1609 parasitized
eggs were recorded from weed-free treatment. Although direct relationship between
leafhoppers and weed density remains uncertain, integrated pest management strategies
must consider phytophagous insects feeding on weeds at field edges and within fields and
the natural enemy complex.

Key Words: Sticky trap, density, pest, parasitoid, johnsongrass
0z

Yabanci otlar ile zararli bocekler arasindaki etkilesim yillardir yabanci otlarin bocek
istilasindaki roliinii belirlemek icin incelenmektedir. Bu ¢alisma ikinci Griin misirda (Zea mays
L.) yabanci ot yogunlugunun 6nemli yaprakpireleri (Cicadellidae: Hemiptera) ile bunlarin
yumurta parazitoiti Anagrus atomus (L.) (Hymenoptera: Chalcidoidea)’'un popilasyon
yogunluguna etkisinin belirlenmesi amaciyla Sanliurfa ilinde 2022 ve 2023 vyillarinda
yuratulmustir. Calismada zararli yaprakpireleri, Zyginidia sohrab (Zachvatkin), Empoasca
decipiens (Paoli), Asymmetrasca decedens (Paoli), Psammotettix striatus (Linnaeus.), ile A.
atomus’un popllasyonu yapiskan tuzaklar (RAL-1016) ile yabanci otlu ve yabanci ot
icermeyen kosullarda izlenmistir. Her deneme alanina 3’er adet sari yapiskan tuzagi asilarak
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hedef tirlerin yogunluklari haftalik olarak kaydedilmistir. Yabanci otlu deneme alaninda Sorghum halepense (L.) (Kanyas) lizerinde
beslenen yaprakpiresi tirleri ve A. atomus’un popilasyon yogunluguna olan etkiside ayrica belirlenmistir. Toplamda her iki
deneme alanindan haftalik olarak 15 adet misir yapragl ve S. halepense yapragi alinarak yaprak dokusu icinde A. atomus
tarafindan parazitlenmis yaprakpiresi yumurtalari sayilmistir.

Yabanci ot yogunlugunun her iki yilda Z. sohrab’in popilasyon yogunlugu tizerinde anlamli bir etkisinin olmadigi, buna karsin E.

decipiens & A. decedens kompleksi popilasyonunu artirdigi gortlmistir. Ancak, 2023 yilinda yabanci ot yogunlugunun E.
decipiens & A. decedens kompleksi popilasyon yogunlugu lizerinde anlamli bir etkisi bulunmadigi kaydedilmistir. Psammotetix
striatus popllasyonu 2022 yilinda yabanci otlu deneme alanlarinda daha fazla bulunmus (sirasiyla 140 ve 100 ergin), buna karsin
2023 yilinda ise 6nemli bir fark goriilmemistir (125 ve 97 ergin). Yabanci yogunlugunun A. atomus’un yogunlugunu 6nemli 6lglide
artiran bir faktor oldugu kaydedilmistir. Yabanci otlu deneme uygulamasindan toplamda 2935 adet parazitlenmis yumurta
kaydedilmis, buna karsin yabanci otsuz alanda toplamda 1609 adet parazitlenmis yumurta kaydedilmistir. Yabanci ot yogunlugu ile
yaprakpireleri arasindaki dogrudan iliski belirsiz olsa da, tarla kenarinda ve igcinde bulunan yabanci otlar lizerinde beslenen fitofag
bocekler ile dogal diusman kompleksine gore entegre zararli yonetim stratejilerinin uygulanmasinin dogru olacagi
disunilmektedir

Anahtar Kelimeler: Yapigkan tuzak, yogunluk, zararli bécek, parazitoit, kanyas

Introduction where maize is intensively cultivated as main and
second crop (Mutlu et al.,, 2008b). The most
Pests are a significant hurdle to the abundantly observed species are Zyginidia sohrab
productivity and quality of agricultural crops. (Zzachvatkin),  Empoasca  decipiens  (Paoli),
(Manosathiyadevan et al., 201). The Cicadellidae = Asymmetrasca decedens (Paoli), and
(Hemiptera) family consisting of leafhoppers is = Psammotettix striatus (Linnaeus) (Mutlu et al.,
prominent among these pests infesting various 2008a; Atmaca et al., 2021). Zyginidia sohrab is
crops (Maramorosch and Harris, 1979). The prevalent during the initial phenological stage (2-4
Cicadellidae species are either monophagous or leaf) of second crop maize, leading to significant
polyphagous and cause significant economic crop damages to seedlings (Mutlu et al., 2008a; Mutlu
losses by damaging different phenological stages and Sertkaya, 2015a). It has been emphasized that
of maize plants (Mutlu et al., 2008a). The damage some narrow-leaved weed species (i.e.,
primarily results from the insect feeding on plant  Johnsongrass, cockspur grass, bermuda grass, and
sap and the clogging of the vascular tissues by nutgrass) found along the edges and inside field
toxic substances secreted by insects into the of main and second crop maize significantly
plant, which obstruct the transport of nutrients increase in leafhopper populations (Mutlu et al.,
within the plant. Additionally, some species act as 2008a; Mutlu and Sertkaya, 2015a; Baran Yazici et
vectors for plant virus diseases, resulting in al., 2023).
significant economic losses (Nielson, 1985; Nault Weed-insect interaction has been a rich topic
and Ammar, 1989; Backus et al., 2005; Paradel et of interest for decades. Weeds infesting cultivated
al., 2014). Leafhoppers are regarded as an fields serve as hosts for harmful insects, and
important pest group in agricultural production simultaneously play a crucial role in supporting
and require effective management measures the populations of beneficial insect species (Norris
(Mutlu and Sertkaya, 2015a; Ersin et al., 2017). and Kogan, 2000). Andow (1983) reported that
Several studies have investigated the bioecology, higher plant diversity in agricultural ecosystems
biology, and economic damage thresholds of increases the densities of phytophagous insect
species belonging to the Cicadellidae family in species and their natural enemies (parasitoids and
Tarkiye (Mutlu et al.,, 2008b; Yimaz and predators). Weeds continuously persist in
Karsavuran, 2010; Mutlu and Sertkaya, 2015b; agroecosystems and could not be eradicated;
Kilig and Sertkaya, 2019; Akmese and Sertkaya, therefore, harmful insect species continuously
2021, Baran Yazici et al.,, 2023). More than 27 persist on the weeds. Hence, harmful insect
species of leafhoppers have been identified in the populations prevailing on the weeds should be
Southeastern Anatolia region of the country, considered while designing pest management
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programs (Schellhorn and Sork, 1997). A complex

relationship exists between leafhoppers and
weeds (Van Emden, 1981). Weeds can increase
the population density of harmful leafhoppers
(Oloumi-Sadeghi et al., 1987; Paradel et al., 2014),
nevertheless this relationship is not precisely
symbiotic (Van Emden, 1981). Leafhoppers can
plants,

higher densities of leafhoppers are recorded in

damage several including weeds and
the areas with higher weed infestation (Mutlu and
Sertkaya, 2015b). Weeds provide feeding habitat
to leafhoppers, leading to a significant increase in
their density (Oloumi-Sadeghi 1987;
Marques et al., 2012)

The interaction between leafhoppers and weed

et al,

density has not been directly studied. However,
some studies have investigated the interactions
between weeds, arthropod pests, and their
natural enemies (Altieri and Whitcomb, 1979;
Sadeghi et al.,, 1989; Norris ve Kogan, 2000;
Barbercheck and Wallace, 2021). It is suggested
that weeds can serve as alternative hosts for
beneficial insects, which indirectly affects the
density and distribution of arthropod pests,
including leafhoppers (Altieri and Whitcomb,
1979; Sadeghi et al., 1989; Norris and Kogan,
2000).

Although the direct
leafthoppers, weed species and their densities

relationship between

remains uncertain, weeds and other
environmental factors can affect the abundance
and distribution of leafhoppers and their egg
parasitoids in agricultural ecosystems. Hence, the
major objective of the current study was to
investigate the impact of narrow-leaved weeds
(present along the edges and within second crop
maize fields) on the population density of
important leafhopper species and their egg

parasitoid, A atomus , in maize plants.

Materials and Methods

Materials

The materials used in the study consisted of
second crop maize plants, leafhopper species (Z
sohrab, A. decedes & E. decipiens, P. striatus), egg
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parasitoid A. atomus, plexi glas yellow sticky traps
with RAL code 1016 (20x25 cm dimension), insect
adhesive glue (Tangle-Trap), magnifying glass with
light and stand, 1.5 m iron rods, microscope, and
other laboratory equipment.

Methods

The effect of weeds on leafhopper populations
and their parasitoid Anagrus atomus in second
crop maize

This study was conducted at Bulyukdrdek
village situated in the central district of Sanlurfa
province. The village is well known for widespread
cultivation of both main and second-crop maize.
The experimental field (coordinates: 37.373164
°N, 38.662934 °E) covered a 50-decare planted
with second crop maize during 2022 and 2023.
The experiments were set up according to
randomized complete block design with two
treatments, i.e., weedy, and weed-free. The
experimental blocks (50m x 10m) were divided
into two parts, i.e., weedy, and weed-free. At least
50-meter distance was maintained between the
blocks. Herbicide Ghibli (Syngenta) (220 g/L
Dicamba & 50 g/L Nicosulfuron active ingredients)
was applied at the rate of 1200 ml per hectare in
weed-free treatment with a field sprayer during
the 2-4 true
Furthermore, weeds emerging after irrigation

leaf stage of maize plants.

were manually eliminated from the weed-free
treatment. It was observed that the inter-row
spaces of maize plants were mostly occupied by
Johnson grass (Sorghum halepense (L), purslane
(Portulaca oleracea L.), and nutgrass (Cyperus
rotundus L.) in weed-free treatment.

Three yellow sticky traps coated with insect
adhesive glue (Tangle-Trap) were hung on iron
rods at a height of ~1 meter above the ground in
both treatments (Mutlu and Sertkaya, 2015a). The
sticky traps were replaced weekly with new ones,
and the leafhoppers (Z. sohrab, A. decedens & E.
decipiens and P. striatus) stuck to both sides of the
traps were counted using magnifying glass with
light and stand.

Additionally, the number of adult A. atomus



Kaplan Yavuz et al., 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(2): 222-234

individuals adhered to the yellow sticky traps was
carefully counted to determine the weekly
population density of the parasitoid. Moreover, 15
leaves were collected from maize plants in each
treatment, and the leafhopper eggs parasitized by
A. atomus within the leaf tissue were counted
(Mutlu and Sertkaya, 2015b). Simultaneously, 15
leaf samples from S. halepense were randomly
the
presence of parasitized eggs within the leaf tissue

collected from weedy treatment, and
was determined. The weekly collected data were
analyzed by one-way analysis of variance (ANOVA)
1997) to
weedy and weed-free

technique (Steel et al., infer the

differences between

treatments for leafhopper and parasitoid density.
The means were compared by the least significant

700
600
500
400 4.
300
200

100

Zyginidia sohrab individuals/trap

- = - Weed-free

difference (LSD) post-hoc test. The analyses were
conducted on SPSS statistical software version
20.0 (IBM SPSS 2012).
representation of the data was performed using

Inc., The graphical

Microsoft Excel program in Office 365 version.

Results and Discussion

The effect of weed infestation on leafhopper
populations and their parasitoid Anagrus atomus
in second crop maize

The
leafhopper species recorded from weedy and
weed-free treatments during 2022 and 2023 are

population densities of important

presented in Figures 1-4.
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Figure 1. The influence of weed infestation on population density of Zyginidia sohrab in second crop maize

during 2022 (A) and 2023 (B).

A total of 469 and 378 Z. sohrab adults were
trapped by yellow stick traps from weedy and
weed-free treatments, respectively during the
second week of July 2022. The population density
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in weedy treatment was significantly higher than
weed-free treatment until the third week after
hanging of traps (August 1, 2022). Afterwards,
higher population density of Z sohrab was
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recorded in weed-free treatment than weedy
plots. Population density of Z. sohrab in weed-
free plots was 243 and 234.3 adults/trap,
respectively during the second and third weeks of
(12.09.2022-19.09.2022).
the density in weedy plots was 136 and 95.3

September However,

adults/trap during the second and third weeks,
Z
density was noted in weed-free treatments than

respectively. Subsequently, higher sohrab

in weedy plots (Figure 1).

= > - Weed-free

400
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)]

The monitoring started in early August during
2023 because the trials were established later
than 2022. A total of 793 and 694 Z sohrab
individuals were recorded from weedy and weed-
free treatments during first week. Afterwards,
higher Z. sohrab was noted in weed-free plots
than weedy plots. A higher number of Z. sohrab
individuals were recorded in weedy treatments
only in mid-September (17.09.2023) than weed-
free treatment (Figure 1).
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2. The influence of weed infestation on population density of Empoasca decipiens & Asymmetrasca

decedens complex in second crop maize during 2022 (A) and 2023 (B)

A similar number of E. decipiens & A. decedens
adults (7 individuals per trap) were observed in
the traps placed in weedy and weed-free plots
(11.07.2022).
Afterwards, the population density in weedy plots

during second week of July
was significantly higher than in weed-free plots
until the third week after trap installation
(01.08.2022). The population of E. decipiens & A.
decedens in the weed-free plots during the 7%,
11t 13t and 16t weeks was 40, 108, 93, and
117 adults/trap, respectively, while the density in

weedy plots was 21, 92, 70, and 99 adults/trap,
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respectively during the same weeks (Figure 2).
The population density of E. decipiens & A.
decedens was lower in 2023 compared with 2022.
On average, 15 individuals were captured in the
traps from the weedy treatments, while 12
individuals of E. decipiens and A. decedens were
found in the traps from the weed-free plots.
Subsequently, population density of E. decipiens &
A. decedens was greater in weed-free compared
to weedy treatment. A greater number of E.
decipiens & A. decedens individuals were found in
weed-free treatments than weedy treatments
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during first and second weeks of October (Figure
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Figure 3. The influence of weed infestation on population density of Psammotettix striatus in second crop
maize during the 2022 (A) and 2023 (B)

An average of 19 P. striatus adults were
recorded from weed-free treatments, while 15 P.
striatus adults were recorded from weedy
treatments during the second week of July in
2022. Afterwards, the population density in the
weed-free plots was significantly higher than
weedy plots until the 7" week (22.08.2022). The
population density of P striatus in weedy
treatment (13 adults/trap) on August 29,2022 was
higher than weed-free treatment (6 adults/trap).
Likewise, population density of P. striatus in the

weedy plots was 6 and 3 adults/trap, respectively,
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while it was 3 and 1 adults/trap in weed-free plots
during the first and second weeks of October
(03.10.2022-10.10.2022).

Population density of P. striatus in 2023 was
higher than 2022. However,
considerably lower than other leafhopper species.

its density was

A total 52 adult P. striatus were recorded from the
weed-free treatments during the first week
(6.8.2023), while 24 adults were determined in
weedy plots. Subequently, P. striatus density was
higher in weed-free plots than weedy during 4t",
6th, 7th, 8t and 10% sampling weeks (Figure 3).
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Figure 4. The influence of weed infestation on population density of Anagrus atomus in second crop maize

during 2022 (A) and 2023 (B)

An average of 218 A. atomus adults were
recorded from weedy treatment, whereas 65 A.
atomus adults were recorded from the weed-free
treatments during second week of July 2022.
Population density of A. atomus in weedy plots
was substantially greater than weed-free plots
during 5" week (August 15, 2022). Afterwards,
population density was higher in weed-free
treatments than in weedy treatments except for
the 13™ week (10.10.2022) (Figure 4). A total
4596 A. atomus adults were recorded from weedy
treatment, while 4030 adults were noted from
weed-free treatment during the whole study
period.

Unlike 2022, 62 individuals were recorded from
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weedy treatment during first week after trap
2023, while 64 A.
were  noted

installation in atomus

individuals from  weed-free
treatments. Subsequently, A. atomus density was
higher in the weedy plots than in the weed-free
plots. A higher density was recorded in weedy
treatment than weed-free treatment only at the
beginning of October (01.10.2023) (Figure 4). A
total of 1018 A. atomus adults were noted from
while 1176 adults

recorded from weed-free treatment during 2023.

weedy treatment, were

The number of leafhopper eggs parasitized by A.
atomus sampled from maize and S. halepense
leaves within the weedy and weed-free
treatments are presented in Figure 5.
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Figure 5. The influence of weed infestation on number of parasitized leafhopper eggs by Anagrus atomus in
second crop maize in weedy and weed free treatments (A), and the number of parasitized leafhopper
eggs in Sorghum halepense leaves (B) during 2022

A total of 114 parasitized eggs (with an average
of 7.6 parasitized eggs per leaf) were identified in
the weedy treatments in the first week, whereas
52 eggs (with an average of 3.5 parasitized eggs
leaf)
treatments. The number of parasitized leafhopper

per were observed from weed-free
eggs in the weedy treatments was generally
higher than in the weed-free plots. However, a
higher number of leafhopper eggs parasitized by
A. atomus were recorded in the weed-free
treatments compared to the weedy plots during
the first week of August 14™ week close to
harvest (17.10.2022) and 15% week (24.10.2022)
(Figure 5A).

A significant number of parasitized leafhopper
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eggs were determined from S. halepense leaves in
weedy treatment. A total of 29 parasitized eggs
were recorded in the leaves of S. halepense in the
first week of study, which increased in the
following weeks. No parasitized leafhopper eggs
were found in leaf samples collected in the
second, third, and fifth weeks of counting (Figure
5B). A total of 494 parasitized eggs were recorded
during the study. A total of 2437 A. atomus
individuals were detected from in the weedy
treatments, whereas this number was 1609 in
weed-free plots.

The analysis of variance table for the weekly
and A.
atomus in both trial field is provided in Table 1.

population densities of leafhoppers
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Table 1. Analysis of variance (p values) for the effect of weed infestation (weedy and weed-free) on population densities of
Zyginidia sohrab, Empoasca decipiens & Asymmetrasca decedens and Psammotettix striatus in second crop maize.

Weeks Zyginidia sohrab E. decipiens & A. decedens = Psammotettix striatus Anagrus atomus
2022 2023 2022 2023 2022 2023 2022 2023
P degeri
Hafta 1 0.38 0.66 1.00 0.39 0.71 0.05 0.03 0.97
Hafta 2 0.10 0.58 0.47 0.48 0.10 0.21 0.26 0.51
Hafta 3 0.44 0.16 0.03* 0.68 0.03* 0.23 0.22 0.03*
Hafta 4 0.17 0.99 0.71 0.13 0.08 0.06 0.05 0.62
Hafta 5 0.00* 0.12 0.00* 0.52 0.02* 0.08 0.28 0.59
Hafta 6 0.03* 0.30 0.35 0.47 0.96 0.08 0.06 0.12
Hafta 7 0.03* 0.48 0.35 0.00* 0.21 0.24 0.03* 0.03*
Hafta 8 0.97 0.13 0.15 0.00** 0.16 0.13 0.04* 0.06
Hafta 9 0.24 0.34 0.04* 0.34 0.49 0.12 0.01 0.23
Hafta 10 0.10 0.02* 0.61 0.56 0.00* 0.51 0.22 0.03*
Hafta 11 0.19 - 0.76 - 0.02* - 0.01* 0.97
Hafta 12 0.14 - 0.00* - 0.32 - 0.04* -
Hafta 13 0.31 - 0.28 - 0.10 - 0.47 -
Hafta 14 0.40 - 0.33 - 0.33 - 0.01* -
Hafta 15 0.06 - 0.02* - 0.65 - 0.00* -
Hafta 16 0.02* - 0.56 - 0.04* - 0.02* -
Total 0.52 0.27 0.01 0.73 0.04 0.05 0.08 0.08

*The differences between weedy and weed-free treatmens were statistically significant during the relevant sampling week (P

<0.05)

**Sampling weeks started from 11 July and 16 August during 2022 and 2023, respectively

Statistically significant variations were recorded
in the numbers of leafhoppers and the parasitoid
recorded from weedy and weed-free treatments
during different sampling weeks. Zyginida sohrab
had a notable population density during the 5%,
6th 7t and 16™ weeks of 2022. However, non-
significant differences were recorded between
weedy and weed-free treatments for population
density in other weeks. No statistical difference

was observed during all weeks except for the last
week of 2023. A similar data was observed for
other leafthopper species and A. atomus.

the
leafhopper and parasitoid individuals recorded

Table 2 presents total number of

from weedy and weed-free treatments during
2022 and 2023.

Table 2. The influence of weed infestation (weedy and weed-free) on population densities of Zyginidia sohrab, Empoasca
decipiens & Asymmetrasca decedens, and Psammotettix striatus in second crop maize during 2022 and 2023

Weed status 2022 2023
Zyginidia sohrab

Weed-free 4172 a* 4811 a

Weedy 3994 a 3996 a

Empoasca decipiens & Asymmetrasca decedens
Weed-free 1508 a 324 a
Weedy 1175b 315a
Psammotettix striatus

Weed-free 140 a 125a

Weedy 100 b 97 a
Anagrus atomus

Weed-free 1343 a 392a

Weedy 1532 a 339a

* The means followed by similar letters within a column do not differ significantly from each other (P>0.05).

The study revealed that weed infestation did
not have a significant impact on the population
density of Z. sohrab in both years (Table 2). The
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presence of weeds was associated with a notable
increase in the population density of E. decipiens

& A. decedens species. However, it was
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documented that there was no notable impact
observed in 2023 (Table 2). Similarly, more P.
striatus individuals were recorded from weedy
treatments than weed-free treatment in 2022.
Statistical analysis also revealed that A. atomus
belonged to the same group in both years, and
that the density and type of weeds did not have a

major role in increasing the parasitoid's
population.
The study findings indicated that weed

infestation in second crop maize did not lead to an
increase in the population of signifcant harmful
leafhoppers. Contrastingly, Mutlu et al. (2016)
observed that weeds increased the population of
cicadellids in rice fields as 71.4% of individuals
were recorded from weedy fields, whereas 28.6%
were noted from weed-free fields. On the other
hand, Paradell et al. (2014) reported that weeds
resulted in significantly higher leafhopper species
from rice fields. Similar studies in different crops
have reported that certain weeds (such as
Johnson grass, purslane, nutgrass and common
cocklebur) significantly increase the population of
Cicadellidae, indicating the necessity of weed
control (Andow, 1992; Oloumi-Sadeghi et al.,
1989; Margues et al., 2012; Mutlu and Sertkaya,
2015a). In contrast, Sadeghi et al. (1989) noted
that winter herbicide application in potatoes had
no effect on the density of the potato leafthopper,
Empoasca fabae (Harris), whereas summer
herbicide application increased the density of E.
fabae.

The direct interaction between leafhoppers
and weed infestation has not been investigated in
these studies, but some studies examined the
interactions between weeds, arthropod pests, and
their natural enemies in managed ecosystems
(Way 1977; Perrin and Phillips, 1978; Altieri and
Whitcomb, 1979; Norris and Kogan, 2000). It is
well-known that a region's weed species and
population not only serve as food sources, shelter,
overwintering grounds, and reproductive sites for
phytophagous and other insects, but also enhance
their population (Southwood and Way, 1970;
Altieri, 1999). Nevertheless, weed-free plots had a

lower population density of the most widespread
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species, i.e., Z. sohrab in the current study.

It is thought that adult females of Z sohrab
feeding on S. halepense deposit eggs into the
tissue of S. halepense leaves and subsequently
these eggs are parasitized by A. atomus which
suppress Z. sohrab density. Mutlu and Sertkaya
(2015a) have stated that both the adults and
nymphs of Z. sohrab intensively feed and lay eggs
in S. halepense leaves, which increases population
density of Z. sohrab. Additionally, Z. sohrab eggs
were parasitized by A. atomus on S. halepense
leaves; however, rate not
reported.

number of Z sohrab eggs parasitized by A.

parasitism was

In the current study, a significant

atomus were found within the leaf tissue of S.
halepense sampled from weedy treatment. It is
thought that the population density of Z. sohrab is
higher in the weedy plots than in weed-free plots.
parasitoid
population in weedy plots. The total numbers Z

However, suppresses leafhoppers
sohrab individuals recorded on weedy and weed-
free treatments were quite similar. Nevertheless,
A. atomus density recorded weedy treatment and
parasitoid obtained from S. halepense was
significantly higher than weed-free plots. The
parasitoid has a negative impact on the Z. sohrab
population in weedy plots because it parasitizes
many eggs, where the population of Z. sohrab is
high. Supporting our hypothesis, Blaix et al. (2018)
stated that the most common contribution of
weeds to reducing pest insect populations occurs
by providing resources to natural enemies in
agricultural areas.

Several studies have demonstrated that the
egg density of leafhoppers in a crop has a
significant impact on parasitism rate, with higher
egg densities leading to increased parasitism rates
(Segoli and Rosenheim, 2013; Mutlu and Sertkaya,
2015b; Li et al., 2018; Torres-Moreno and Moya-
Raygoza, 2020). According to reports, A. atomus
attempts to suppress Z. sohrab by parasitizing its
eggs at a high rate (50.2% to 93.7%) in second
(Mutlu 2015b).
Parasitization of eggs within the leaf tissue of S.

crop  maize and Sertkaya,

halepense by A. atomus reduced the population
density of Z. sohrab, even though an increase in
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the population of Z. sohrab adults feeding and
laying eggs on S. halepense was expected in the
weedy treatment inthe current study. Andow
(1983) has suggested that the diversity and
density of plant cover in agricultural ecosystems
tend to increase populations of herbivorous
insects and their natural enemies. It has been
mentioned that weeds a greater threat to harmful
insect species than beneficial ones and that
weeds cannot be completely
(Schellhorn and Sork, 1997).

Similar results have been obtained in other

eradicated

leafthopper species besides Z. sohrab. A higher
density of E. decipiens & A. decedens complex was
recorded from weed-free treatments in the first
year. These species are generally reported to feed
on cocklebur (Xanthium strumarium L.), a weed
commonly found within and on the edges of
fields, apart from maize and cotton (Mutlu et al.,
2008a). However, in this study, the absence of
the
strengthened the assumption that E. decipiens &

cocklebur in weedy treatment has
A. decedens complex density was higher in weed-

free plots. Psammotettix striatus has been
recorded as having the lowest population density
on the maize plants in the current study. Previous
studies conducted in different areas revealed that
this exhibits

population in maize fields when compared to

species a comparably small
other leafhopper species (Mutlu et al., 2008a;
Akmese and Sertkaya, 2021; Atmaca et al., 2021;
Baran Yazici et al., 2023). Additionally, it has been
that P
phytoplasma diseases as well as Wheat Blue
Dwarf Virus (WBD) and Russian Mosaic Virus of
Winter Wheat (WWRMV) in wheat (Mutlu et al.,

2023). It is known that this species is generally

reported Striatus  carries some

abundant in cotton fields and migrates to second-
crop maize later (Mutlu et al., 2008a). Therefore,
the population of P. striatus was very low as in
2022, and weed infestation had a positive effect
on its population density.

Although
leafhoppers and weed infestation remains elusive,

direct relationship between
it is believed that weeds and other environmental

factors may indirectly influence the density and
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distribution of leafhoppers and their natural
enemies in agricultural ecosystems. Even though
the association of weeds with phytophagous
insects may pose a disadvantage in terms of pest
management, it is essential not to overlook the
significant role of weeds in preserving

it believed that

identifying phytophagous insect species feeding

biodiversity. Therefore, is
on weeds both within and around crop fields,
along with their natural enemies, and effective
weed management strategies are essential for
maintaining pest control and promoting biological
control in agricultural ecosystems.

Conclusions

The study concludes that weed infestation
(especially johnsongrass) in second-crop maize
fields had non-significant effect on population
densities of harmful leafhoppers. It was noted
that the most abundant species (Z. sohrab) has a
the
sohrab eggs are effectively

lower density in weedy treatment.
Furthermore, Z
parasitized by A. atomus in weed treatment. As a
result, this leads to a decrease in the population
of leafhoppers in the weedy treatment. The
densities of E. decipiens & A. decedens and P.
striatus varied between years, and higher
densities were recorded in weedy treatment
during 2022. Besides, diversity of weed species
have a positive effect on the population of A.
atomus, and parasitoid population was higher in
than

Understanding the complex interactions between

weedy treatment weed-free  plots.

weeds and leafhoppers is important for
developing effective pest management strategies.
It is concluded that weed control should be
designed considering the weeds providing food,
shelter, alternative prey, and hosts for beneficial

insects.
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ABSTRACT
To cite this article:
ince, G. Soylu, M. & A substrate composition experiment was carried out to utilize the waste parts of
Gomlekgioglu, N. (2024). certain plants for cultivation of Ganoderma lucidum, a medicinal mushroom.
Effects of cultivation Ganoderma mycelium (millet spawn) provided by the Atatiirk Horticultural Central
substrate composition on Research Institute (Yalova, Turkiye). Nine (9) different substrate recipes were used in
biological productivity and this study; S1: 40% sawdust + 40% chickpea stalk + 20% bran, S2: 60% sawdust + 20%
quality parameters of chickpea stalk + 20% bran, S3: 40% sawdust + 40% pea stalk + 20% bran, S4: 60%
Ganoderma Lucidum. Harran sawdust + 20% pea stalk + 20% bran, S5: 40% sawdust + 40% poppy stalk + 20% bran,
Tarim ve Gida Bilimleri S6: 60% sawdust + 20% poppy stalk + 20% bran, S7: 40% sawdust + 40% corn cob +
Dergisi, 28(2):235-247 20% bran, S8: 60% sawdust + 20% corncob + 20% bran and S9 (Control): 80% sawdust

+ 20% bran. Mushroom fruiting bodies were obtained from all substrates. Biological
DOI: 10.29050/harranziraat.1440438 efficiency (BE) was varied between 7.84 and 17.92%. BE in S2, S5, S6, S7, S8 and S9 was

higher than S4, S3 and S1. The highest total yield was recorded in S6 with 88.38 g 1.5
kg bag-1. The earliest mushroom was harvested from corncob (S8) and sawdust (S9)
recipes within 51 days. The protein content of fruiting bodies ranged from 31.51% to
51.4%. Nitrogen, potassium, calcium, magnesium and iron content of fruiting bodies

*Address for Correspondence: were increased by mixing 40% corncob to substrate and zinc was enriched by adding

Nuray COMLEKCIOGLU 20% chick pea stalk. Adding corncob to the substrate may enrich the Ganoderma

e-mail: ncomlekcioglu@ogu.edu.tr fruiting body protein and mineral content without decreasing the yield and biological
efficiency.
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Ganoderma tohumluk miselleri (dariya sardirilmis) Atatiirk Bahge Bitkileri Merkezi
Arastirma Enstitist'nden (Yalova, Turkiye) saglanmistir. Bu ¢alismada dokuz (9) farkh
substrat regetesi kullanilmistir; S1: %40 talas + %40 nohut sapi + %20 kepek, S2: %60
talas + %20 nohut sapi + %20 kepek, S3: %40 talas + %40 bezelye sapi + %20 kepek, S4:
%60 talas + %20 bezelye sapi + %20 kepek, S5: %40 talas + %40 hashas sapi + %20
kepek, S6: %60 talas + %20 hashas sapi + %20 kepek, S7: %40 talas + %40 misir kogani
+ %20 kepek, S8: %60 talas + %20 misir kogani + %20 kepek ve S9 (Kontrol): %80 talas +
%20 kepek. Tum substratlardan mantar elde edilmistir. Biyolojik verimlilik (BE) %7.84
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substrata %40 misir kogani karistirilarak arttirilmis, %20 bezelye sapi eklenerek ginko zenginlestirilmistir. Substrata misir
kocani eklenmesi, verimi ve biyolojik etkinligi azaltmadan Ganoderma mantarinin proteini ve mineral icgerigini

zenginlestirmistir.

Anahtar Kelimeler: Tibbi mantar, substrat, reishi, protein, biyolojik etkinlik

Introduction

Ganoderma lucidum (W. Curt.: Fr.) P Karsten is
a species belonging to the genus Ganoderma,
family Ganodermataceae. Ganoderma species are
and different
characteristics such as cap shape and color, host

found throughout the world,

specificity, and geographical origin are used to
identify individual members of the species. G.
lucidum (reishi in Japan, Ling zhi in China) is a
fungus with a distinctive appearance with a shiny,
reddish-brown cap and woody texture. However,
morphological characteristics are subject to
variation resulting from differences in cultivation
under different climatic conditions and in
different geographical regions, and from the
natural genetic evolution of individual species
(Wachtel-Galor et al., 2011).

G. lucidum is a medicinal mushroom with a
long history of use in traditional Chinese medicine
(Zhou, 2017; Amiri-Sadeghan et al., 2022). Due to
its potential health benefits, it is in great demand.
It

including triterpenoids,

contains various bioactive compounds,

polysaccharides, anti-
which
believed to contribute to health benefits (De Silva
et al.,, 2012; Bishop et al., 2015; Taofig et al.,
2017; Khatian and Aslam, 2018; Liu and Tie,
2019). In their detailed reviews, Cao et al. (2018)

and Cor et al. (2018) reported that reishi contains

inflammatory and antioxidants, are

triterpenoids and polysaccharides with high-grade
biological activity, proven by animal and clinical
studies, which enhance immunity and show
antitumor, antimicrobial, anti-inflammatory and
antioxidant activity. It also contains high amounts
of various compounds such as proteins, lipids,
phenols, sterols, etc.

G. lucidum is commercially cultivated in many
countries, including Asia (China, Japan, and Korea)
United States of America and Europe. It is the

most popular and widely traded medicinal
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mushroom in the world. Many commercial
products derived from G. lucidum mushrooms,
mycelia or spores are sold in various (dried
mushrooms, powdered extracts, tea, coffee,
syrups, capsules, toothpastes, soapsn, a d lotions,
and even as ingredients in some food and
beverage products) forms (Atila, 2022).
Ganoderma species are saprophytic or
parasitic fungi that feed on trees. They can grown
on substrates sterilized sawdust and agricultural
waste. Thus, they greatly help the cycling of plant
and animal waste by converting plant waste into
food (Hall et al., 2003). This is also very important
for food sustainability.
reishi

During the process of cultivating

mushrooms, several researchers have added
numerous additives (such as wheat and corn and
rice bran, soybean meal, cottonseed meal, malt,
sugarcane bagasse, sunflower meal or molasses)
to corncobs and straw (Veena and Pandey, 2011;
Rashad et al., 2019; Yuliana et al., 2020), sawdust
of oak, mango, acacia, tuni, paddy straw, wheat
straw, and soybean waste (Jandaik et al., 2013),
sawdusts of sheesham, mango,
(Mehta et al, 2014), sunflower seed husks
(Gonzalez-Matute et al., 2002), paddy husk and
plant waste (Yang et al., 2003; Rashad et al., 2019;

Yuliana et al.,, 2020), tea waste (Peksen and

and poplar

Yakupoglu, 2009), sawdust of various trees (Erkel,
2009; Nguyen et al., 2019; Atila, 2020; Adongbede
and Atoyebi, 2021), plant residues
(Koutrotsios et al., 2019), broad bean stalks,
cotton stalks and wheat straw (Rashad et al.,,
2019; Atila, 2020), soybean straw and bean straw
(Atila, 2020), hazelnut shells (Puliga et al., 2022)
and found differences among the substrates.

olive

Growers generally prefer to use the best and
cheapest substrate materials available locally
(Ozgelik and Peksen, 2007). Researchers and
producers have focused on using locally available
agricultural waste materials and their economic
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output to search for substrates for mushroom

growing, to achieve more sustainable
management and improve efficiency. Substrate
selection and cultivation methods may vary
depending on local conditions and available
resources. Therefore, different substrate options
should be investigated regionally for successful
reishi cultivation.

of G.
increasingly widespread in Turkey in recent years,
but

limited (Eren and Peksen, 2019). For this reason,

Cultivation lucidum has become

its commercial production is extremely
studies on substrate formulation using various
plant wastes locally are also limited. This study
aimed to evaluate some locally available
agricultural wastes (chickpea, pea, corncob and
poppy plant wastes) for formulation of the
substrate in Ganoderma cultivation and to
determine their effects on vyield and quality

characteristics.

Material and Methods

The millet spawn of G. lucidum, used in this

Table 1. Substrates composition (as substrate dry weight ratio)

by  Atatiirk
Horticultural Central Research Institute (Yalova,

stalk, poppy
(Papaver somniferum) stalk and chickpea (Cicer

experiment, was  provided

Tirkiye). Pea (Pisum sativum)
arietinum) stems, corncob (Zea mays), beech

(Fagus orientalis) sawdust and wheat (Triticum

agestivum) bran were used for substrate
formulations. Nine (9) different substrates,
including control, were compared in the

experiment (Table 1).

The agricultural wastes used in the experiment
were grounded to appropriate sizes (1-2 cm) by
using a feed crushing machine. According to the
substrate recipe, plant wastes were weighed,
moistured and taken into containers. For pH
measurement, 50 ml of distilled water was added
to 20 g of substrate of each treatment, the
mixture was filtered after 2-3 hours and
measured with a pH meter. pH values were
measured and lime/gypsum were added to bring
the pH to 5.5-6.5 before sterilization. The mixed
substrates as 1.5 kg was filled into the heat
resistant polypropene bags. The plastic stick was
placed in the middle of the bags for sowing and
the bags were closed with plastic caps.

Substrate Formulation

S1 40% beech sawdust + 40% chickpea stalks + 20% wheat bran
S2 60% beech sawdust + 20% chickpea stalks + 20% wheat bran
S3 40% beech sawdust + 40% pea stalks + 20% wheat bran

sS4 60% beech sawdust + 20% pea stalks + 20% wheat bran

S5 40% beech sawdust + 40% poppy stalks + 20% wheat bran
S6 60% beech sawdust + 20% poppy stalks + 20% wheat bran
S7 40% beech sawdust + 40% corncob + 20% wheat bran

S8 60% beech sawdust + 20% corncob + 20% wheat bran

S9

(control) 80% beech sawdust + 20% wheat bran

Many bacterial, fungal, and viral diseases and
pests cause significant yield losses in mushroom
cultivation. In cultivation, the substrate is the
main source of some of the microbial diseases.
Therefore, disinfection of the substrate at
appropriate temperatures is extremely important
(Oztiirk et al., 2017; Oztiirk et al., 2017b; Aydogdu

and Kurbetli, 2021). For these reasons, the
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prepared bags were sterilized at 121 °C and 1.2
atm pressure for 120 min. When the substrate
temperature decreased to room temperature, the
plastic stick was removed, and 75 g of spawn was
inoculated in each bag and the bags were placed
in the incubation room. The incubation room was
set to 25-26 °C and humidity to 65-70%. After the
substrates covered with

were completely
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mycelium, the bags were taken into the
cultivation room and the cap of the bags opened.
The growing room is set to 70-80% humidity, 25-
26 °C temperature, and 400 lux for 10 hours a day
lighting. The mushrooms were harvested once the
white part on the edges turned red and reached
the appropriate size.

In the dried and ground substrate samples,
nitrogen (N) % according to Kjeldahl method
(Kacar, 1972) moisture % and ash ratio were
determined according to the modified (AOAC,
2019). Carbon (C) content was calculated as 50%
of the organic matter by subtracting ash content
from 100% (Cormican and Staunton, 1991). C:N
ratio was calculated. The incubation period, pin
formation, and fruiting body formation duration
were determined in days.

The amount of product collected from two
flashes was evaluated as total yield per bag (g
bag?). yield (%
determined by dividing the fresh mushroom vyield

Percent biological BE) was
by the dry weight of the substrate (Bernabe-
Gonzalez et al., 2015).

Fruiting body weight and cap diameter, protein
and nitrogen content, dry matter and ash content
(AOAC, 2019) were determined. For mineral
matter analysis, mushroom samples were dried in
an oven at 65 °C until constant weight was
reached and ground in a mill to a fineness of 20
mesh. For the analysis of phosphorus, potassium,
calcium, magnesium, iron and zinc, 0.5 g samples
were taken, 10 ml HNO3 (nitric acid) was added
and wet digestion was carried out in a microwave
oven under high temperature. These samples
then transferred to a 50 ml container, the volume
filled with deionized water and filtered through
blue band filter paper. The amount of elements in
the obtained filtrates measured by ICP-OES (Kacar
and Inal, 2008).

The experiment was conducted according to
the Randomized Plot Experiment Design with six
replications. The data obtained was analyzed in
Tarist (Acikgbz et al., 2004) statistical program.
Percentage values converted to angle values and
analysis of variance applied. The means compared
by the Least Significant Difference (LSD) test.
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Results and Discussion

The chemical properties of the substrates are
(5.67-6.30) of
substrates was slightly acidic after sterilization.

given in Table 2. pH value
The pH of the substrate has a significant effect on
fungal growth and development. Suitable pH
management can directly affect mushroom vyield
2019). Most
mushroom species tend to grow best in the pH
range of about 5.5 to 7. If the pH of the substrate
is too low or too high, mycelial growth can be

and quality (Bellettini et al.,

inhibited. This can lead to slow colonization and
potential contamination problems (Erkel, 2009;
Renu and Brij, 2015; Gurung et al., 2012; Kara et
al.,, 2021; Atila, 2020; Carrasco et al.,, 2018;
Nguyen et al., 2023).

Significant differences were also found in the
moisture contents of the substrates (Table 2). The
moisture contents of substrates were ranged
from 63.74 to 58.14%. Suitable moisture levels
are important for Ganoderma to form fruiting
body. The moisture contents of the substrates
should be relatively around 60-75%
(Aghajani 2018). Sufficient
prevents the mycelia from drying out and

kept
et al humidity
promotes fungal growth. Yakupoglu and Peksen
(2011) reported the humidity range as 60.93-
63.01% in substrates created with different plant
wastes. Jeewanthi et al. (2017) adjusted the
substrate moisture to 65%.

The highest C was 48.13% in S8 and the lowest
value was 45.59% in S1 medium. According to the
substrate composition, N content varied between
0.77% and 1.52%. The S3 medium, using pea
stalks, had the highest N content, while the S9
medium (control) consisting of beech sawdust
and wheat bran had the
Accordingly, the C/N ratio was highest in S9
(62.12) and lowest in S3 (30.14).

The C contents of substrates were ranged from
45.59 to 48.13%. The C content of S8 formulation
was the highest and S1 was the lowest. The N

lowest N content.

contents of substrates were varied between 0.77
to 1.52%. The calculated C/N ratios were ranged
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from 30.14 to 62.19 (Table 2).

Table 2. pH, moisture, carbon, nitrogen, C/N and ash rate of substrates

Substrat pH Moisture (%) Carbon-C (%) Nitrogen- N (%) C/N Ash (%)
S1 5.75f 58.141 45.59 1.18b 38.63d 8.82a
S2 5.68¢g 63.74a 47.17 f 1.02c 46.24 c 5.65d
S3 6.30a 62.10d 45.79 h 1.52a 30.14 e 8.41b
S4 5.95d 58.76 h 47.10¢g 1.21b 38.93d 5.80c
S5 5.94d 63.24 b 47.24 e 1.06c 44,62 c 5.53e
S6 5.88¢e 61.34e 47.73 c 0.86d 55.32b 454¢g
S7 6.16 b 62.74 c 47.66d 1.02c 46.71c 4.69 f
S8 5.67g 61.26 f 48.13 a 0.83d 58.33b 3.741
S9 5.98¢ 61.25¢g 47.86b 0.77 e 62.12 a 4.28 h
LSD 0.014 0.271 0.001 0.046 3.756 0.040
p<0.01

Mean values marked with a different letter in each column are statistically different from each other

Ganoderma mushrooms are lignin and
cellulose-degrading fungi (Cheureuil et al., 2022).
C and N are the two main macronutrients needed
their

requirements (Carrasco et al.,, 2018). The C

by fungi for structural and energy
content of fungal substrates plays an important
role as a nutrient source in their growth and
development. Carbon is essential for energy
production and biomass synthesis. Nitrogen is
important for protein synthesis and various
Carbon-rich  substrates

enzymatic reactions.

provide the necessary energy for efficient
proliferation of mycelia and products (Hu et al.,
2020). Lonardo et al. (2020) reported that the
concentration and availability of N affect the
activity and growth efficiency of saprotrophic
fungi. When the N of substrates is scarce, growth
efficiency may decrease. They found that low C:N
ratio resulted in the highest biomass production
as well as the highest growth efficiency. While
overall
of the

substrate, including nitrogen, minerals, and other

carbon content is important, the

composition and nutrient balance

organic compounds, also play important roles in

Ganoderma  mushroom  cultivation  (Atoji-
Henrique et al., 2017). The C/N ratio of
mushroom substrate is a critical factor in

mushroom cultivation. A favorable C/N ratio
provides the necessary nutrients to sustain strong
mycelial growth and maintain healthy fungal
metabolism. A balanced C/N ratio promotes the
breakdown of organic compounds in the
substrate such as lignin and cellulose. The ideal
C/N

depending on the species, substrate composition

ratio for Ganoderma mushrooms varies

and cultivation method. In general, a C/N ratio of
30:1, 40:1 to 60:1 is
considered suitable for reishi cultivation (Atoji-
Henrique et al., 2017; Atila, 2022; Amiri-Sadeghan
et al.,, 2022; Bellettini et al., 2019; Fraga et al.,
2014; Kumla et al., 2020). Hsieh and Yang (2004)
reported that C/N ratio is a very important factor

approximately 20:1,

for mycelial growth rate and cap formation for
reishi. They found that the fastest mycelial
growth (16-18 days) in test tubes occurred in the
medium with a C/N ratio of 70-80. The fungus
formed only in the medium with a C/N ratio of 70
and 80.

Significant differences in ash ratios were
determined depending on the substrate
composition. The highest ash rate was

determined as 8.82% in S1 (containing 40%
chickpea stalks). Ash rate was 8.41% in S2
(containing 20% chickpea stalks). On the other
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hand, the ash ratio was the lowest in S8
(containing 20% corncob) as 3.74%.

Mycelia, primordium, and mushroom formation
duration are presented in Table 3. The fastest
mycelial development was 18 days in S7, S8 and
S9 substrates. The latest mycelial growth was
26.50 days in S1, 25.50 and 25.83 days in S2 and
S3,

content, mycelial development duration, pin and

respectively. According to the substrate

mushroom formation duration can give very
different results (Atila, 2022; Gurung et al., 2012;
Thiribhuvanamala and Krishnamoorthy, 2021).
Yakupoglu and Peksen (2011), Jeewanthi et al.
(2017) and Atila (2020) reported mycelial
development duration as 55 to 59, 25.4 to 34.2
and 14.2 to 18.2 days, respectively.

The differences among the substrates in terms
of primordium formation duration were found to
be statistically The
primordium formation duration was 36.66 days in

significant. shortest

Table 3. Mycelial growth, primordium and

S4 and the longest duration was 41.66 days in S3.
Substrate composition significantly affected the
duration of fruiting body formation. In S8 and S9,
where mycelial development was the fastest,
fruiting body formation was also the earliest with
51 days. The latest fruiting body formation
duration was observed as 63 days in S2. Bernabe-
Gonzalez et al. (2015) reported the mushroom
formation duration as 70-72 days and Gurung et
al. (2012) reported the harvest duration of
different substrates as 60-66 days.

Among the substrates, the highest mushroom
yield was obtained from substrates with a high
C/N ratio. Yields were low in substrates with C/N
ratio lower than 40/1 (S1, S3 and S4). The yield
per bag was statistically in the same group in S2,
S6, S7, S8 and S9 and varied between 88.38 g (S6)
and 70.31 g. The lowest yield was 17.25 g bag™ in
S3 medium (Table 4).

fruiting body formation duration according to substrate

Mycelial Primordium Fruiting body
Substrat development growth | formation duration | formation duration
duration (days) (days) (days)
S1 26.50 a 40.33 abc 55.33 ¢
S2 25.50 a 39.50 bc 63.00 a
S3 25.83 a 41.66 a 55.00 ¢
S4 23.33b 38.66 ¢ 55.00 ¢
S5 22.50 b 41.50 a 60.33 b
S6 20.33¢ 40.66 ab 56.00 ¢
S7 18.33 ¢ 40.83 ab 55.33 ¢
S8 18.83 ¢ 39.33 bc 51d
S9 18.66 ¢ 39.50 bc 51d
LSD p<0.01 2.010 1.746 2.069

Mean values marked with a different letter in each column are statistically different from each other

Atila (2020) reported the highest total yield of
Ganoderma lucidum as 86.1 g kg™* and the lowest
as 28.6 g kg!. Baktemur et al. (2022) determined
the highest yield as 53.90 g kg from 2 groundnut
+ 1 wheat bran substrate and the lowest yield
value as 14.63 g kg* from oak sawdust medium.
As seen from the Table 4 biological efficiency (BE)
was the highest in S2 (17.61%), S5 (17.92%) and
S9 (17.91%) and the lowest in S3 (7.84%) and S1
(11.01%). Yield and BE in Ganoderma cultivation
can vary depending on several factors, including
substrate composition, environmental conditions,
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strain selection and cultivation practices (Amiri-
Sadeghan et al., 2022; Atila, 2022; Erkel 2009;
Jeewanthi et al., 2017; Renu and Brij, 2015). The C
content of the substrate can affect the yield and
The
availability of sufficient carbon compounds in the

quality of Ganoderma  mushrooms.
substrate ensures that the mushrooms have
sufficient nutrient supply for optimum growth.
Insufficient C content can result in slower growth,
reduced vyield, and poor quality of harvested
mushrooms. BE is an indicator of how effective

the substrate is in mushroom production. A high
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BE percentage indicates an efficient conversion
process. In the study of Peksen and Yakupoglu
(2009) on tea waste substrete, the BE range was
between 31.0-34.9%. Atila (2020) reported that
the BE calculated from reishi grown on substrate
containing cottonseed meal and oak sawdust was
changed from 8.9 to 24.2%. Increasing BE
increases the profit in production. Thus, it can be
the first
commercial production.

considered as item examined in

The composition of the growing medium
significantly affected the average mushroom
weight. The highest average mushroom weight
was 71.08 g in S2 medium and the lowest was
17.25 g in S3 medium (Table 4). Yakupoglu and
Peksen (2011) and Bernabe-Gonzalez et al. (2015)
reported that the mushroom weight was in the
range of 31.19 to 7.99 g and 409 to 479 g,
respectively.

Table 4. Mushroom yield and certain quality parameters according to substrate formulation

. B Biological efficiency-BE Mushroom Fruiting bod
Substrate Vield (g bag™) ° (%)* ! Weight (g) Diametegr (mn\g)
S1 32.14c 11.01d 32.09c 93.62b
S2 87.46 a 17.61a 71.08a 122.29a
S3 17.25d 7.84¢e 17.25d 85.05d
S4 45.39b 13.11c 45.39b 91.70c
S5 75.65 a 16.40 b 56.78a 97.21b
S6 88.38a 17.92 a 67.75a 109.30a
S7 72.62 a 16.12 b 72.62a 116.47a
S8 70.31a 16.24 b 70.39a 126.03a
S9 87.43a 1791a 62.22a 111.38a
LSD p<0.01 26.229 0.326 16.012 23.241

Mean values marked with a different letter in each column are statistically different from each other

* Percentage values converted to angle values and analysis of variance applied.

There is a positive correlation between yield and
C/N and C, and a negative correlation between N.

The correlation between yield and moisture and
pH was not significant (Table 5).

Table 5. Relationship between various parameters measured in substrates and yield

Variable | by Variable | Correlation Signif Prob Plot Corr
Yield C/N 0,8259 P<0,0061 | EEEEEEE
Yield C 0,8410 P<0,0045 | BE= s
Yield N -0,8770 P<0,0019 ===
Yield pH -0,3925 0,2961 [
Yield Moisture 0,5088 0,1619 | EEE==E

The regression curve between yield and C/N, C
and N is given in Figure 1 below.

Cap diameter differed significantly according to
substrate composition. The highest value was
recorded in S8 (126.03 mm) and the lowest in S3
(85.05 mm) (Table 4). Hal et al. (2021) recorded
the cap diameter of reishi mushroom in the range
of 50.63 - 45.23 mm. Veena and Pandey (2011)
found cap diameter in the range of 73 to 93 mm.
In a study comparing the reishi mushrooms, the
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average cap width of mushrooms collected from
nature was 14.2 cm, while the average cap width
of mushrooms cultivated on orange stumps was
found to be 13.6 cm (Turfan et al., 2016). The size
of the fruiting bodies of Ganoderma can vary
depending on the species and environmental
conditions. Typically, the upper part, the cup, is
circular to semicircular, fan-shaped or kidney-
shaped, 2-20 (35) cm wide (Vishwakarma et al.,
2011).
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Figure 1. Regression graph between Yield-C/N, Yield-C and Yield-N

The and dry matter contents of

mushrooms harvested from different substrates

protein

are given in Table 6. The highest protein content
was 51.41% in S7 medium, the lowest value was
31.51% in S3 medium and the differences
between the media were found to be significant.
The protein content of Ganoderma mushrooms
varies according to the substrate composition
(Hsieh and Yang, 2004; Fraga, 2014; Osunde et al.;
2019; Hal et al. 2021). Although protein content
is very important in most edible mushrooms, it
loses its significance in medicinal mushrooms.

It was determined that the differences between
the dry matter ratios were significant. The highest
dry matter was calculated as 34.07% in S1
medium. The lowest value was found as 27.72%
in S6 medium. Baktemur et al. (2022) measured

the dry matter content of mushrooms harvested
from different media between 20.29% to 17.97%
and Hal et al. (2021) measured it between 25.24
to 22.13%.

Mineral matter contents of mushroom harvested
from different substrates compositions are
presented in Table 7. The mushrooms showed
significant differences in terms of mineral matter
content according to the substrate composition.
S1 medium (chickpea stalk 40%) had the highest
Zn content (10.75 mg 100 g dry mushroom™). S9
medium had the highest value with 0.42% P,
followed by S7 with 0.40%. The mushrooms
obtained from S7 medium, containing 40%
corncobs, were higher than the mushrooms
obtained from other substrates in terms of N, K,

Mg, Fe and Ca.

Table 6. Some quality characteristics of harvested mushrooms according to substrate composition

Substrate Protein Total Dry Matter
Content % %
51 44.08 ¢ 34.07a
52 39.14e 29 61b
53 31.51h 29.67b
>4 47.60 b 30.22b
55 42.26 d 28.92b
> 34.01g 27.72e
57 51.41a 27 94c
58 44.66 ¢ 28 39b
59 36.74 29.72b
LSD p<0.01 1.303 1968

Mean values marked with a different letter in each column are statistically different from each other.
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Researchers often conduct studies on medicinal
mushrooms mainly to analyze their bioactive
components. Although the mineral contents of
mushrooms are generally relatively low compared
to other food sources, mushrooms in general are
a good source of various minerals and can
contribute to the diet. Specific mineral contents
of mushrooms strains,

vary with growing

conditions, cultivation methods and substrate
composition. The previously findings in terms of
N, P, K, Ca, Mg, Zn and Fe contents were in
agreement to each other (Hoa et al., 2015; Sharif
et al., 2016; Chiu et al., 2000; Ahmad et al., 2021;
Zinnah et al.,, 2020; ljimbili and Adenipekun,
2023).

Table 7. Mineral matter contents of mushrooms according to the substrates used in production

% mg/kg
Substrate - - - - -

Nitrogen Phosphorus Potassium Calcium Magnesium Iron Zinc
S1 7,05 bc 0,25 ef 1,38 ¢ 2,63 bc 0,85 bc 7,31 abc 10,75 a
S2 6,26 de 0,23 f 1,28 ¢ 2,15 de 0,64def 6,77 abc 5,25 ab
S3 504¢g 0,21 f 0,98d 1,78 f 049¢g 5,84 c 4,49 b
sS4 7,62b 0,33 bcd 1,63 b 2,86 ab 0,93 ab 7,89 ab 6,99 ab
S5 6,76 cd 0,31 cde 1,63 b 2,35 cd 0,70 cde 7,32 abc 7,45 ab
S6 5,44 fg 0,28 def 1,29 ¢ 1,94 ef 0,53 fg 6,31 bc 6,55 ab
S7 8,23 a 0,40 ab 2,06 a 3,11a 1,02 a 8,53 a 6,30 ab
S8 7,31 bc 0,37 abc 192a 2,55 bc 0,77 cd 7,90 ab 7,09 ab
S9 5,88 ef 0,42 a 1,39¢ 2,11 de 0,58 efg 6,82 abc 7,74 ab

LSD p<0.01 | 0.576 0.072 0.212 0.325 0.144 1.772 5.884

Mean values marked with a different letter in each column are statistically different from each other.

Conclusion

The substrate plays a crucial role in the
cultivation of Ganoderma. Nine different
substrate formulations were to cultivate

Ganoderma lucidum using available agricultural
wastes. The quality and composition of the

substrate, including moisture content and
nutrient availability, C/N ratio of substrate
significantly  affected yield and quality

characteristics. A balanced substrate that meets
the nutritional requirements of the fungi will
contribute to their successful cultivation. The
evaluation of a substrate formulation should be
evaluated by both the cost of the substrate and
the yield

Supplementing the corncob of 40% to sawdust

and profitability obtained.
substrate could be alternative material for

Ganoderma growers since it enriched the
nutrition components of fruitbody and high yield
and biological efficiency and early harvesting time
as well as sawdust.

Typically used for its medicinal properties, the
active part of Ganoderma lucidum is the fruiting
body or the mushroom itself. This part of the
contains  bioactive

mushroom compounds
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believed to have various health benefits, including
potential immune system support and anti-
inflammatory effects. While more research is
needed to understand its potential benefits and
mechanisms of action, it remains a popular choice
for those seeking natural remedies and wellness

support.
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ABSTRACT

Carob (Ceratonia siliqua L.) is a nutritious fruit that has been grown in Mediterranean
region. Carob holds an important place in various cultures, which has been used in
baked goods, confectionery, chocolate milk products, snacks, tea, and coffee. The
objective of this study was to produce spreadable carob molasses by using carob
molasses (CM) with different proportions of locust bean gum (LBG), crystallized honey
(CH), cocoa oil (CO), egg white (EW), additive mixture (AM) and evaluate pH, total
soluble solids (TSS), color, viscosity, density, volume increase, and sensorial properties.
The darkest color was obtained in sample consisting of LBG and CO while the lightest
color was determined in sample with LBG, EW, AM, indicating EW and AM enhanced
lightness with bleaching effect. The highest volume increase, about 145%, was observed
in sample with LBG and EW. The LBG addition significantly increased the viscosity in all
spreadable carob molasses samples (p<0.05). Adding CO reduced the volume and
increased the density of samples, which is probably due to lubricating effect of CO on
the carob molasses. According to the sensory evaluation, the highest value of color,
taste, consistency, spreadability and overall acceptability was determined in sample
including CM, LBG, EW, CH, and AM. Consumer preference test was confirmed that
same sample was the first choice with 20.77% preference score. Sensorial values of
color and consistency had significant effect on overall acceptability with a correlation
coefficient of 0.93 (p<0.05). With its appealing physical and sensorial property,
spreadable carob molasses can be a healthy option.

Key Words: Carob molasses; Spreadable; Color; Viscosity; Sensory analysis
0z

Keciboynuzu (Ceratonia siliqua L.) Akdeniz bolgesinde yaygin olarak yetistirilen oldukca
besleyici bir meyvedir. Cesitli kultlirlerde geleneksel tatlar arasinda énemli bir yere
sahip olan kegiboynuzu, unlu mamullerde, sekerlemelerde, gikolatali sit Griinlerinde,
atistirmaliklarda, cay ve kahvede kullaniimaktadir. Bu ¢alismanin amaci kegiboynuzu
pekmezini (CM) kegiboynuzu sakizi (LBG), kristalize bal (CH), kakao yagi (CO), yumurta
aki (EW), katki karisimi (AM) gibi cesitli bilesenlerle farkli oranlarda kullanarak
surilebilir keciboynuzu pekmezi tiretmek ve pH, toplam ¢ozinur kati madde (TSS),
renk, viskozite, yogunluk, hacim artisi ve duyusal oOzelliklerdeki degisiklikleri
degerlendirmektir. Renk degerleri karsilastirildiginda, en koyu renk LBG ve CO iceren
numunede elde edilirken, en agik renk LBG, EW ve AM iceren numunede belirlenmistir;
bu da EW ve AM'nin agartma etkisine sahip oldugunu ve sirilebilir pekmez Griiniinde
renk acikhgini arttirdigini géstermektedir. Numuneler arasinda, %145'e varan en yiiksek
hacim artisi LBG ve EW iceren numunede gozlenmistir. LBG ilavesi tiim surtlebilir
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kegiboynuzu pekmezi 6rneklerinde viskoziteyi 6nemli 6lglide artirmistir (p<0.05). CO'nun bir bilesen olarak eklenmesi hacmi
azaltmis ve boéylece orneklerin yogunlugunu arttirmistir, bu da muhtemelen CO'nun kegiboynuzu pekmezi Gzerindeki
kayganlastirici etkisinden kaynaklanmaktadir. Duyusal degerlendirme analizine gore, en yiksek renk, tat, kivam,
surilebilirlik ve genel kabul edilebilirlik degerleri CM, LBG, EW, CH ve AM formiilasyonundan yapilan numunede tespit
edilmistir. Tlketici tercih testi de ayni numunenin %20.77 tercih puaniile ilk tercih oldugunu dogrulamistir. Renk ve kivamin
duyusal degerleri, 0.93 korelasyon katsayisi ile genel kabul edilebilirlik Gzerinde 6nemli bir etkiye sahiptir (p<0.05).
Surilebilir kegiboynuzu pekmezi trinleri, fiziksel ve duyusal 6zelliklerinin albenisi ile tiketiciler icin saglikli bir secenek

olabilir.

Anahtar Kelimeler: Kegiboynuzu pekmezi; Suirilebilir; Renk; Viskozite; Duyusal analiz

Introduction

In recent years, the high demand on natural
healthy foods makes food processors to consider
plant-based Carob
(Ceratonia siliqua L.) is a highly nutritious crop

alternative products.
which is rich in phenolics (gallic, cinnamic, o and p-
coumaric, ferulic, and ellagic) and flavonoids
(rutin, catechin, apigenin, and naringenin) (Batu,
2005; Chait et al., 2020). It has positive effect on
health
obesity, and digestion (Valero-Mufioz et al., 2014).

issues such as diabetes, cholesterol,
In the world, the Mediterranean region is the main
carob production area with 135,000 tons per year
and Turkey is the fifth major carob producer after
Spain, Portugal, Italy, and Morocco (FAQ, 2021). Its
chemical composition may vary based on species,
harvesting season, soil, and climate (Brassesco et
al., 2021). The carob pod has over 50% of sugar
which mainly consists of sucrose, fructose, and
glucose ranges between 34 and 42%, 10 and 12%,
and 7 and 10%, respectively (Nasar-Abbas et al.,
2016).
consumed as fruit and in the form of food and

Traditionally, carob pod has been
beverage products. Meanwhile, there has been an
extensive carob powder and molasses production
in the food industry (Tounsi et al, 2017). The carob
seeds consists of protein, ash, fat, sucrose,
fructose, glucose, and significant amounts of
potassium and calcium, which are primarily used
for locust bean gum production (Papaefstathiou et
al., 2018). The locust bean gum has been widely
used as a constituent in food industry including
yogurt, pudding, cheese, fish products, and
ketchup.

With the functional properties and proven
health benefits, scientific research towards the

discovery of carob processing into different food
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products is one of the most interesting and
innovative area for food industry. Carob products
fulfill the criteria’s of allergic consumers by
providing gluten-free, caffeine-free and bromine-
free food products with natural chocolate like
sweetness (Rodriguez-Solana et al., 2021). Several
researchers have been carried out the product
development including gluten free pastry products
(Ceylan and Mustu, 2017), low-fat ice-cream
(Badem and Alpkent, 2018), kefir (Sarica et al.,
2021), confectionery (Ibrahim et al., 2020), halva
(Tounsi et al., 2022), and snack bar (Donmez et al.,
2022).

Spreadable food products look bright for the
future by offering convenient, tasty, and
nutritional properties. Sensorial properties, mainly
color, flavor and taste, are the major factors
affecting quality perception and consumer
acceptance. Spreadable carob cream has been
studied by several researchers in order to
investigate healthier alternatives to hazelnut
spreads with cocoa. Different formulations have
been tested and Memis and Tontul (2021) found
that 25% carob flour, 39.3% sugar syrup, and 24%
fat was convenient to produce spreadable carob
cream with higher phenolic content and sensorial
properties. In other research study, Shiehzadeh
(2019) replaced sugar powder and cocoa with
carob flour, which affected the sensorial property
of the carob cream negatively. In this current
study, the objective was to produce spreadable
carob molasses by using various ingredients
including locust bean gum (LBG), crystallized
honey (CH), cocoa oil (CO), egg white (EW), and
additive mixture (AM) in different proportions and
evaluate changes in pH, TSS, color, viscosity,

density, volume increase, and sensorial properties.
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Materials and Methods

Materials
Carob molasses (CM) (Aksuvital, Istanbul, TR),

Locust bean gum (LBG) (E410, Benosen, Istanbul,
TR), Egg white (EW) (Dr. Gusto Pastry Inc. Istanbul,
TR), Cocoa oil (CO) (Aksuvital, Istanbul, TR), Crystal
honey (CH) (Gazipasa, Antalya, TR) and additive
mixture (AM) (Ovalette Bakery Mixture, Katsan,
Istanbul, TR) were used in spreadable carob
molasses (SCM) formulations.

Sample Preparation

Spreadable carob molasses sample
formulations were listed in Table 1. Each sample
was prepared by using mixer (5L, 1400W, Schafer
Prochef XL, Istanbul) for 30 min. Depending on the
formulation (Table 1), CM has been mixed with
LBG, EW, CO, and CH. In some formulations,
commercially available AM was used, which
consists of emulsifier, stabilizer, humectant, and

carrier. Prepared samples were stored at 4°C until

analysis.
Table 1. Formulations of carob molasses samples.

Sample Formulation?® Amount (g)

CM LBG EW (6(0) CH AM
1 CM 300 - - - - -
2 CM + LBG + EW 300 6 3 - -
3 CM +LBG +CO 300 6 - 1.5 - -
4 CM + LBG + CH 300 6 - - 6 -
5 CM + LBG + EW + AM 300 6 3 - - 3
6 CM+LBG+CO+AM 300 6 - 1.5 - 3
7 CM +LBG+CH + AM 300 6 - - 6 3
8 CM+LBG+EW +CO 300 6 3 1.5 - -
9 CM +LBG+EW +CH 300 6 3 - 6 -
10 CM+1LBG+CO+CH 300 6 - 1.5 6 -
11 CM +LBG + EW + CO + AM 300 6 3 1.5 - 3
12 CM +LBG + EW + CH + AM 300 6 3 - 6 3
13 CM+LBG+CO+CH+AM 300 6 - 1.5 6 3
14 CM+LBG+EW+CO+CH 300 6 3 1.5 6 -
15 CM + LBG + EW+ CO + CH + AM 300 6 3 1.5 6 3

1CM: Carob Molasses; LBG: Locust Bean Gum; CO: Cocoa

pH, TSS, and Color Analysis
Measurement of sample pH was carried out

using a digital pH meter (Orio MI 151, Milwaukee
Instruments Inc. Rocky Mount, NC USA) and the
samples were diluted with distilled water 1/10
(v/v) before measurement (Ozbey et al., 2013).

The total soluble solids (TSS) content of carob
molasses (CM) was determined using a
refractometer (ATAGO PAL-1 Digital, Japan), which
was diluted with distilled water 1/1 (v/v) and
measured at room temperature (Ozbey et al.,
2013).

A Chroma Meter CR-400 (Konica Minolta,
Tokyo, Japan) was used to measure the color of
samples using the L*a*b*C*h°AE* system, where
L* is lightness, ranging from 0 (absolute black) to
100 (absolute white); a* is ranging from -60

Qil;
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CH: Crystal Honey; AM: Additive Mixture, EW: Egg White

(green) to 60 (red); b* is ranging from -60 (blue) to
60 (yellow); C* is chroma, ranging from O (least
saturation) to 60 (full saturation); and h° is hue
angle, ranging from 0° to 360°, where 0° or 360° is
red, 90° is yellow, 180° is green, and 270° is blue.
AE* indicates color difference between reference
and sample. A white ceramic plate was used for
of the
measurement, 20 grams of samples were placed

calibration instrument. During the
into the petri plate and color values were recorded
by measuring three different locations (Ozmen et

al.,, 2023).

Viscosity
The viscosity of spreadable carob molasses was
measured by using designed apparatus

(Alanya/Antalya, TR), which consists of probe (5.48
g) with a base area of 1.12 cm?. At the certain time
period (15 s), the distance (in cm) probe traveled
through the

samples were measured. The
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spreadable carob molasses samples were kept in
the refrigerator (570463 MB, Eskisehir, TR) for 24
hours before measurement.

Density and Volume Increase Analysis
The volume of 100 g of untreated and treated

carob molasses samples were measured. Volume
increase percentages were calculated using Eq. 1
(Badilli, 2020). The density (g ml!) was calculated
dividing 100 g of samples by their corresponding
volume.

Volume Increase (%) = [(Volume of 100 g sample-Volume of 100 g untreated carob molasses)/Volume of

100 g untreated carob molasses]x100

Sensory Evaluation

Sensory attributes including color, taste,

consistency, spreadability, and overall
acceptability were evaluated by a semi-trained
panel

academic and administrative staff of Alanya

of twenty-six people from students,
University (Alanya/Antalya, TR) by using a nine-
point hedonic rating scale (1 = dislike extremely to
9
Samples were randomly coded and served to

like extremely) (Meilgaard et al., 2006).

sensory panelists inside the transparent packaging
materials with water and crackers.

Statistical Analysis

The results were presented as mean * standard
deviation. One-way analysis of variance (ANOVA)
was performed using JMP package program (JMP
13.0; Cary, NC, USA) at 95% (a=0.05) confidence
interval and the difference between carob
molasses samples was determined by Tukey's
All

replicated two times. Also, correlation coefficients

multiple range test. experiments were

between some sensory and physical attributes
were calculated using Excel (2016).

Results and Discussion

Effect of ingredients on pH and color

The TSS value of carob molasses used was
determined as 78.4+0.1 °brix. The pH values of
spreadable carob molasses varied from 5.70 to
5.91, but there was no significant difference
between pH values of samples (p>0.05). pH values
of samples indicated that there was no significant
acid production by microbial fermentation or
enzymatic digestion during the preparation of the
samples.
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(1)

Color values of spreadable carob molasses
samples were listed in Table 2. The lightness (L*)
value of the carob molasses (CM) was determined
as 25.87+0.09. Throughout the samples, L* values
were varied from 23.83+0.26 to 69.49+1.16, in
which the darkest color was obtained in sample 3
while the lightest color determined in sample 5;
indicating egg white (EW) and additive mixture
(AM) enhanced
molasses product. In consistent with our results,
other researcher has reported that EW had
bleaching effect on liquid and solid molasses

lightness in the spreadable

production (Batu, 2005). However, in the current
study, there was no significant difference observed
in L* values of sample 5, 7, and 12, which
illustrated replacing EW with crystal honey (CH)
and/or addition of both EW and CH did not affect
in the
formulation (p>0.05). Furthermore, lighter color

the lightness when there is an AM

was found in samples of 6, 11, 13, and 15 indicating
AM was an important ingredient in the formation
of light color. Whereas replacement of cocoa oil
(CO) with CH significantly reduced the lightness of
the samples (p<0.05).
were compared, the lowest values of a*
(0.5940.03) and b* (0.50+0.05) was observed in
sample 1 consisting of CM, only. With the highest

When a* and b* values

a* value, reddish color was evaluated in samples
of 2 and 9; which includes EW and/or EW and CH
in the formulation; however, with the higher b*
values, contribution of AM increased yellowness in
the samples significantly (p<0.05). The usage of EW
formed air bubbles and refracted more light in the
product which might resulted in yellow color in the
product. In terms of chroma value (C*), the higher
saturation was obtained in samples with AM
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ingredient. With the EW, CO, CH, and AM
ingredients, the brightest color was determined in
samples of 11, 13, and 15. The results confirmed
that color values were parallel to the other
described color parameters. In hue angle (h°)
values, yellowish color was obtained in samples of
5,6,7,11,12, 13, and 15. There was no significant
difference determined in samples of 1, 4, and 10

Table 2. Color values of spreadable carob molasses samples?.

(p>0.05); indicating addition of CO and/or CO and
CH did not affect h° value. Total color change (AE)
in spreadable carob molasses samples varied from
34.6310.56 to 69.87+0.26. There was no statistical
difference observed between sample 1, 8, 10, and
14 (p>0.05). When compared to sample 1, lower
color change value was observed in samples of 5,
7 and 8 (p<0.05).

Sample L* a* b* c* h® AE
1 25.87+0.09 & 0.59+0.03' 0.50+0.05 f 0.77+0.01" 40.4943.79 ¢f 67.88+0.08 ¢
2 34.49+0.06 f 11.83+0.24° 14.57+0.58 ¢ 18.76+0.60 ¢ 50.92+0.56 b« 61.39+0.31¢
3 23.8320.26" 1.90+0.27" 2.3240.12f 3.00£0.08 & 50.86%5.33 < 69.87+0.26 2
4 32.7840.23f 9.650.02 ° 10.03+0.01 © 13.9240.02 ¢ 46.08+0.02 % 61.93+0.22 ¢
5 69.49+1.16 2 3.59+0.10" 28.93#0.35°¢ 29.150.36 ¢ 82.92+0.11° 34.63+0.56 ¢
6 59.66+1.24 ¢ 8.05+0.14 ¢ 33.13#1.252° 30.82+2.03 b¢ 79.55+3.48 2 45.30+0.11°F
7 68.06+1.46 3.95+0.09 & 29.93+0.02 b* 30.15+0.05 b° 82.49+0.17 2 36.38+1.03/
8 26.4620.24 8 1.50+0.09! 2.4120.47f 2.85+0.45 8 57.62+3.55° 67.23£0.23 b¢
9 37.1240.23 ¢ 11.89+0.01 ® 16.40+0.03 ¢ 20.26%0.02 ¢ 54.06x0.08 b* 59.05+0.23°¢
10 25.47+0.11 8" 1.10+£0.07 1.16+0.02 1.60+0.03 &" 46.57+2.31 % 68.260.12°
11 63.15+0.28 ¢ 6.25+0.08 32.79+0.15 33.370.17 2 79.21+0.07 2 42.15+0.08"
12 68.66+0.68 2 4.44%0.05 35.18+4.23 2 31.000.27° 81.76+0.02 2 36.55+0.27/
13 62.390.31°¢ 6.78+0.10 ¢ 33.73+0.182 34.40+0.19 2 78.64+0.09 2 43.44+0.098
14 26.98+0.28 8 4.15+0.08 2.8620.07 f 5.05+0.03 f 34.59+1.19f 66.8240.27 ¢
15 66.30£0.81" 5.99+0.12 ¢ 33.70+0.402 34.230.41°2 79.93+0.08 2 40.55+0.24'

1The values in the same column shown with different letters are statistically different from each other (p<0.05).

Effect of ingredients on viscosity, volume increase
and density

The viscosity (plunge depth, cm), volume
increase (%), and density (g ml?) values of the
samples produced from carob molasses in
accordance with the experimental design were
given in Table 3. The lowest viscosity with a highest
plunge depth of 9.95+0.05 cm and the highest
density with 1.43+0.00 g ml"* was determined in
sample 1 (CM only) (p<0.05). Since no treatment
was applied to sample 1 (as control sample)

volume increase was 0%. Addition of LBG and EW

to CM significantly increased the volume to
144.7442.80 % (p<0.05), which was the highest
volume increase throughout the other spreadable
carob molasses samples. In addition, significant
volume increases were observed mostly in EW
added samples, indicating that EW had significant
effect on air incorporation and thus volume
increase of the product (p<0.05). Whereas, it is
important to highlight that CH and AM had also
significant contribution in volume increase of the
samples (p<0.05).

Table 3. Viscosity, volume increase and density values of spreadable carob molasses?.
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Sample plun;/f;c:;x om Volume Increase (%) Density (g mL?)
1 9.95+0.05 @ 0.00+0.00" 1.43°2
2 2.00+0.20 ¢ 144.74+2.80 2 0.591
3 2.90+0.10°¢ 22.86x0.09 & 1.17 ¢
4 2.60+0.10°¢ 113.4942.22°¢ 0.67"h
5 0.55+0.25 © 110.50+2.17 ¢ 0.68"
6 1.00+0.20 ¢ 84.67+0.52 ¢ 0.78f
7 0.60+0.20 © 102.02+0.68 ¢ 0.71¢
8 3.55+0.05° 23.87+0.92¢ 1.16¢
9 1.80+0.30 ¢ 129.79+2.52° 0.62'
10 2.95+0.05 ¢ 23.87+0.92¢ 1.16°¢
11 0.60+0.20 © 80.24+0.48 ¢ 0.80°
12 0.95+0.35°¢ 74.00+1.58 f 0.82¢
13 0.65+0.25 © 84.67+1.75°¢ 0.78f
14 2.75+0.05 ¢ 21.87+0.90 8 1.18°
15 0.55+0.25 ¢ 110.50+2.17 ¢ 0.68"N

1The values in the same column shown with different letters are statistically different from each other (p<0.05).

Locust bean gum affects viscosity due to its
molecular weight, concentration, and solubility.
Even though, it is generally considered less
viscous than guar gum and taro gum, it forms a
highly viscous gel structure over a wide pH
range (4-9); thereby it is used as a stabilizer and
thickener in many foods (Barak and Mudgil,
2014). Based on viscosity analysis results, LBG
addition significantly increased the viscosity in
all  spreadable carob molasses samples
compared to sample 1 (p<0.05). Similar results
were obtained when LBG used in different
products. Researchers have reported that LBG
had been used to improve dough rheology and
product texture in the absence of gluten by
forming emulsions and stabilizing dispersion
with its
(Topaloglu,

enhancement ability of viscosity
2019). Other
found similar effect of LBG on yogurt, this

researchers have
carbohydrate-based hydrocolloid increased the
clot tightness, viscosity, dry matter and also
reduced serum separation of the product
(Peker, 2012). Furthermore, it was determined
that the addition of 0.7% LBG increased the
consistency, enhanced the structure and
thereby prevented water separation of pudding
(Derazshamshir, 2017). In the present study,
findings confirm that addition of AM as an
ingredient increased the viscosity of samples of

5 6, 7, 11, 12, 13, 15 and there was no
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significant difference observed between these
samples (p>0.05).

Sample 1 (CM) had the highest density of
1.43 g ml?! (p<0.05). Addition of CO as an
ingredient reduced the volume increase and
thereby increased the density of samples 3, 8,
10,14, which is probably due to lubricating
effect of CO on the carob molasses. However,
addition of AM reduced the density of the
spreadable carob molasses samples of 5, 6, 7,
11, 12, 13, and 15. It is important to highlight
that addition of CH had effect on density
reduction of samples 4 and 9. These findings
confirmed that increase in volume reduced
density of spreadable carob molasses samples
as expected.

Effect of ingredients on sensorial quality

Product development has been carried out in
order to improve the physical structure,
appearance, and function of the product in turn to
increase its overall quality. Sensory analysis is an
essential method to measure the perception of
reactions to different characteristics of foods
through the senses of taste, smell, touch, hearing
and sight (Stone and Sidel, 2004). In the present
study, sensory analysis was used to determine
reaction of consumers on the color, taste,
overall

consistency, spreadability, and
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acceptability of spreadable carob molasses
samples obtained by adding different ingredients.
The scores of the sensory evaluation analysis of 15
products were listed in Table 4. According to the 9-
point hedonic scale, overall acceptability scores

varied between 5.3842.06 and 7.58+1.45,

indicating panelists had a positive approach to all
the features of the products. The findings
confirmed that the highest overall acceptability
was found in sample 12 with 7.5811.45 and there
was no significant difference observed between

sample 12 and samples of 5, 6, 7, 11, 13 (p>0.05).

Table 4. Sensory evaluation of spreadable carob molasses samples®.

Sample Color Taste Consistency Spreadability Overall Acceptability
1 6.50+2.16 2b<d 6.31+1.89 2 6.1242.08 ©¢ 5.38+2.21¢ 6.31+1.74bcde
2 5.31+2.07f 5.69+2.20 ¢ 5.50+2.02°¢ 5.96+2.05 @ 5.38+2.06 ¢
3 6.31+1.09 2bcde 6.04+1.75 2bc 6.35+1.55 ¢ 6.27+1.66 bcd 6.04+1.25 Pede
4 6.23+1.73 bedef 5.69+1.93 bc 6.15+1.69 b 6.35+1.92 bed 5.88+1.70 <de
5 6.62+1.79 2bcd 6.35+1.60 6.35+2.06 "¢ 7.15+1.67 6.81+1.50 2c
6 6.73+1.73 2c 6.35+1.87 6.77+2.14° 7.12+2.08 6.88+1.68 20
7 6.81+1.65 6.42+2.28 6.54+2.18 b¢ 6.85+1.99 akc 6.62+2.19 2bcd
8 5.35+1.98 ¢ 5.4242.23 "¢ 5.88+2.08 ¢ 5.88+1.93 « 5.65+1.94de
9 5.73+1.82 def 5.50+2.20 "¢ 5.62+1.92¢ 5.85+1.59 5.50+1.82 ¢
10 5.81+1.98 cdef 5.5042.35 ¢ 5.69+1.74¢ 5.92+1.85 5.65+1.87 %
11 6.85+1.32 2 6.00+2.02 2bc 6.46+1.63 ¢ 7.08+1.92 2 6.73+1.54 abc
12 7.27+1.64° 6.96+1.71°2 7.73+1.66 2 7.85+1.49 2 7.58+1.45 @
13 6.38+2.00 2b<d 6.42+1.96 6.50+2.23 ¢ 6.77+1.90 ¢ 6.73+1.80 2¢
14 5.35+2.10 ¢ 5.15+2.09°¢ 5.65+1.72°¢ 5.85+1.83 ¢ 5.58+2.12 ¢
15 6.65+1.96 2b<d 6.35+£2.04 6.15+2.31 ¢ 6.46%2.25 ¢ 6.58+1.88 bed

1The values in the same column shown with different letters are statistically different from each other (p<0.05).

Color is essential attribute in food products to
give a positive impression on the consumer
acceptance. Without appealing color, the product
will receive negative score even if the other
sensorial properties are good. Even though having
dark color of samples were appreciated, lighter
colors were preferred in spreadable molasses
samples of 1, 3, 5, 6, 7, 11, 12, 13, and 15. The
highest score with 7.27+1.64 was obtained in
sample 12 which consist of CM, LBG, EW, CH, and
AM in its formulation. Results indicated that lighter
color samples (5, 6, 7, 11, 12, 13, and 15) with high
their
Even though traditionally carob

color score were contained AM in
formulation.
molasses is not commonly consumed in lighter and
yellowish color, these findings indicated that there
is a potential in these new formulations. As
reported in previous studies, addition of LBG (2%)

in new generation snack design from carob fruits
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was acceptable in terms of taste, aroma, flavor,
texture and general preference (Donmez et al.,
2022). In this study samples with AM had higher
taste scores. However, scores of samples of 1 and
3 with no AM were acceptable. Similar results
were obtained in consistency values of sensory
analysis. The highest taste and consistency score
was determined in sample 12 as 6.96%£1.71 and
7.73+1.66, respectively. In terms of spreadability
values, the samples with AM ingredient received
higher values ranging from 6.46+2.25 to 7.85+1.49
and sample 12 received the highest value with
7.85+1.49 within all the samples. According to the
consumer preference test, sample 12 (20.77%),
sample 15(11.92%), and sample 7(10.77%) were
preferred as first, second and third choice,
respectively. The least favorite sample was sample
2 with ingredients of LGB and EW. Results

indicated that sample 12 (with all ingredients
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except CO) was the most preferred sample.
Correlation coefficients between some physical
and sensory analysis results of spreadable carob
molasses samples were given in Table 5. A
correlation of 0.69 was found between sensorial
quality of spreadability and physical quality of
viscosity values. Even though this correlation value
was at acceptable level, it was not high due to the
efficacy of other factors on spreadability. The
stronger positive correlation at p= 0.86 was
observed between spreadability and consistency.
Additionally, sensorial values of spreadability and
consistency had a significant effect on overall

acceptability with a correlation coefficient of 0.86
and 0.93, respectively. Similar result was obtained
between taste on overall acceptability scores. The
correlation coefficient between physical color
values of L*, a*, b*, C*, h°, AE and sensorial overall
acceptability was 0.83, 0.78, 0.70, 0.81, -0.82
respectively; however, correlation coefficient of
sensorial color value and overall acceptability was
0.93. These results indicated that sensorial quality
parameters of spreadability, consistency, taste and
are correlated with sensorial

color quality

parameter of overall acceptability.

Table 5. Correlation coefficients (p) between some physical and sensory values of spreadable carob molasses samples.

Values Values Correlation (p)
Spreadability Viscosity 0.69
Spreadability Consistency 0.86
Spreadability Overall acceptability 0.86
Consistency Overall acceptability 0.93

Taste Overall acceptability 0.92

Color Overall acceptability 0.93
L Overall acceptability 0.83
b* Overall acceptability 0.78
c Overall acceptability 0.70
h° Overall acceptability 0.81
AE Overall acceptability -0.82

Conclusions

There was no significant difference between pH
values of spreadable carob molasses samples
(p>0.05). Throughout the samples, L* values were
varied from 23.83%0.26 to 69.49+1.16, in which
the darkest color was obtained in sample 3 (with
CM, LBG, and CO) while the lightest color
determined in sample 5 (with CM, LGB, EW, and
AM), which indicated EW and AM enhanced
lightness in the spreadable molasses products. The
addition of CO increased a* value which indicates
redness, while addition of EW and AM increased
b* value which is yellowness. Based on C* values,
the brightest color was determined in samples 11,
13, and 15 with EW, CO, CH, and AM ingredients.
Based on the viscosity analysis, usage of LBG as an
ingredient significantly increased the viscosity of
all spreadable carob molasses compared to sample
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1 (carob molasses only). Addition of CO as an
ingredient reduced the volume and thereby
increased the density of samples of 3, 8, 10, and
14. However, addition of AM reduced the density
of the spreadable carob molasses samples of 5, 6,
7,11, 12,13, and 15. In all parameters, the highest
sensory evaluation score was obtained in sample
12 (with CM, LBG, EW, CH, and AM). Based on the
consumer preference test, sample 12 (20.77%),
sample 15 (11.92%) and sample 7 (10.77%) were
preferred as first, second and third choice,
respectively. Results indicated that sample 12
(with all ingredients except CO) was the most
preferred sample. Sensorial quality parameters of
spreadability, consistency, taste and color were
highly correlated with sensorial quality parameter
of overall acceptability. The highest positive and
significant correlations were observed between
the overall sensory ratings and consistency, color
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and taste, with p values of 0.93, 0.93, and 0.92,
respectively (p>0.05).
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ABSTRACT

Anti-caking agents are used in powder product formulations to prevent caking and to
positively influence consumer preferences. In this study, ready-to-drink coffees, which are
highly consumed were preferred and silicon dioxide (SiO2), maltodextrin (MD), glycerol
monostearate (GMS), tricalcium phosphate (TCP) additives were added to the product
formulations as anti-caking agents. Caking, cohesion and powder flow rate dependence
(PFSD) tests were carried out on the 1st, 15th, 30th, 30th, 45th, 60th, 75th and 90th days
and Scanned Electron Microscope (SEM) images were taken. In this way, the performances
of anti-caking agents on instant coffee powder products during storage processes were
determined. At the end of the study, it was determined that the powder flow properties of
the anti-caking agents during the storage process were different. While the mean cake
strength value of the control coffee sample was determined in the range of 93.90-159.63 g
mm during the storage period, no caking was observed in the MD sample. The SEM imaging
results of the samples are similar to the powder flow measurement values.

Key Words: Anti-caking agent, ready-to-drink coffee, powder flow, caking
0z

Topaklanma Onleyici ajanlar toz triin formilasyonlarinda keklesmeyi 6nleme ve tiiketici
tercihlerini olumlu yénde etkileme amaglariyla kullanilmaktadir. Bu ¢alismada tiketimi
oldukca fazla olan icime hazir toz kahve karisimlari tercih edilmis ve trin formilasyonlarina
silikon dioksit (Si02), maltodekstrin (MD), gliserol monostearat (GMS), trikalsiyum fosfat
(TCP) katki maddeleri topaklanma 6nleyici ajanlar olarak eklenmistir. Elde edilen toz karisim
kahve cesitleri ve kontrol grubu kahve 6rneginin 1.,15.,30.,45.,60.,75 ve 90. giinlerde
keklesme, kohezyon ve toz akis hizi bagimhlik (PFSD) testleri yapilmis ve Taramali Elektron
Mikroskobu (SEM) gorintileri alinmistir. Bu sayede topaklanma Onleyici ajanlarin
depolama sureglerinde hazir toz kahve Uriinlinde gosterdikleri performanslar tespit
edilmistir. Calisma sonunda topaklanma 6nleyici ajanlarin depolama siirecinde gosterdigi
toz akis 6zelliklerinin farkh oldugu belirlenmistir. Kontrol kahve 6rneginin depolama siresi
boyunca ortalama kek glicli degeri 93.90-159.63 g mm araliginda belirlenirken MD
drneginde hig keklesme gézlenmemistir. Orneklerim SEM gériintiileme sonuglari da toz akis
Olcim degerleri ile benzerlik gbstermektedir.

Anahtar Kelimeler: Topaklanma onleyici ajan, hazir kahve, toz akis, keklesme

258


http://www.dergipark.gov.tr/harranziraat
https://orcid.org/0000-0002-9579-8347
https://orcid.org/0000-0002-8190-2406
https://orcid.org/0000-0003-1639-4641

Aslan Tiirker et al., 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(2): 258-266

Introduction

In these days, many of the foods and
ingredients on the market are supplied in powder
form to facilitate handling and processing and to
increase the stability of the ingredients (Fitzpatrick
et al., 2005). The measurement of powder flow
properties of foods is of great importance as it
gives important clues about the behavior of
storage,
Powder

powder during transportation and

processing. flow characteristics are
important in handling and processing operations
such as flow from hoppers and silos, transport,
mixing, compaction and packaging (Fitzpatrick et
al., 2004). It has gain importance to know the
properties of powders due to the increasing value
of products, the complexity of processing unit
operations and the formulations of new products
(Zou et al., 2002).

The caking or agglomeration of free-flowing
powder into lumps causes major problems in the
processing of solid hygroscopic particulate
materials. Therefore, it has been investigated for a
long time to solve this problem (Adams et al.,
1929; Bode et al., 2015). Caking in food powders is
a common problem that can contribute to reduced
product quality, functionality and shelf life
(Descamps et al., 2013; Lipasek et al., 2012). It can
occur during processing, transport or storage and
therefore can be a problem for both production
lines and consumers (Lipasek et al., 2012). In the
case of caking in powder products, additional
processing steps are often needed in which the
powder is broken down before adding the raw
material to silos or bunkers (Larsson, 2016). From
the consumer's point of view, the formation of
agglomerates and the reduced flowability of the
powder can cause difficulties in emptying the jar of
the powder products or the formation of lumps in
the powdered food when emptying a bag with the
Therefore, anti-caking

powdered ingredients.

agents are utilized to prevent consumer
dissatisfaction and to increase the flowability and
processing of powders. Anti-caking agents can
function by one of several mechanisms. One of
these mechanisms is to compete with host powder

for moisture, the other is to create protective
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barriers against moisture on the surface of
hygroscopic particles or physical barriers between
particles, another mechanism is to smooth
surfaces to eliminate inter-particle friction; and to
inhibit crystal growth, which is important in solid
bridge formation (Lipasek et al., 2012).

Only a few publications are dealing with
the effect of anti-caking agents on food powders
(Akins, 2002; Nurhadi et al., 2017; Pui et al., 2020;
et al.,, 2009), on the other hand, the

comparison of anti-caking agents with each other

Sharma

and the effects of anti-caking agents on cohesion
values and powder flow speed dependency values
have not been addressed. It was hypothesized that
the addition of anti-caking agents could prevent
caking and improve powder flow properties of
ready-to-drink coffees. Accordingly, the aims of
the present paper were i) to investigate the
influences of various anti-caking agents on the
powder flow behavior and storage stability of
instant coffees, ii) to classify and compare the
effect of anti-caking agents, iii) to determine the
best anti-caking agents to prevent caking and
enhance flowing.

Materials and Methods

Materials and chemicals

Vegetable oil powder (78% fat), which is used as
a material in the production of ready-to-use
powdered coffee, is procured by Enka Sut A.S.,
(Konya, Turkiye) and skimmed milk powder was
obtained from Pinar Sut Mamulleri San. Inc. (izmir,
Turkiye). Icing sugar and granulated coffee were
purchased from local markets. Silicon dioxide (SiO2
100x, Tito, Turkey), maltodextrin (MD, Sigma
Aldrich, USA), (GMS,
Alfasol, Turkey) and tricalcium phosphate (TCP,

glycerol monostearate
Sigma Aldrich, USA) were used as anti-caking
agents.

Methods
Preparation of instant coffee powders

For preparing coffee samples 360 g skim milk
powder, 100 g powdered sugar, 17 g vegetable oil
powder, 80 g coffee and 4.40 g anticaking agent
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were weighed and mixed, and stored at room
temperature until analysis.
Determination of the powder flow behaviors

The flow properties of instant coffee
powders were determined by testing the powder
flow rate dependence (PFSD test), cohesion and
caking (caking test) properties of the products
using the Stable Micro System (TA-XT2 Plus, UK).
For the analysis, a glass cylinder with a height of
120 mm, an inner diameter of 50 mm and a
diameter of 48 mm was used. In addition, a special
powder flow probe (Selective Laser Sintered DMLS
Stainless Steel 316) with a height of 10 mm and
moving in horizontal and vertical planes was used
in the analysis. The degree of caking, PFSD and
cohesion coefficient values were calculated with
Texture Exponent 32 software.
Scanned electron microscopy (SEM)

Scanned Electron Microscope (SEM) (Tescan
Mira3, Czech Republic) was used to identify the
morphological structures of the instant coffee
powders.

Statistical analysis

The ANOVA multiple comparison approach was
used to determine statistical analysis of the study's
data using the Minitab (Minitab Ltd., Coventry,
England). To evaluate the difference between the
means, the Tukey ANOVA test was utilized. The
statistically significant difference is denoted by
p<0.05.

Results and Discussion

Powder flow behaviors of instant coffee samples
Cohesion index values

The cohesion index value provides information
about the cohesiveness values of the samples.
Cohesion is defined as the tendency of powdered
food particles to come together and form larger
powder areas (Mercan et al., 2018). Flow models
that vary depending on the cohesion index of the
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samples are evaluated based on the flow property
table of Benkovic and Bauman (2009). According to
the table, if the cohesion index is 19, the flow is
defined as hardened, extremely cohesive, while
16-19, 14-16, 11-14 and 11 are expressed as very
cohesive, cohesive, easy flowing and free flowing
respectively.

Cohesion index values increased in all ready-to-
drink coffees samples during the storage process.
The interesting thing is that the control coffee
sample, without the addition of anti-caking agent,
showed an easy flowing value at the beginning of
the storage process, but at the end of the storage
it moved to the extremely cohesive category and
showed a much higher cohesion index value than
the other samples. In this case, it can generally be
said that the addition of anti-caking reduces the
cohesion index value. In particular, the cohesion
index values of the coffee sample with the addition
of GMS anticaking agent were determined to be
the lowest. On the other hand, although the rates
of change during the storage process differed, the
initial and final day cohesion index values of TCP
and MD samples were found to be the same.
During 15 days of storage, SiO,, GMS showed free
flowing behavior, while all other samples were
determined to be easy flowing. At the end of 90
days of storage, GMS sample showed cohesive
behavior, while SiO,, MD and TCP samples showed
very cohesive behavior (Figure 1).

In powder mixtures, all powder flow
properties, especially the cohesion index value,
vary with the materials added to the product
formulation. In addition, various factors such as
hygroscopicity, electrostatic activity, porosity,
particle size and shape can also change the
cohesion index value (Thomas et al., 2004). On the
other hand, the addition of anticaking agent and
variety change also effected the cohesion index
values.
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Figure 1. Cohesion index values of coffee samples during storage time
SiO2: Silicon dioxide, MD: maltodextrin, GMS: glycerol monostearate, TCP: tricalcium phosphate

Caking profiles

Due to their structure, powder products can
come together and become lumps over time. This
situation, which results in irregular collection and
loss of properties, can be defined as caking
(Mercan et al.,, 2018). Additionally, caking may
have effects such as changing product properties
and completely deteriorating the product in
powder groups (Aguilera et al., 1995).

Caking problem is important in the storage
period and packaging material selection of all
powder products. Even the selection of the
countries to which the manufactured products will
be sent may vary due to the caking problem in
powder product groups. Cake products are not
preferred by consumers because they have lost
their
powder mixtures. The mean cake strength values

properties and are non-homogeneous
of instant coffee samples measured for this
purpose are given in Table 1. When the table is
examined, it is striking that the maltodextrin
sample never formed cake during the storage
period, and again, no cake was formed in the GMS
sample during the 75™ day of storage. On the other
hand, there is a caking value in the control group
coffee samples that increases during storage. In
addition, although the addition of SiO; and TCP to
coffee formulations significantly reduced the
caking values, an increase in the caking values was
observed in these samples during storage.
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Anticaking agents bind more moisture to the
product in powder mixtures, create a physical
barrier within the product, eliminate friction or
limit the interaction between powders, thus
preventing the formation of caking (Barbosa-
Canovas et al., 2005). It is thought that the agents
used in the study prevent caking by keeping the
components in the coffee mixture separate.

Powder speed flow dependence

The PFSD test expresses the flow stability of
powder mixtures and how the powder changes
during analysis (Jan et al.,, 2015). Compaction
coefficient values of ready-to-drink coffee samples
depending on increasing test speeds are shown in
Figure 2. The 15™ and 90* day values are shown
graphically to serve as an example in storage time.
As the compression rate increased, the
compression coefficient of Control, GMS and MD
samples decreased on the 15™ day, while no
significant change was observed in TCP and SiO;
samples. On the 90™ day, with increasing test
speed, the compression coefficient values of GMS
and MD samples decreased again, while TCP
remained constant, control and SiO, showed a
general increasing trend. Changes in compression
coefficient values were detected in SiO; and
control samples with increasing storage time.
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Table 1. Mean cake strength (g mm) values of coffee samples

Storage Day 1 15 30 45 60 75 90
Control 93.90+5.85¢2 116.03+3.57° 122.49+2.37¢ 124.59+3.40% 153.46+2.5482 158.06+1.46"° 159.63+0.18"°

TCP CAKE NOT

- FORMED 27.17+0.69% 33.88+0.275¢ 34.27+0.215¢ 34.71£0.548¢ 47.68+0.12%¢
Si02 - 36.15+2.21% 38.44+1.21 40.09+0.51¢ 40.11+0.83% 43.68+0.14°5° 49.10+1.45%°
GMS CAKE NOT CAKE NOT CAKE NOT CAKE NOT CAKE NOT

- FORMED FORMED FORMED FORMED FORMED 30.667+2.44A
MD CAKE NOT CAKE NOT CAKE NOT CAKE NOT CAKE NOT

- FORMED FORMED FORMED FORMED FORMED CAKE NOT FORMED

Means followed by the same small letter in column and capital letter in row do not differ by Tukey's test (p > 0.05). Data are mean values of triplicate samples * with
standard deviation. SiO2: Silicon dioxide, MD: maltodextrin, GMS: glycerol monostearate, TCP: tricalcium phosphate

Table 2. Flow stability of coffee samples

Storage Day 1 15 30 45 60 75 90
Control 0.83+0.03% 0.90+0.04%¢ 0.93+0.038° 0.99+0.03"° 1.03+0.04% 0.98+0.04"° 1.02+0.03%
TCP - 1.01+0.044° 0.98+0.04* 1.03+0.01*° 0.98+0.02"° 1.01+0.02° 1.00+0.024
Si02 - 0.97+0.07°% 1.00+0.02% 1.10+0.11% 1.04+0.03% 1.07+0.01% 1.03+0.06"
GMS - 0.88+0.078¢ 1.00+0.10% 1.01+0.10° 1.06+0.09"2 0.98+0.01%° 0.96+0.69°
MD - 1.10+0.10% 0.94+0.118° 0.98+0.048° 0.98+0.07°% 0.98+0.048° 0.96+0.048°

Means followed by the same small letter in column and capital letter in row do not differ by Tukey's test (p > 0.05). Data are mean values of triplicate samples * with
standard deviation. SiO2: Silicon dioxide, MD: maltodextrin, GMS: glycerol monostearate, TCP: tricalcium phosphate

992-8ST :(Z)8z “1s1643Q 143|Wij1g bPID A WD UDLIDH “HZ0Z “[0 18 4344N] Up|Sy



Aslan Tiirker et al., 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(2): 258-266

16000
. 14000
£ 12000
10000
8000
6000
4000
2000

Compaction coef. {g.mm

iz

N

10

20 50

Speed (mm/s)

5 TCP 35102

=

=GMS

“MD

s Control

f.

=
o
=}
S
S

Compaction coef. {g.mm

Day 90
16000 v

14000
£ 12000

8000
6000
4000
2000

10

20
Speed (mm/s)

50 100

3 Control :TCP %502 #GMS %MD

Figure 2. PFSD compaction coefficient trends of the powdered coffee samples

The flow stability of coffee samples is shown in
Table 2. An increase in flow stability values was
generally observed during the storage period of
ready to drink coffee blends. However, flow
stability values decreased in instant coffees with
maltodextrin added. Especially in coffees that are
referred to as control and do not contain any anti-
caking agent, the flow stability values started with
0.83 and were determined as 1.02 at the end of
storage. On the other hand, at the end of the
storage period, the lowest flow stability value was
determined as 0.96 in instant coffees with GMS
and MD additions. Additionally, no difference
could be detected in the stability values of control,
TCP and SiO; added coffee samples as a result of
storage (p > 0.05). If the flow stability value is equal
to 1, it is stated that the form of the powder
product does not change. If it is less than or greater
than 1, it is explained as the powder changing
during the analysis (Benkovic and Bauman, 2009).

Scanned electron microscopy (SEM)
Figure 3 shows SEM images of instant coffee
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mixtures. SEM images are evaluated to show the
changes of powder samples during storage
processes. SEM images were obtained after the 1%
and 90™ days of storage for coffee samples
without any anti-caking agent, and after the 90t
day of storage for coffee samples containing anti-
caking agent. SEM images of the samples are
shown at 100x and 500x magnification. As a result
of the evaluation, 500x magnification images of
the samples prepared with maltodextrin (MD)
anti-caking agent show that there is no caking and
the ingredients in the instant coffee mixture are
present separately. Among the anti-caking agents,
it can be said that MD is the best additive in instant
coffee formulation.

Anti-caking agents prevent caking by different
mechanisms such as water binding and barrier
formation. For example, it is known that silicon
dioxide coats the main product due to its small
particle size and thus prevents caking (Nurhadi ve
Roos, 2017). When the SEM images are examined,
it is thought that anticaking agents surround the
particles of the components in the coffee mixture
and prevent them from coming together.
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Conclusion

In this study, different anti-caking agents were
added to ready-to-drink coffee samples and the
changes in the powder product form during the
storage period were determined by powder flow
and SEM imaging. The problems of agglomeration
and caking of powdered products effect the choice
of packaging material, determination of storage
processes and even determination of transfer
routes for countries where they can be sent
abroad. For this reason, the outputs of the study
are considered important for ready-to-drink coffee
samples that are consumed quite frequently. As a
result of the study, it was determined that the
caking values of the control coffee samples
without any anti-caking agent increased during the
storage process. On the other hand, it was
determined that agents such as maltodextrin and
glycerol monostearate did not cause caking and
other additives used significantly reduced the
caking values. In addition, SEM images were used
to determine the agglomeration and caking of
powders in the powder product and the visual
results were similar to the powder flow values. It
was observed that the anti-caking agents selected
for the study were very effective during the
storage period. It was observed that the anti-
caking agents selected for the study were quite
effective during the storage period. After this
stage, new studies can be conducted with mixture
forms to determine the synergistic effects of anti-
caking agents, different anti-caking agents can be
tried in the coffee sample, and the effects of the
agents used within the scope of the study can be
tested in different powder product groups to
investigate their effects. Because of our study is a
very new research in terms of literature, we
believe that there is a need for a lot of new
research in this field regarding powder product
groups.
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Introduction

The prevalence of

chronic

ABSTRACT

Dry legumes are frequently preferred as a protein source in plant-based diets. In this
study, the production of "pea pasta" with the addition of pea protein powder was
aimed. Moisture, ash, protein, weight loss, volume, and cooking time characteristics
of the pasta were examined. Additionally, the sensory properties of the produced pea
pasta and its effect on individuals' satiety were investigated, and the results were
evaluated. In all sensory analyses, the pasta sample containing 10% pea protein
powder was the most preferred among 8 different criteria. It was observed that the
satiety lasted longer when consumers consumed pasta containing 10% pea protein
powder compared to the control pasta consumption.

Key Words: Vegetarian pasta, pea protein powder, cooking properties, sensory
evaluation
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Kuru baklagiller bitkisel bazli beslenmede protein kaynag olarak siklikla tercih
edilmektedir. Bu calismada bezelye protein tozu ilavesiyle “bezelye makarnasi”
Uretimi amaclanmistir. Orneklerde nem, kiil, protein tayini ile agirhk kaybi, hacim,
pisme suresi oOzellikleri incelenmistir. Ayrica lretilen bezelyeli makarnanin duyusal
ozellikleri ve bireylerin tokluk hissine etkisi de arastirilarak sonuglar
degerlendirilmistir. Tim duyusal analizlerde %10 bezelye protein tozu igeren makarna
ornegi 8 farkli kriter arasindan en begenilen gesit olmustur. Tuketicilerin %10 bezelye
protein tozu iceren makarna tiketimlerinin kontrol makarna tiketimi ile
karsilastiriimasinda tokluk hislerinin daha uzun stirdigi gortlmastir.

Anahtar Kelimeler: Vejetaryen makarna, bezelye protein tozu, pisme o6zellikleri,
duyusal degerlendirme

have a negative impact on health. There are many

diets for the treatment of obesity. There is ample

diseases is  oyidence from prospective cohort studies to

increasing worldwide and can lead to many
deaths. The quality of life of individuals is affected
by the difficulty of health care costs and access to
healthy food. “Obesity” (Body mass index [BMI] >
30) and “overweight” (BMI 25-29.9) represent
abnormal or excessive fat accumulation that can
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support plant-based diets in preventing obesity
and chronic diseases. (Gibbs and Cappuccio,
2022) A recent randomized controlled trial found
that a diet
Faecalibacterium  prausnitzii and decreased

low-fat  vegan increased
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Bacteroides fragilis, which was associated with
greater body weight, fat mass, loss of visceral fat,
and increased insulin sensitivity (Ahmad, 2022).
Plant-based nutrition reduces total cholesterol
and LDL levels and reduces fasting blood sugar,
fasting insulin and insulin resistance levels. This
nutritional style can be used in the treatment of
some diseases, especially obesity (Ilvanova et. al.,
2021).

Protein is one of the essential nutrients for the
human its benefits for

body and weight

management, satiety, muscle and skeletal
development have been recognized for a long
time (Ahnen et al.,, 2019). Protein sources are
classified in two ways as plant and animal. Today,
animal products are considered the main protein
source. However, because of the increasing world
population and the inability of every individual to
the

Guidelines

have access to animal-derived protein,
Board
recommended

Advisory for  Dietary

increasing vegetable protein
consumption (Pasiakos and Lieberman, 2015). The
plant-based diet, includes less meat and meat
products consumption, which includes ecological
concerns such as a sustainable life and supporting
the global climate crisis, in addition to the desire
of individuals to be healthy (Courty, et al., 2015).
Legumes, oil seeds and whole grains are good
sources of vegetable protein thanks to their high
protein content (Pasiakos and Lieberman, 2015).
Food legumes are products of the Leguminosae
family also called Fabaceae. They are grown
mainly for their edible seeds and therefore are
also called cereal pulses (Igbal et al., 2006). The
Leguminaseae family contains three orders within
itself. Of these orders, Phaseolaeae, beans, and
cowpea; Vicieae, lentils, peas and chickpeas;
Hedysaraeae are the orders that include peanuts
(Gokhisar, 2018). Beans, peas, soybeans, broad
beans, black-eyed peas, etc. from legumes
constitute a very important trade area in the
world, especially in Latin America and Asia (Ertas,
2013). In Turkey, the production share of legumes
progresses as chickpeas, lentils, beans, broad
beans and peas, respectively (Yilmaz and Sen,

2021).
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Peas (Pisum sativum L.), has been cultivated since
ancient times. Its homeland is Western Asia and
Europe. When the nutritional elements of peas
are examined, 70-80% of fresh peas consist of
water, 6-8% protein and 12-15% carbohydrates.
Dried peas consist of 6-16% water, 18-20%
protein, and 20-60% carbohydrates (USDA, 2022).
Pea protein contains 9 essential amino acids that
are essential for the human body. In addition, it
also contains leucine, isoleucine and valine, which
which

support muscle growth (Témoskozi, et al., 2001).

we call branched-chain amino acids,
It has been found to be rich in various vitamins
and minerals such as P, Ca, Mg, Fe, K (USDA,
2022). Peas, on the other hand, have not been
adequately evaluated in the production of gluten-
free, vegetarian, vegetable protein foods, the
sector expanding daily.

In this context, thanks to the functional
properties and high nutritional value of peas, it is
thought that developing a product that can be
consumed by everyone in the society by using pea
protein concentrate and isolate in the food
industry. Peas contain very important nutrients in
terms of nutrition. In addition to being one of the
best it
individuals stay full for longer with its high fiber

plant-based protein sources, helps
content (Temiz and Yesilsu, 2006). According to
USDA data, 100 grams of cooked green peas
134 kcal, 144 g

carbohydrate, 0 g cholesterol, 0.4 g fat, 2 g

contains; 6.3 g protein,
dietary fiber, 116 mg phosphorus, 26 mg calcium,
1.9 mg iron, 2 mg sodium, 316 mg potassium, 35
mg magnesium, 0.7 mg Vitamin A, 0.35 mg
vitamin B1, 0.14 mg vitamin B2, 35.5 mg folic
acid, 27 mg vitamin C, 2.1 mg vitamin E (USDA,
2022).

Foods high in protein increase the levels of
certain hormones in the human body that reduce
appetite. These hormones are glucagon-like
peptide-1 (GLP-1), cholecystokinin (CCK) and
peptide YY (PYY). Protein and fiber slow down
digestion and increase the feeling of satiety
(Wilde and Nakkoul, 2009).

Different
concentrate, pea protein isolate pea and flour can

products such as pea protein
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be obtained from pea grains. Among these

products, especially pea protein isolate and
concentrate have a better nutritional quality than
other forms of consumption of peas and are a
good source of vegetable protein. Pea protein
isolate typically contains around 80-85% protein
content. Pea protein concentrate usually has a
slightly lower protein content, ranging from 60-
80%, depending on the processing method and
specific product (Shanthakumar et al., 2022).
Thanks to its protein content, it can be used as a
method of enriching foods in terms of protein
(Lam et al.,2016)

The flour substituted with pea protein isolate
had a good bread making potential compared to
the unsubstituted flour. Protein content was
increased by more than 20% with pea protein
isolate, the specific volume of bread samples with
high protein content increased more than the
others (Marchaiset al., 2011).

Gluten-free rice pastas and pasta samples
containing different legume flours were prepared
and examined by adding different proportions of
pea, chickpea and red lentil flour to rice flour.
of the

mouthfeel and taste properties of the pastas was

Sensory analysis surface, chewing,
performed. It was concluded that the legume
flour added pasta samples were acceptable
according to the sensory analysis results and the
most popular legume flour added pasta in terms
of taste was the lentil flour added pasta (Hosta,
2012).

This study aimed to prepare pasta samples
with pea protein powder (PPP) that have high
nutritional value and will increase the satiety of
consumers. Therefore, this study aims to evaluate
the physicochemical properties and quality
characteristics of pasta after adding pea protein
powder as a flour substitute.

Material and methods

Materials

In the production of pasta with added pea
protein powder, semolina flour made from
durum wheat, ground twice, and 100% natural
powder from Saffoods Food

pea protein
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Industry Co. Ltd. have been utilized. Both
flours have been stored in a cool and sealed
area until use. Additionally, eggs, drinking

water, and table salt used in pasta production

were sourced from local markets. Pasta
production trials and physical as well as
sensory analyses were conducted in the

culinary workshops of the Department of
Gastronomy and Culinary Arts at Baskent
University during the study. Moisture, ash, and
protein analyses were carried out by Aysenur
& Turan Food Control Laboratory Inc.

Method

Pasta preparation

Preliminary trials were conducted initially
for pasta production. In these preliminary
trials, pasta was produced using semolina
flour. However, the resulting pasta was not
preferred due to its granular appearance in
terms of texture. Following the failure of the
initial trial, the liquid source was changed to
increase the protein content of the pasta.
However, this change in the liquid source led
to increased stickiness, an undesirable
characteristic of the pasta dough, resulting in
another unsuccessful trial. In the final trial,
semolina flour was replaced with semolina
flour made from double-milled durum wheat.
It was decided to use only water as the liquid
source, and the pasta was produced again
using traditional methods. In the conducted
trials, pea protein powder was added to the
pasta at rates of 0%, 10%, 20%, and 30%, and
the desired texture was achieved. In the study,
which
Institutional Review Board with the number E-
62310886-302.14.05-97460,

through three trial stages, the selected pasta

received ethical approval from the

after  passing
sample was presented to the panelists for their
evaluation.

The formulation utilized in pasta production
is outlined in Table 1. Pea protein powder
(PPP) was incorporated into the pasta
formulations at rates of 0% (PPP-0), 10% (PPP-
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10), 20% (PPP-20), and 30% (PPP-30) (Table 1),

while semolina flour was removed at
corresponding rates. The doughs were then
mixed for 10 minutes. To prevent the dough
from drying out, it was divided into portions,
covered with cling film, and allowed to rest for
30 minutes. Subsequently, the rested pasta
dough was rolled out to the desired thinness

using a rolling pin until it could pass through a

pasta machine (Marcato In the Ampia 180,
Italy). The dough was then passed through the
machine twice at the 0 setting and twice at the
3 setting, and shaped into linguine. The shaped
pasta was left to dry in sunlight for 24 hours.
Pasta dries in 18-24 hours on average. In order
to understand that the pasta was dried as
desired, the breaking process was carried out
(Ficco et al., 2016).

Table 1. Composition of pasta and amount of pea protein powder added to pasta

Raw materials (g) Control(0%PPP) 10% PPP 20% PPP 30% PPP
Semolina Flour (g) 174 156.6 139.2 121.8
Pea Protein Powder (g) 0 17.4 34.8 52.2
Water (g) 60 60 60 60
Egg (g) 50 50 50 50
Salt (g) 5 5 5 5
Totals 289 289 289 289
Chemical analysis of the white-colored particles was recorded as
The Moisture content was analyzed the optimum cooking time (Koksel, et al.,

according to the AOAC 977.21:2012 method.
The Kjeldahl method was used to analyze the
total protein (AOAC 920.176:2012). The color
properties were estimated with the tristimulus
with  CIELAB
coordinates (L*a*b*) in a Konica Minolta CR-

spectrophotometry method,

400 series equipment where the L* parameter
indicates luminosity, the a* axis shows the
variation from red (+a*) to green (-a*) and the
b* axis shows the variation from yellow (+b*)
to blue (-b*).

Cooking analysis
Cooking time

Optimum cooking time of pasta samples
were determined by the method applied by
Koksel, et al., (2000). 25 g of pasta sample was
added into the 200 mL distilled water and
brought to the boiling point, and a piece of
pasta was taken out every 1 minute and placed
between two glass slides. This process was
repeated until no white particles remained in
the pasta between the slides.

Minutes were measured with a stopwatch.
The time elapsed from placing the pasta
samples in boiling water to the disappearance

2000).

Volume increase

For volume expansion analysis, each pasta
sample was cooked, drained, and then placed
in @ 100 ml graduated cylinder containing 50
ml of distilled water. Subsequently, the volume
changes caused by the sample in the water
were noted. The same procedure was repeated
for dry pasta samples, and the amount of
water displaced was recorded. The difference
between these measurements was noted, and
the volume expansion was calculated as a
percentage (%), following the equation
provided by Demir (2008). These procedures
were repeated twice, and the averages were
recorded. The equation used for volume

expansion is provided below.
(V2-V1) x 100
Vi

% Volume increase=

V1: Cooked pasta volume (ml)
V2: Raw pasta volume (ml)

Weight increase (Water absorption)
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Dry weight measurements of 25 g were
taken for each pasta sample before starting
the analysis. Then, 25 g of sample samples
were cooked in beakers filled with 200 ml of
distilled water. The cooked pasta was filtered
in a porcelain sieve for 5 minutes.

The weight of the filtered pasta was measured
with the help of precision scales. The weight

gains of the pasta were calculated by
determining the differences between the
weighing before and after cooking. The

equation used for weight gain is given below
(Lai, 2001).

0% Weight gain = 2= GDx100

G1
G1: weight of cooked pasta

G2: Weight of raw pasta

Sensory analysis

The research consists of two parts. In the first
part of the research, the sample consists of 12
trained panellists. In the second part of the study,
the sample consists of 10 participants, 6 female
and 4 males, who received nutrition counseling
services.

The
through a sensory profile by multidimensional

sensory analysis was determined

approximation. 12 trained panelists were
between 20 and 50 years old. As a sensory
analysis scale, the characteristics of the panel
to be applied were determined concerning the
book "Sensory Evaluation in Food" by Altug-
Onogur and Elmaci (Altug- Onogur and Elmaci,
2015). A random three-digit code was given to
each pasta group and sample plates were
presented to the panelists in random order.
During the tasting of the pasta samples, they
were asked to drink water after the evaluation
of each pasta. Cooked Pasta was evaluated for
seven properties: color, surface texture, odor,
chewiness, taste, appearance, and general
taste. The evaluation in the prepared tasting
form is based on a 5-point Likert scale with a
hedonic scale of 1-5 (5 points: Very good, 4
Points: Good, 3 Points: Acceptable, 2 Points:

Not Sufficient, 1 Point: Bad"). While preparing
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the pasta samples for analysis, 100 g sample
was cooked in 500 mL water for 10 minutes
and the excess water was filtered for 20
seconds (Kéten and Unsal, 2022).

Ten different individuals with similar health
backgrounds who received nutrition counseling
services had the most acceptable pasta sample
added to their diet lists. In the diet plans of
these individuals, with pasta being the only

variable, the rest of the day's nutrition
programs were kept identical, considering
macronutrients and  physical  activities.

Individuals receiving dietary counseling were
asked to consume both the control pasta and
the pasta with added pea protein powder, and
then to note the duration of satiety they
experienced throughout the day.

Statistical analysis

Statistical analysis of all data obtained from
the analysis was made. Analyzes were carried
out using the statistical package program
(SPSS). Standard deviation and mean among
descriptive statistics were used in the analyses.
Kruskal Wallis test was applied to the data that
did not fit the normal distribution. Bonferroni
Post Hoc test was used to test the difference
between the groups and it was accepted as
significant (p<0.05).
Results and Discussion

Chemical composition and physicochemical
properties of pasta

According to the analysis results, the ash
value of the control (0%) pasta sample is 2.73%
t 0.49%, the 10% PPP added pasta sample is
3.11% * 0.56, and the 20% PPP added pasta
sample is 2.58 + 0.46%. It was determined that
the pasta sample with 30% PPP addition had an
ash value of 3.74% + 0.67%. It is observed that
ash values increase as PPP addition in foods
increases, except for pasta with 20% PPP
addition. Since PPP
minerals and protein, the ash value is expected
to be higher than the control (0%) (Pinarh et
al., 2004). In a study in which sensory analysis

is richer in vitamins,
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was performed by adding wheat germ to pasta
samples, it was observed that as the amount of
wheat germ, which is considered rich in fiber,
the pasta
increased (Pinarli et al., 2004). It is observed

increased, amount of ash in

that the ash value increases as the amount of

carob flour, which has high vitamin and
mineral value, increases in the pastas for which
chemical analyzes were made by adding carob
flour in different proportions, showing results
consistent with our study (Yilmaz and Sen,

2021).

Table 2: Results of moisture, ash and protein content of pasta samples (%)

Pasta Samples Moisture Analysis (%)

Ash Analysis (%)

Protein Analysis (%)

PPP-0 9.77+0.39° 2.73+0.49°¢ 15.92+1.75¢
PPP-10 9.27+0.37°¢ 3.11+0.56° 20.51+2.26°
PPP-20 9.13+0.37¢ 2.58+0.46¢ 24.72+2.72°
PPP-30 9.53+0.38° 3.74+0.67° 29.59+3.25°

-Parameters are given on the dry matter. Protein calculated with a factor of 5.75

-Means * standard deviations that do not share the same subscript in the same column are significantly different from each

other (p < 0.05).

According to Table 2, it is observed that as the
PPP addition in foods increases, the moisture
content decreases compared to the control pasta.
From this result, it can be said that PPP-added
pasta is more resistant to negative conditions
such as mold and toxin formation compared to
the control (0%) pasta sample. In the studies
examined in the literature, the moisture holding
ability decreases as the protein content increases
(Yilmaz and Sen, 2021).

The protein powder used contained 85 grams
of protein per 100 grams and semolina contained
11,5 grams of protein per 100 grams. As a result
of the analysis, the protein content of 15.92 +
1.75% in the control (0%), 20.51% + 2.26% for
pasta with 10% PPP added, 24.72 + 2.72 % for
pasta with 20% PPP added, for the pasta sample
with 30% PPP addition, it was recorded as 29.59%
+ 3.25%. It was determined that the protein
values of the pasta increased as the PPP addition
increased. As can be seen from the ash and
protein analysis, pasta with PPP is richer in terms
of nutrients and protein (Messia et al., 2021). This
result positively affects the fact that pasta, which
is one of the aims of the study, increases the
protein and fiber ratio and provides a greater
feeling of satiety. In a study where pasta
production was carried out with the addition of
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broad bean flour, it was observed that the ash
and protein ratio in the pasta increased as the
bean ratio increased (Jayesena and Nasar -Abbas,
2011).

Physical properties
Cooking properties

Cooking time analyzes of control and pasta
with pea protein powder are given in Table 3.
The cooking time of pasta is one of the factors
that determine the quality of pasta. The fact
that the pasta is cooked in a short time is a
that the
acceptance of the consumer (Gull, Prasad, &
Kumar, 2015). While the pasta sample with 0%
pea protein powder was cooked for 8 minutes,
it was observed that the pasta with 10% PPP
was cooked in 9 minutes, and the pasta
samples with 20% and 30% PPP added in the
11th minute were cooked and no starch

feature increases liking and

particles remained when compressed between
two slides. As can be seen, greater the pea
the
cooking time in pasta samples. One reason

protein powder increases, longer the

may be that there is more protein surrounding
the starch (Yang et al., 2018).

In studies investigating the effects of

protein on starch hydrolysis, it has been
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that
properties

in
the

observed protein can intervene

nutritional and facilitate

Table 3. Cooking analysis results

malabsorption of starch by blocking enzyme
binding sites (Oates, 1997).

Cooking Time (Seconds)

Weight increase %

Volume increase %

PPP-0 513+ 1.43¢ 211.00+1.00¢ 280.67+0.58°
PPP-10 547 £ 1.44¢ 193.00+2.65¢ 454.67+1.15°
PPP-20 600 + 0.00° 307.33+1.152 372.00+1.73°
PPP-30 633 +1.43° 226.00+3.46° 180.00+8.66¢

Parameters are given means * standard deviations

Means + standard deviations that do not share the same subscript in the same column are significantly different from each other

(p < 0.05).

Cooking Analysis

700 633
600

600 547

513
500
400

300

211 193

200

100

o

Cooking time

Weight increase

mPPP-0 M PPP-10

Figure 1. Cooking analysis results

In studies conducted to determine the
contribution of pulse flour to weight gain in
the literature, Giuberti, Gallo, Cerioli, Fortunati
and Masoero (2015) found that the optimum
cooking time increased as the amount of white
bean flour increased in the pasta formulations
they developed by adding 10%, 20% and 40%
white bean flour.

In weight gain, 211 +1.00 weight gain was
observed in the control sample containing 0%
PPP, 193 + 2.65 in the pasta sample containing
10% PPP, 307.33 £ 1.15 in the pasta sample
containing 20% PPP, and 226 * 3.46 in the
pasta sample containing 30% PPP.

The
significantly different from each other, X? =

means were found statistically

10.458, p < 0.05. Pairwise comparisons indicate
that the only significant difference was found
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454,67

372
307,33

226

280,67

180

Volume increase

PPP-20 m PPP-30

between the pasta sample containing 10% PPP
and 20% PPP. In line with these results, it was
determined that the maximum increase in
weight was in the pasta sample containing 20%
PPP. As a result of the exposure of the pasta to
the cooking process, it is expected that the
mass and volume increase of the pasta samples
will be high. Mass a low increase indicates a
weak water binding capacity. Poor water

binding capacity causes an increase in
hardness, which is an undesirable feature in
pasta.

When the volume increase analysis results
of the prepared samples were examined, a
of 280.67 + 0.58 was
observed in the control pasta, an increase of
454.67 = 1.15 in the pasta with 10% PPP, and

372 + 1.73 in the pasta sample with 20% PPP.

volume increases
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Also, an increase of 180 * 8.66 was observed in
pasta with 30% PPP. The means of the volume
increases were found statistically significantly
different from each other, X> = 10.583, p <
0.05. Pairwise comparisons indicate that the
pasta sample with 30% PPP has significantly
lower volume increase compared to 10% PPP.

observed that the pasta sample with the
lowest volume increase compared to the
control pasta was the pasta with 30% PPP. The
reason for this may be the decrease in water
absorption capacity due to the increased
protein content. Table 4 shows the color

analysis results of pasta samples.

In 3 samples with PPP addition, it was

Table 4: Color analysis results of pasta samples

Pasta Samples L* a* b*

PPP-0 68.39+0.20° 5.72+0.87° 20.96%0.10°
PPP-10 57.87+1.57° 5.37+0.18° 15.22+0.08°
PPP-20 55.11+0,10¢ 5.1240.03¢ 15.25+0.07
PPP-30 52.49%0,70¢ 5.07£0.03¢ 10.53+0.02¢

Parameters are given means * standard deviations

Means + standard deviations that do not share the same subscript

(p < 0.05).

When the results in Table 4 are evaluated, it is
seen that the colour criteria change as the protein
ratio increases.

Sensory analysis

When the findings given in Table 5 are
examined, it is seen that the criteria that the
panelists gave the highest score regarding 0% PPP
as expected. And then 10% PPP added pasta was
color with a mean score of 4.58+0.51, followed by
an appearance with a mean score of 4.25+0.75
and appearance with a mean score of 4.17+. It is
followed by stickiness with an average score of
0.72. The criteria that the panelists gave the
lowest score for pasta with 10% PPP added were

smell with an average score of 3.42+1.08, surface

Table 5: Sensory analysis results of pasta samples
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in the same column are significantly different from each other

texture with an average score of 3.58+0.79, and
taste with an average score of 3.83+0.72. is seen.
According to the results, pasta with 10% PPP
added was mostly liked in terms of all criteria.
While it was seen that the criterion that the
panelists gave the highest score for pasta with
20% PPP added was stickiness with a mean score
of 4.08£0.90, it was followed by a general liking
with a mean score of 4.00+0.60, and a mean score
of 3.8310.83, respectively. For color, the highest
value was obtained in 10% PPP sample with
4.5840.51, while the color decreased as the pea
flour ratio in the samples increased and the
smallest value in this sense was obtained from
30% PPP sample with 2.83+0.72.
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Criteria 0% PPP 10% PPP 20% PPP 30% PPP p

Color 4.88+0.41% 4.58+0.512 3.83+0.83¢ 2.83+0.72¢ .000
Surface Texture 4.28+0.90° 3.58+0.798 3.17+1.03" 2.50+0.67% .000
Smell 4.40+0.80¢° 3.42+1.08" 3.50+0.80 2.92+0.67¢ .000
Chewability 4.92+0.52° 3.9240.90¢ 3.7540.75¢ 3.1740.72° .000
Stickiness 4.56+0.82° 4.17+0.72° 4.08+0.90° 3.50+0,80° .000
Flavor 4.83+0.24° 3.83+0.72f 3,58+0.79¢ 2.67+0.65 .000
Appearance 4.55+0.13¢ 4.25+0.75° 3.25+0.758 2.92+0.79¢ .000
General Liking 4.85+0.57° 4.08+0.67¢ 4.00+0.60° 2.83+0.72¢ .000

Parameters are given means * standard deviations

Means + standard deviations that do not share the same subscript in the same line are significantly different from each other (p

<0.05).

The criteria that the panelists gave the lowest
score for pasta with 30% PPP were color, surface
texture, smell, chewability, stickiness, flavor and
appearance.

In accordance with the table, an increase in the
protein content has a negative effect on the
sensory properties.

Sensory attributes of pastas

e 0% PPP e 10% PPP

Color

5

General Liking

Appearance

Flavor

20% PPP  em= 30% PPP

Texture

Smell

Chewability

Stickiness

Figure 2. Sensory attributes of pastas

The effect of protein powder addition applied
at different ratios on the sensory properties of
pasta is as shown in Figure 2. Increasing protein
ratio was found to have a negative effect on the
sensory evaluations of the panelists.

In the analyzes made, it was determined that
than
stickiness remained below the "3" value and were

many criteria other chewability and
classified as "bad". The reason for this is that as
the amount of pea powder increases, it does not
meet the pasta criteria desired by the consumer,
as it creates an undesirable woody odor, rough
surface and hard texture.

Repeated measures ANOVA was conducted to
test the differences in the sensory analysis results

among pasta samples. The results in Table 5 show
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that,
found between pasta samples in all sensory

statistically significant differences were

analysis criteria, p < 0.05. Post-hoc analyses
revealed that pasta with 0% PPP has significantly
highest scores in surface texture, chewability,
flavor and general liking criteria while pasta with
30% PPP has lowest scores and pasta with 10%
and 20% PPP were statistically did not differ from
each other. In terms of color criteria, all pasta
samples differed significantly from each other
with 0% PPP has the highest score and 30% PPP
has the lowest score. Also, in terms of smell
criteria, pasta with %0 PPP has significantly the
highest score while other pasta samples (10%,
20%, 30%) did not differ significantly from each
other. In terms of stickiness, pasta with 30% PPP
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has significantly the lowest score while other
pasta samples (0%, 10%, 20%) did not differ
significantly from each other. Lastly, in terms of

appearance criteria, pasta with 0% and 10% PPP
have higher scores than pasta with 20% and 30%
PPP.

Table 6. Repeated measures variance for comparison of general liking criteria analysis results

General liking Mean Std. deviation F p Post-hoc
results of
pasta
10% PPP 4,08 0.67
20% PPP 4.00 0.60 30,143 0.000 1>3
30% PPP 2.83 0.72

Repeated measures variance to compare 3
different BPT-added pastas According to the
results of the analysis, Table As shown in Table 6,
a significant difference was found, F(2, 22) =
30.143, p < 0.05. A test was conducted to
determine between which groups the significant

Table 7. Hedonic scale findings (n=12)

difference was found. According to the Bonferroni
Post-hoc test, the pasta with 10% BPT addition
received in the general appreciation criterion
score was found to be significantly higher than
the other pastas.

Standard
Pasta mean(x) Overall Rating Average(x) deviation
10% PPP 4.08
20% PPP 4.00 X =3.63 0.87
30% PPP 2.83
According to the data in Table 7, it was increase in the amount of protein powder

determined that the most liked pasta (x =4.08)
was the pasta with 10% pea protein powder on
average. It was determined that the 20% PPP
added pasta sample (x =4.00) had an average
level of liking. (X =2.83) and the pasta with 30%
PPP addition was determined to be the pasta with
the least liking level. The general liking level of 3
kinds of pasta (X =3.63) has an average. Pasta with
10% and 20% PPP added were described as
“Good” by the panelists based on the hedonic
scale. Unlike the pasta with 30% PPP, the other
two pasta samples have the potential to be added
to the diet of consumers.

In the study, each sensory analysis criterion
was subjected to a comparative analysis of
variance. According to the results of the analysis,
there was a significant difference in chewiness,
stickiness, taste, appearance and general taste
criteria, but no significant difference was found in
the odor criterion by the panelists.
the

These differences occurred because
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changed the texture of the pasta dough. All of
these criteria constitute the quality of pasta and
affect the acceptability of pasta by consumers.

In the results of the analysis, pasta with 10% PPP
and 20% PPP added positive feedback from the
panelists. Pasta with 30% PPP was not considered
an acceptable pasta by the panelists. According to
the results of the analysis of variance of repeated
measurements made to compare 3 different pea
protein powder (PPP) added pasta, significant
differences were found between the evaluations
for the color criteria. The most popular pasta in
terms of color was the pasta with a 10% PPP
addition. The addition of pea protein powder
gives a darker color to the pasta. It is thought that
the pasta with 30% PPP addition gets fewer points
in terms of color due to the darkening of the color
of the pasta as the PPP addition increases.

When the repeated measurements were made
to compare the pasta with 3 different pea protein
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powder (PPP) additions were examined in terms
of chewiness, stickiness and surface texture
criteria according to the results of analysis of
variance, the pasta with 10% PPP added was the
most popular pasta, while the pasta with 30% PPP
addition

received the lowest score by the

Table 8. Opinions of consumers about pea protein pasta

panelists. The pasta was an example. PPP adds a
rough texture to the pasta dough. As the PPP
powder used in pasta samples increases, it is
thought that consumers prefer it less because the
quality criteria of pasta deteriorate.

%

The effect of pasta enriched with pea protein on your feeling of fullness

Very good 5 50
Good 4 40
Acceptable 0 0
Bad 1 10
Too bad 0 0
The effect of pasta not enriched with pea protein on your feeling of fullness

Very good 0 0
Good 4 40
Acceptable 5 50
Bad 1 10
Too bad 0 0
Total 10 100

Ten consumers who participated in the study
were asked to indicate their feelings of fullness
for the pasta with 10% pea protein powder and
the control pasta. Individuals who had the same
diet meals during the day were asked to fill in the
guestionnaire, considering the time of hunger
after consuming pasta with PPP and the time of
hunger after consuming control pasta.
Considering the findings in Table 8, 50% of the
consumers defined the pea protein-enriched
pasta as very good, 40% as good, and 10% as bad
when they evaluated the feeling of satiety. When
consumers were asked to evaluate the control
pasta, 50% defined it as acceptable, 40% as good
and 10% as bad. Considering these findings, it can
be said that the pasta enriched with pea protein
gives a feeling of satiety for a longer time than the
control pasta sample.

In a randomized controlled trial conducted in
Oxford, participants were randomly assigned to
test glucose (control), glucose with 25 g pea
protein (test 1) and glucose with 50 g pea protein
(test 2) on three separate days. The result was
that consumption reduced

of pea protein
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postprandial insulin

release in healthy adults with a dose-response

glycemia and stimulated

effect, supporting its role in regulating glycemic
and insulinemic responses (Thondre et al., 2021).

In a randomized, crossover acute feeding study
consisting of four treatments: chocolate beverage
alone (50 g carbohydrate), or added with 24 g oat,
pea or rice proteins tasted by Chinese males and
blood tests were taken after consuming the
beverages. The result shows alone chocolate
Plant-based
beverage option has more useful glycemic control

beverages effects desire to eat.

and suppression of hunger (Tan et al., 2018).

Conclusion

In this study, vegetarian pasta formulations
incorporating three different ratios of pea protein
powder were developed, and a sensory analysis
test was conducted to assess the acceptability of
the pasta among twelve panelists trained in
sensory analysis. Following the sensory analysis
tasked with
evaluating the satiety-inducing effects of the

test, trained panelists were
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with the highest overall

acceptability by incorporating them into the diet

pasta samples
plans of ten individuals who received nutritional
counseling, consisting of six females and four
males.

The sensory evaluation of the pasta samples,
assessed across seven criteria, revealed that
those with 10% and 20% pea protein powder
(PPP) additions received positive feedback from
consumers. Conversely, the pasta sample with the
highest protein content, containing 30% PPP, was
not preferred by the panelists and received lower
scores in the quality assessment criteria of the
of variance
the
results across various sensory attributes, including

sensory analysis test. Analysis

demonstrated significant differences in
general taste, color, flavor, stickiness, chewiness,
appearance, and surface texture, excluding odor.

The study highlights the potential of pea
protein powder as a valuable food ingredient,
enriching the nutritional profile of pasta with its
abundance in vitamins, minerals, and protein
content. Furthermore, findings from the analysis
of satiety feelings among consumers who
received nutritional counseling revealed that
pasta with 10% PPP addition, favored by the
panelists, elicited prolonged satiety compared to
other samples, aligning with one of the research
objectives. Future investigations should consider
additional factors influencing satiety, such as daily
physical activity, water intake, and sleep duration.

This study represents the first attempt to
produce pasta formulations solely using pea
protein powder at varying inclusion rates. It is
anticipated that these findings will promote the
consumption of pasta, a staple food widely
consumed and easily stored in our country,
particularly among individuals seeking alternative
protein sources due to limited access to animal
protein.
Future research endeavors should focus on
developing pasta and similar food products with
higher PPP inclusion rates, aiming to enhance
protein content and nutritional value while

ensuring consumer acceptance and satisfaction.
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Bu calismada %2, 8, 16 ve 32 (w/v) olmak lizere doért farkl oranda nar eksisi eklenmis
aljinat kaplama materyali kullanilarak jellesme yontemi ile mikrokapsiller Uretilmistir.
Uretilen mikrokapsiillerde kuru madde icerigi, su aktivitesi (aw) ve L* a* b* renk
degerleri, kapsul ¢api, yigin yogunlugu, antosiyanin icerigi ve FTIR taramasi gibi baz
fizikokimyasal 6zellikleri karsilastirmali olarak incelenmistir. Mikrokapstillerin Gretiminde
eklenen nar eksisi orani arttikca kuru madde (%9.71 - 22.31), kapsil ¢api (1.72 - 2.81
mm), a*(-0.44 - 6.99), b*(-1.34 - 6.09) renk degerleri ve antosiyanin igeriginin (0.042 -
0.981 mg/kg) arttigi su aktivitesi (0.97 - 0.99), yigin yogunlugu (0.47 - 0.54 g mL!) ve L*
(31.64 - 42.60 ) renk degerinin ise azaldigi belirlenmistir. %32 oraninda nar eksisi eklenen
orneklerde arzu edilen renk yogunlugu ve antosiyanin igerigi daha yiksek bulunmasina
ragmen, kapsil seklinin bozuldugu gézlenmistir.

Anahtar Kelimeler: Nar eksisi, enkapsulasyon, antosiyanin, mikrokapsul

ABSTRACT

In this study, microcapsules were produced by gelation method by using alginate coating
material with four different ratios of pomegranate sour added as 2, 8, 16 and 32 (w/v) %.
Some physicochemical properties such as dry matter content, water activity (aw) and L*
a* b* color values, capsule diameter, bulk density, anthocyanin content and FTIR
scanning were comparatively examined in the produced microcapsules. It was
determined that as the ratio of pomegranate sour added in the production of
microcapsules increased, dry matter (9.71 - 22.31%), capsule diameter (1.72 - 2.81 mm),
a*(-0.44 - 6.99), b*(-1.34 - 6.09) color values and anthocyanin content (0.042 - 0.981
mg/kg) increased, while water activity (0.97 - 0.99), bulk density (0.47 - 0.54 g mL?) and

© Copyright 2018 by Harran University
Faculty of Agriculture. Available on-line
at www.dergipark.gov.tr/harranziraat

L* color value (31.64 - 42.60 ) decreased. Although the desired color intensity and
anthocyanin content were found to be higher in the samples with 32% pomegranate sour
added, it was observed that the capsule shape was distorted.

This work is licensed under a Creative

Commons Attribution-Non
@ Commercial 4.0 Intemational License.

Key Words: Pomegranate sour, encapsulation, anthocyanin, microcapsule
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Giris

Punicaceae familyasina ait nar (Punica
granatum L.), bilinen en eski meyvelerden biridir.
Anavatani iran’dan Himalayalar’a kadar uzanan bu
meyve; tropik ve subtropik iklime sahip pek g¢ok
Ulkede yetisebilmektedir. Nar, ayni zamanda sert
kislart ve kurakhg tolere edebilmekte ve ¢ol
kosullarinda bile Uretilebilmektedir. Hindistan,
iran, Cin, Tirkiye, Afganistan, ispanya, Misir, israil
ve Tunus nar ihra¢ eden llkelerin basinda yer
almaktadir (Lansky ve Newman, 2007; Glzel,
2010; Karabiyikli ve Kisla, 2012).

Son yillarda narin beslenme ve saglik yararlari
Uzerine vyapilan ¢ahsmalar nara olan ilgiyi
arttirmistir. Narin 6zellikle delfinidin, siyanidin ve
pelargonidin gibi antosiyaninler ve elajik asit,
punikalajin ve punikalin gibi ellagitanninler
nedeniyle ylksek antioksidan aktiviteye sahip
oldugu vurgulanmakta ve saglik agisindan etkileri
daha c¢ok bu bilesenler ile iliskilendirilmektedir
(Lansky ve Newman, 2007; Budak ve ark., 2013).

Narin yenebilen kismi, yani daneleri, butiln

meyvenin yaklasik %52’sini  olusturmaktadir.
Danenin ise %78i meyve eti ve %22’si
cekirdeklerden  olusmaktadir  (Kulkarni  ve

Aradhya, 2005). Nar danelerinin %79 su, %18
karbonhidrat, %1.1 protein ve %0.9 yag oldugu
bildirilmekle birlikte narin bilesiminin iklim
kosullari, bolge, olgunluk diizeyi ve depolama gibi
faktorlere gore degistigi rapor edilmektedir
(Apaydin, 2008; Giizel, 2010).

Nar taze olarak kullaniminin yaninda meyve
suyu, meyve suyu konsantresi, nar eksisi, sos,
sarap ve likor gibi cesitli Grinlere islenerek te
tiketilebilmektedir (Karabiyikli ve Kisla, 2012).
Ozellikle nar suyu, icerdigi biyoaktif bilesenlerin
saglik acisindan 6nemli etkileri ve cezbedici tadi
ile olduk¢ca popilerdir. Ticari nar suyunun
antioksidan kapasitesinin kirmizi sarap ve vyesil
caya gore ¢ kat daha fazla oldugu bildirilmistir
(Gil ve ark., 2000; Budak ve ark., 2013). Diger
taraftan nar eksisi Turkiye'de agirlikh olarak
Akdeniz, Ege ve Glineydogu Anadolu bodlgelerinde
Uretilmektedir. Daha cok salata ve meze sosu,
tatlandiricc  ve  mesrubat maddesi olarak
kullanilmaktadir. Blyik olcekli Gretim yapan
firmalar tarafindan tedarik edilmekle birlikte
kiicik  ©lceklerde bolgelere gore degisen
geleneksel  yontemlerle de  lretilmektedir
(Karabiyikli ve Kisla, 2012; Budak ve ark., 2013).

Geleneksel nar eksisi, nar meyvelerinin
sikilmasiyla elde edilen meyve suyunun sizilip
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konsantre edilmesiyle elde edilen ve bazi
yiyeceklere tat vermek icin kullanilan eksi bir gida
Urind olarak tanimlanmaktadir (Karabiyikli ve
Kisla, 2012; Budak ve ark., 2013). Nar Eksisi,
kendine 6zgl tatli-eksi ve hafif buruk tadi, koyu
kahverengi rengi ve yogun kivami ile essiz bir
Grindir (Budak ve ark., 2013).

Antioksidanlarca ve 6zellikle antosiyaninlerce
zengin nar ve nar Urlinlerinin gida enddstrisinde
kullanim potansiyeli oldukga yuksektir. Bununla
birlikte bilingli tiketicilerin saglikh yasama yonelik
giderek artan egilimleri, fonksiyonel bilesenlerin

besin degerini artirmak igin gida Urinlerine
ilavesindeki popdulariteyi ve pazar payini da
arttirmaktadir.  Ancak  antosiyaninler  gibi

bilesenler c¢evresel, gastrointestinal ve isleme
kosullarina oldukga hassastir ve énemli kayiplara
ugrayabilmektedirler. Bu nedenle bu bilesenlerin
korunmasi ve gida endistrisinde daha yaygin
kullanimlari icin enkapsilasyon gibi yenilikgi
yaklasimlarin kullaniimaya baslandigi
gorilmektedir (Gokmen ve ark.,2012; Coruhli,
2013; Tavlasoglu, 2016; Tarone ve ark., 2020).
Enkapstlasyon kati, sivi ya da gaz fazdaki bir
bilesen veya karisimin baska bir madde veya
sistem ile kaplanmasi veya hapsedilmesi olarak
tanimlanabilmektedir (Kog ve ark., 2010; Tutun ve
Yurdakul, 2022). Olusan kapsiillerin boyutuna
gore uygulanan islem nanoenkapsiilasyon (<0.2
um), mikroenkapstlasyon (0.2-5000 um), veya
makroenkapsiilasyon (>5000 um)  olarak
adlandirilabilmektedir (Gokmen ve ark., 2012).
Enkapsilasyonda kaplanan madde, aktif madde,
cekirdek, i¢c faz ya da dolgu maddesi olarak;
kaplamada kullanilan madde ise kabuk, kaplama
maddesi, duvar materyali, enkapsiilant,
membran, kapsil, matris, dis faz veya tasiyici
olarak ifade edilebilmektedir (Ray ve ark., 2016).
Enkapsilasyonda aktif maddenin
kaplanmasinda bircok teknik olup en yaygin
kullanilan kimyasal islemler arasinda
koaservasyon, jelasyon, inkllizyon kompleksi, ara
ylzey polimerizasyonu ve emdlsiyon
polimerizasyonu, mekanik islemler arasinda ise
puskirterek kurutma, akiskan yatak, ekstrizyon
ve dondurarak kurutma sayilabilir (Kogve ark.,
2010; Gokmen ve ark.,2012; Tavlasoglu, 2016;
Tarone ve ark., 2020; Tutun ve Yurdakul, 2022).
Damlatma veya iyonik jelasyon olarak da
adlandirilan metot pratik ve ekonomik bir yontem
olarak bilinmekle birlikte ¢ok miktarda drin
Uretimine elverisli olmadigl i¢in daha ¢ok
laboratuvar  uygulamalarinda  kigik  capli
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uretimlerde tercih edilmektedir. Bununla birlikte
son vyillarda gelistirilen  siringa—ekstriizyon
sistemleri ile ylksek miktarda tanecikler
Uretilerek enkapstle gida taneciklerinin
ticarilegtirilmesinin mimkin olabilecegi
belirtilmistir ~ (Coruhli, 2013). Bu ydntem
modernist mutfaklarda yalanci havyar, imitasyon
yumurtalar ve 6zel mantilar gibi farkl Grinlerin
Uretiminde de kendine yer bulmakta ve son
doénemde olduk¢ca popllarite kazanmaktadir
(Topuz ve ark., 2020).

Nar suyu, nar cekirdegi ekstrakti ve nar atiklari
ekstraktlarinin enkapstlasyonu ile ilgili bazi
¢alismalar (Robert ve ark., 2010; Cam ve ark.,
2014) yapilmakla birlikte iyonik jellesme yontemi
ile nar eksisinin enkapstle edildigi bir ¢alismaya
ulasilamamistir. Bu ¢alismada farkh
konsantrasyonlarda nar eksisi  kullaniminin
jellesme yontemi ile Uretilen mikrokapsillerin
fizikokimyasal ozellikleri Uzerine etkisi
arastirilmistir. Bu amagla farkli
konsantrasyonlarda nar eksisi kullanilarak elde
edilen bu mikrokapsillerde kuru madde igerigi, su
aktivitesi (aw) ve L*, a*, b* renk degerleri, kapsiil
¢ap!, yigin yogunlugu, antosiyanin igerigi ve FTIR
taramasi gibi bazi fizikokimyasal 0&zellikleri
karsilastirmali olarak incelenmistir.

Materyal ve Metot

Lokal marketten temin edilen ~71 °Bx nar eksisi
(Kemal Kikrer, Eskisehir, Turkiye) c¢alismada
antosiyanin  kaynag aktif madde olarak
kullaniimistir.  Kapsitllerin  Gretiminde kaplama
materyali olarak sodyum aljinat (Tito, Tlrkiye) ve
sertlestirme c¢ozeltisi olarak da kalsiyum klorir
(CaCly) (Merck, Almanya) kullanilmistir.

Mikrokapsiillerin lretimi

Mikrokapsdllerin Uretiminde Topuz ve ark.,
(2020) ile Nguyen ve ark., (2022)'nin acikladigi
metotlar modifiye edilerek kullaniimistir. Gida
uygulamalarinda kaplama materyali olarak
genellikle polisakkaritler kullanilmaktadir. Fenolik
maddelerin ve Ozellikle de antosiyaninlerin
kaplandigi pek cok calismada (Tavlasoglu, 2016;
Toprakel ve ark., 2022a; Toprakei ve ark., 2022b;
Toprakei ve ark., 2023) sodyum aljinat kullanildig
dikkate alinarak bu calismada da sodyum aljinat
tercih edilmistir. Buna gore %2’lik (g 100 mL™)
sodyum aljinat c¢ozeltisi 60 °C ’‘de mekanik
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karistirici (MTOPS MS3040D Lab. Stirrer, Korea)
kullanilarak  hazirlanmistir.  Oda  sicakhgina
sogutulan sodyum aljinat ¢ozeltilerine % 2, 8, 16
ve 32 oraninda (g 100 mL?) olacak sekilde 71 °Bx
nar eksisi eklenmis ve manyetik karistiricida (~25
°C’de) 30 dk boyunca karistirilmistir. Ardindan bu
karisim 3mL hacimli 1mm delik ¢apina sahip
pastor pipeti kullanilarak manyetik karistirici
Uzerindeki %2’lik hazirlanan CaCl, ¢06zeltisinin
icerisine yaklasik 3 cm mesafeden damlatilarak
mikrokapstllerin  olusumu saglanmigtir. CaCl;
¢Ozeltisinde yaklasik 5 dk bekleyen mikrokapsiller
distile su ile Uzerindeki fazla Ca?* yikandiktan
sonra slzllerek oda sicakliginda kurumaya
birakilmistir. Elde edilen mikrokapsuller analizler
gerceklestirilene kadar maksimum 2 giin 5 °C’'de
muhafaza edilmigtir.

Analizler
Kuru madde ve su aktivitesi (aw)

Orneklerin kuru madde analizi etiivde 105
°C'de sabit tartima gelene kadar kurutulmasi ile
gerceklestirilmistir. Kurutma ©ncesi ve sonrasi
yapilan tartimlardan sonra 6rneklerin kuru madde
icerigi % olarak verilmistir (AOAC, 2000).
Orneklerin su aktivitesi (aw) degeri su aktivite
Olcer (Aqualab 4TE  Decagon  Devices,
Washington, ABD) cihaz kullanilarak
gerceklestirilmistir (Sahin-Nadeem ve ark., 2013).

Mikrokapsiil boyutu ve yigin yogunlugu élgiimii

Mikrokapsdillerin  ortalama c¢aplar  dijital
kumpas kullanilarak  8l¢iilmistiir.  Orneklerin
ortalama boyutunu hesaplamak igin rastgele
segilen 20 kapsul ¢api Ug farkh agidan 6lglilmis ve
daha sonra olclilen degerlerin  ortalamasi
alinmistir (Topuz ve ark.,2020).

Orneklerin yigin yogunlugu Aykin-Dinger ve
ark., (2021) tarafindan acgiklanan yonteme gore
gerceklestirilmistir. Buna gore 5 g 6rnek 25 mL'lik

dereceli bir silindire tartilmis ve yigin
yogunlugunu belirlemek icin kullanilan hacim (mL)
Olclilmustiir.  Yigin  yogunlugu,  o6rneklerin

kiitlesinin, 6rneklerin kapladigi silindirin hacmine
boliinmesiyle hesaplanmistir.

Renk o6l¢iimii

Orneklerinin renk 6l¢iimi, renk 6lgiim cihazi
(Chroma Meter CR-400 KonicaMinolta, Osaka,
Japonya) (8 mm stk deligi; 2° gozlemci)
kullanilarak  gergeklestirilmistir.  Cihazin 11k
kaynagi darbeli ksenon lamba olup, dlgiimler igin
Des aydinlatici kullanilmistir. Renk cihazinin 6lglim
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kabi icerisine, kabin tabanini kaplayacak sekilde
ornekler yerlestirilmis ve 3 ayri noktadan renk
Olcimi gerceklestirilerek ortalama L*, a* ve b*
degerleri kaydedilmistir (Topuz ve ark., 2020).

Antosiyanin analizi

Calismada orneklerin monomerik antosiyanin
tayininde ekstraktlarin hazirlanmasi Liu ve ark.,
(2015)’'nin  bildirdigi metot modifiye edilerek
kullanilmistir. Buna gére 6rneklerden 1 g alinarak
santriflij tlplerine aktarilmis ve 20 mL %60’k
etanol (%0.1 HCl igeren) ilave edilmigstir. Ardindan
tipler ultrasonik banyoda (Caliskan Ultrasonik
clenar 180 W, 40 kHz, Turkiye) 30 °C'de 30 dakika
boyunca ekstrakte edilmistir. Daha sonra kaba
filtre kagidindan sizilen 6rnekler analizlere kadar
4 °C'de muhafaza edilmistir.

Toplam monomerik antosiyanin tayini pH
diferansiyel metoduyla tayin edilmistir (Wang ve
Xu, 2007). Buna gore ekstrakttan birisi potasyum
kloriir tampon ¢ozeltisi (HCl ile pH 1’e ayarlanmis
0.025 M) ile digeri sodyum asetat tampon
¢Ozeltisi (HCl ile pH 4’e ayarlanmis 0.4 M) ile daha
once deney baslangicinda saptanmis olan
seyreltme faktorine uygun olarak seyreltilmistir.
Her iki seyreltik, denge olusmasi icin 20 dk
karanlkta bekletildikten sonra her iki seyreltigin
Avismax (520 nm) ve 700 nm dalga boyundaki
absorbanslari  o6l¢lilmistiir. Yapilan absorbans
okumalarindan  (AAvis-max  (520nm)  ve  Asoo)
yararlanilarak A degeri asagidaki esitlikle
hesaplanmistir.

A= (A}\vis—max ve A700)pH 1.0 - (A}\vis—max ve A7oo)pH
4.5

Ornekteki, monomerik antosiyanin
konsantrasyonu asagidaki esitlik (1) yardimiyla
hesaplanmistir.

Monomerik antosiyanin (mg L™1) =
(A)(MW)(Sf)1000

()¢

(1)

Burada;

A: Duizeltilerek hesaplanmis absorbans farki,

MW: Baz alinacak antosiyanin molekil agirhgi,
(siyanidin-3-glikozit'in molekdl agirhigr: 449.2 g
mol?)
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Sf=seyreltme faktord,
€=Molar absorptivite
(siyanidin-3-glikozit’in
26900 L (cm mol)?)
£=Spektrofotometrede kuvvet kalinhgi.

katsayisi),
katsayisi:

(absorpsiyon
absorpsiyon

FTIR Analizi

Mikrokapsullerin Fourier donlisimua kizilotesi
spektroskopisi (FTIR), FT-IR /FT-NIR
spektrofotometre (Perkin Elmer Spectrum 400
spektrometre, Waltham, MA, ABD) kullanilarak
elde edilmistir. Olgciimler 4000-650 cm™ spektral
arallkta ve 4 cm? spektral c¢ozunirlikte
gercgeklestirilmistir.

Istatiksel analizler

Arastirma tesadlf parselleri deneme desenine
gore iki tekerrlrli olarak gergeklestirilmis,
analizler paralelli olarak ylratilmustir.
Ortalamalar varyans analizine tabi tutularak,
onemli bulunan farkliiklar Duncan Coklu
Karsilastirma Testi (SAS System for Windows V7,
SAS Institute, Cary, NC, ABD) ile ortaya
konulmustur. P<0.05 oldugunda énemli farkliliklar
cizelgelerde farkh harflerle gosterilmistir.

Arastirma Bulgularn ve Tartisma

Mikrokapsiillerin kuru madde ve su aktivitesi (aw)
degerleri

Mikrokapsdillerin kuru madde icerigi ve su
aktivitesi (aw) degerleri Sekil 1’'de verilmistir.
Orneklerin kuru madde iceriginin %9.71 ile
%22.31 arasinda degistigi ve kapsiillerin
Uretiminde kullanilan nar eksisi oraninin (%2-32)
artisi ile genel olarak kuru madde miktarinin da
arttig gorilmektedir. Orneklerin aw degerleri ise
0.97 ile 0.99 arasinda degisim gostermistir (Sekil
1). Orneklerin aw degerlerinin  kapsiillerin
Uretiminde kullanilan nar eksisi oraninin (%2-32)
artisi ile istatistiki acidan onemli diizeyde (P<0.05)
azaldigi belirlenmistir. Orneklerin kuru madde
icerikleri ile aw degerleri arasinda da tahmin
edilebilecegi lzere negatif bir korelasyon (-
0.9848) tespit edilmistir.
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16% 32%
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Sekil 1. Mikrokapsdllerin kuru madde ve su aktivitesi (aw) degerleri
Figurel. Dry matter and water activity (aw) values of microcapsules

da Silva Carvalho ve ark., (2019) jussara (jucara)
meyvesi (Euterpe edulis Martius) antosiyanin
ekstraktini aljinat, aljinat + kitosan, aljinat +
peyniralti suyu konsantresi, aljinat + jelatin ile
kaplayarak iyonik jelasyon ile Urettikleri
kireciklerin kuru madde miktarini % 6.7 ile % 7.7
arasinda rapor etmislerdir. Arastiricilar
antosiyanin  ekstrakti  eklenmemis  aljinat
klreciklerinin kuru madde igerigini ise %5.6 olarak
tespit etmistir. BelS¢ak-Cvitanovi¢ ve ark., (2016)
ise Karahindiba (Taraxacum officinale) bitkisinin
polifenolleri ve b-karotenlerinin
mikroenkapstilasyonunu gerceklestirdikleri
¢alismalarinda kaplama materyali olarak aljinat,
pektin, aljinat-peyniralti suyu proteini, pektin-
peyniralti suyu proteini ve aljinat-hidroksipropil
metil  seliloz  kullanmislardir.  Arastiricilar
mikrokapsullerin kuru madde iceriklerini % 10.49
ile 21.54 arasinda bildirmislerdir. Nar eksisi
eklenerek Uretilen mikrokapsillerin kuru madde
iceriginin (%9.71-%22.31) bahsedilen galismalar
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ile uyumlu oldugu gériilmektedir.

Mikrokapsiil boyutu ve yigin yogunlugu

Uretilen mikrokapsillerin  boyut ve vyigin
yogunluguna ait sonuclar Sekil 2’de sunulmustur.
Mikrokapsillerin ¢apinin 1.72 mm ile 2.81 mm
arasinda degistigi ve eklenen nar eksisi orani (%2-
32) arttikga genel olarak mikrokapsullerin gapinin
arttig1 gortilmektedir. Bununla birlikte eklenen nar
eksisine bagh kapsillerin gapindaki bu artisin %8
ile %16 oraninda istatistiki acidan 6nemli bir
seviyede olmadigi tespit edilmistir (Sekil 2).
Orneklerin yigin yogunlugu 0.47 g mLt ile 0.54 g
mL? arasinda belirlenmistir. Mikrokapsullerin
yigin yogunlugu ise eklenen nar eksisinin oranin
(%2-32)artisina bagl olarak azalmistir. Ayrica
kapsil capinin artisi ile yigin yogunlugunun azalisi
arasindaki negatif korelasyon (-0.9931) da oldukca
ylksek seviyededir. Dikkat ¢eken diger bir nokta
%32 oraninda nar eksisi eklenmis o6rneklerde
seklin belirgin derecede bozuldugudur (Sekil 3).
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Sekil 2. Mikrokapsillerin boyut ve yigin yogunlugu degerleri
Figure 2. Size and bulk density values of microcapsules

Sekil 3. Mikrokapsiillerin gorlinlist (a:%2, b:%8, c:%16, d:%32 nar eksisi eklenmis 6rnekler)
Figure 3. Appearance of microcapsules (a:2%, b:8%, c:16%, d:32% samples with added pomegranate sour)
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Mikrokapsiillerin boyutu ve sekli, farmasotik ve
gida  drdnlerinin - formilasyonunda  dikkate
alinmasi gereken onemli parametrelerdir, ¢linki
aktif fonksiyonel icerigin hedeflenen dizeyde
etkili olabilmesi igin tek tip boyut dagilimina sahip
kiresel boncuklar arzu edilmektedir (Arriola ve
ark., 2019).

Calismada elde edilen mikrokapsillerin
boyutlari genel olarak benzer galismalarda aljinat
ile Uretilen mikrokapsullerin  boyutlari ile
uyumludur. Nitekim Dallabona ve ark., (2020)
jabuticaba kabugu ve propolis 6zleri ile aljinat
mikrokapsdilleri gelistirdikleri ¢alismada
mikrokapsdllerin gapini 2-2.5 mm araliginda rapor
etmislerdir. Arriola ve ark., (2019)da benzer
sekilde stevya ekstraktlarini mikroenkapsiile
ettikleri ¢alismada mikrokapsillerin ¢apini 1.4 —
2.4 mm arasinda rapor etmistir.

Cam ve ark., (2014) aktif madde
(fenolik)/kaplama materyali (maltodekstrin) orani
azaldik¢a kapsul verimi ve etkinliginin arttigini
bildirmistir. Tavlasloglu, (2016) aktif
madde/kaplama orani azaldikga %2’lik pektin ve
%2’lik aljinat iceren ornekler igin enkapsilasyon
verimliliginin arttigini %1 pektin %1 aljinat

mikrokapsitllerin boyutu ve seklinin mikrokapsiil
Uretim metodu, Uretimde kullanilan c¢ozeltilerin
bilesimi, ¢ozeltilerin viskozitesi, damlatma hizi ve
ylzey geriliminin yani sira ¢alisma
parametrelerinden etkilenebilecegi
bildirilmektedir (Dordevic¢ ve ark., 2015).

Renk degerleri
Nar eksisinin L* ((0) siyah — (100) beyaz), a*((+)
kirmizi — (-) vyesil), b*((+) sari — (-) mavi ) renk

degerleri sirasiyla 20.26+0.01, 3.71+0.02 ve
2.62+0.01 olarak olgllmustir.  Mikrokapsul
orneklerin L* degerlerinin 31.64 ile 42.60

arasinda, a* degerlerinin -0.44 ile 6.99 arasinda,
b* degerlerinin -1.34 ile 6.09 arasinda degistigi
tespit edilmistir (Sekil 4). Mikrokapsillerin aktif
madde olarak eklenen nar eksisi orani arttikga L*
degerinin azaldigl, a* ve b* degerlerinin ise arttig
gorilmektedir. Bu degisim Sekil 3’te de
gorulmektedir. Bunla birlikte gérulen degisim %16
- %32 oranlarindaki b* degeri disinda diger
oranlar ve renk degerlerinde istatistiki acidan da
onemli diizeyde (P<0.05) belirlenmistir. Eklenen
nar eksisi orani arttikca L* degerindeki azalma ve
ozellikle a* degerindeki artis nar eksisinde
bulunan antosiyaninler ile iliskilendirilebilir.
Nitekim nar eksisine rengini veren ana pigmentin

kompleksi iceren aktif madde/kaplama orani antosiyaninler oldugu bilinmektedir (Budak ve
azaldikga  enkapsiilasyon  verimliliginin  de ark., 2013).
azaldigini bildirmistir. Genel olarak
v . *
L* a* b*renk degerleri L
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b
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Sekil 4. Orneklerin L*, a* b* renk degerleri
Figure 4. L*, a*, b* color values of samples

Antosiyanin igerigi
Farkh oranlarda (%2-32) nar eksisi eklenerek

Uretilen mikrokapsullerin antosiyanin igeriklerine
ait sonuglar Sekil 5’te verilmistir. Calismada
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kullanilan nar eksisinin antosiyanin icerigi
15.427+0.084 mg kg! olarak belirlenirken
mikrokapsullerin antosiyanin icerikleri 0.042 ile
0.981 mg kg araliginda tespit edilmistir. Eklenen
nar eksisi orani arttik¢a (%2-32) antosiyanin igerigi
de artmistir. Bununla birlikte bu artis eklenen nar
ekisi orani %2'den %8’e ciktiginda 4 kat, %8'den
%16’'ya ciktiginda 0.5 kat %16’dan %32'ye
ciktiginda ise 2.13 kat olarak belirlenmistir. Ayrica
%32 oraninda nar eksisi eklenen 6rneklerde arzu
edilen renk yogunlugu ve antosiyanin igerigi daha

yuksek bulunmasina ragmen kapsul sekli
kiresellikten uzaklasarak bozulmustur.
Oztan (2006) nar eksisi  6rneklerinin

antosiyanin icerigini 0.022 mg g olarak rapor
ederken, Baysal (2019), nar eksisi Uretiminde
durultma maddeleri dozajlarinin kaliteye etkisini

arastirdigr calismasinda orneklerin monomerik
antosiyanin icerigini 140.77 ile 856.93 mg L*
arasinda bildirmistir. Budak ve ark., (2013) 7
geleneksel ve 9 ticari nar eksisi 6rneginde toplam
fenolik madde, antioksidan aktivite ve fenolik
kompozisyonu gibi analizleri gergeklestirmistir.
Gahsmada orneklerin  toplam fenolik madde
iceriginin 2050.6 ile 9788.6 mg L' GAE arasinda
degistigi ve geleneksel yontem ile (retilen
orneklerin fenolik madde igerigi ve antioksidan
aktivitelerinin ticari nar eksisi 6rneklerinden daha
yuksek bulundugu rapor edilmistir. Tlirkmen ve
ark., (2019) ise ticari nar eksisi Orneklerinde
toplam fenolik madde icerigini 3946.39 mg L?,
flavonoid icerigini ise 12.73 mg L? olarak rapor
etmigtir.

Antosiyanin icerigi
Anthocyanin content
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Sekil 5. Mikrokapsdllerin antosiyanin igerikleri
Figure 5. Anthocyanin contents of microcapsules

FTIR analizi

Her bir fonksiyonel grubun infrared
spektrumda karakteristik bir frekansi absorbe
etmesi FTIR analizinin fonksiyonel gruplari

tanimlamasina imkan tanir (Dallabona ve ark.,
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2020). Aljinat, nar eksisi ve aljinat ile kaplanmis
farkli oranlarda nar eksisi iceren mikrokapsillerin
650-4000 cm arasindaki spektrumlari Sekil 6'da
verilmistir.
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Sekil 6. Orneklerin Fourier déniisimli kizil 6tesi (FTIR) spektrumlari (a) %2 Nar eksisi eklenmis érnek, b) %8 Nar eksisi
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Figure 6. Fourier transform infrared (FTIR) spectra of the samples (a) 2% pomegranate sour added sample, b) 8%

pomegranate sour added sample, c) 16% pomegranate sour added sample, d) 32% pomegranate sour added

sample, e) pomegranate sour, f)alginate sample)

Dallabona ve ark., (2020) yaptiklari calismada
aljinat mikrokapsdlleri ile ilgili 3450-3100 cm™
arasindaki sogurmanin —OH gruplari, 1688-1600
cm™ arasindaki sogurmanin ise simetrik ve
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asimetrik karboksil iyonlarindan (Co0-)
kaynaklandigi belirtilmektedir. Ayni c¢alismada
1504-1360 cm™ arasindaki piklerin aromatik

halkadaki C=C, 1400-1000 cm* arasindaki piklerin
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ise C-O-C kaynakli olabilecegi ifade edilmektedir.
Antosiyaninlerden ozellikle siyanidin
bilesenlerinin  3100-3400 araliginda  (O-H
simetrik), digerlerinin ise 2900-2840 cm™ (C-H
alifatik), 675-870 cm™ ve 1660 (C=C) bandinda
oldugu ve aljinat kireciklerindeki antosiyaninlerin
de bunu dogruladigi ifade edilmistir (Dallabona ve

ark.,, 2020). Bununla birlikte 3350 cm
bolgesindeki belirgin pikin su absorpsiyonu
kaynakli olabilecegi de vurgulanmistir. Ayrica

1076, 1516 ve 1260 cm™ piklerinin de aromatik
halkalar ve flavonoidlerin =C-O-C gruplarindan
kaynaklanabilecegi belirtilmistir. Benzer sekilde
nar eksisi eklenmis mikrokapsullerde ve nar eksisi
orneginin  kendisinde vyapilan FTIR analizi
sonucunda 3343-3255 cm! araliginda belirlenen
piklerin —OH gruplari, 1639-1595 cm™ arasindaki
sogurma COO- gruplari, %16 ve %32 nar eksisi
eklenmis o6rneklerde belirlenen piklerin aromatik
halkadaki C=C ve yine %16 ve %32 nar eksisi
eklenmis o6rneklerde ve nar eksisinde 1344-1030
cmarasinda belirlenen piklerin de C-O-C kaynakli
olabilecegi degerlendirilmistir.

Sonuglar

Calisma kapsaminda %2, 8, 16 ve 32 olmak
Uzere dort farkh oranda nar eksisi eklenmis aljinat
kaplama materyali kullanilarak jellesme yéntemi
ile Uretilen mikrokapsiiller iretilmistir. Uretilmis
mikrokapsullerin kuru madde icerigi, aw degeri,
kapsil capi, yigin yogunlugu ve L* a* b* renk
degerleri ve FTIR analiz sonuglarinin genel olarak
benzer calismalarda Uretilen mikrokapsiller ile
uyumlu oldugu belirlenmistir. Eklenen nar eksisi
orani arttikca mikrokapsillerde kuru madde
icerigi ve kapsul capinin arttigl, aw degeri ve yigin
yogunlugunun ise azaldigi tespit edilmistir.
Mikrokapsillerde antosiyanin igeriginin ise 0.042
ile 0.981 mg/kg araliginda tespit edildigi ve
eklenen nar eksisi orani arttikca mikrokapsullerin
antosiyanin iceriginin de arttig bildirilmistir.
Ayrica %32 nar eksisi eklenen o6rneklerde arzu
edilen renk yogunlugu ve antosiyanin icerigi daha
yiksek bulunmasina ragmen kapsul sekli
kiiresellikten uzaklasarak bozulmustur. Eklenen
nar eksisi oranindaki artisin maliyeti de arttirdig
goz onune alindiginda %16 oraninda nar eksisi
eklenerek Uretilen mikrokapsillerin  6zellikle
modernist mutfaklarda kullanimi tavsiye edilebilir.
Gida uygulamalarinda aktif maddelerin
tasinmasinda tek tip boyut dagilimina sahip
kiiresel boncuklarin tercih edildigi dikkate
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alindiginda Uretilen kapstller kabul edilebilir bir
formdadir. Diger taraftan nar eksisi antosiyanin
icerigi, renk ve lezzeti nedeniyle mutfaklarda ve
gida sanayiinde uygulama alani bulan bir Griinddr.
Bununla  birlikte nar eksisinin  dogrudan
kullanilmasi sonucu olusabilecek keskin-aci-buruk
tat ve istenmeyen renklerin salinmasi kapsilleme
ile kontrol edilebilecek ve kullanildigi Urinin
fiziksel 6zellikleri iyilestirilebilecektir.
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planlanmasi, mikrokapsillerin UGretimi, analizler,
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Karasi (Vitis vinifera L) kuru

(Vitis vinifera L) cesidi kuru Gzim ve cekirdek metanol ekstraktlarinin fitokimyasal
Uziim ve Gzlim c¢ekirdegi

ozellikleri, farkli ydontemlerle antioksidan 6zellikleri ve fenolik bilesikleri belirlenmistir.

metanol ekstraktlarinin L . . .

C . e e Kuru Giziimlerin metanol ekstraktlarinin toplam fenolik madde miktari 0.662 mg GAE g
antioksidan  ozellikleri ile
fenolik  bilesikleri. Harran olarak bulunurken, cekirdekte bu deger 1.542 mg GAE g olarak belirlenmistir. Toplam
Tarim ve Gida Bilimleri flavonoid madde (0.15 mg RE g?) ve askorbik asit (174.29 mg L) miktarlari cekirdekte
Dergisi, 28(2): 293-303 daha yuksek tespit edilmistir. DPPH radikal giderme aktivitesi kuru tGzimde daha fazla

bulunurken, FRAP antioksidan kapasitesi ¢ekirdekte daha yilksek bulunmustur. Tim
antioksidan analizlerinde kuru zim ve cgekirdek arasindaki farklar istatistiksel olarak
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Horoz Karasi kuru tGziim ve cekirdeklerinin metanol ekstraktlarinin igerdikleri biyoaktif
ozellikler sayesinde fenolik bilesen ve dogal antioksidan kaynagi olarak kullanilabilecegini

ortaya koymustur.
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It is of great importance to determine the bioactive properties of grapes and grape
products that have significant positive effects on nutrition and health. In this study,
phytochemical properties, antioxidant properties by different methods and phenolic
compounds of raisins and seeds methanol extracts of Horoz Karasi (Vitis vinifera L)
variety were determined. While the total phenolic content of the methanol extracts of
raisins was 0.662 mg GAE g, this value was determined as 1.542 mg GAE g in the
© Copyright 2018 by Harran University seeds. The amounts of total flavonoid substance (0.15 mg RE g?) and ascorbic acid

Faculty of Agriculture. Available on-line  (174.29 mg L) were found to be higher in the seeds. While DPPH radical scavenging
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activity was higher in raisins, FRAP antioxidant capacity was higher in seeds. In all

This work is licensed under a Creative

; Commons ambuionNon  @ntioxidant analyses, the differences between raisins and seeds were found to be
@ ®® Commercial 4.0 International License.

293


http://www.dergipark.gov.tr/harranziraat
https://orcid.org/0000-0001-7406-5331
https://orcid.org/0000-0002-3653-9433

Koyuncu ve Ugan Tiirkmen, 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(2): 293-303

statistically significant (p<0.05). The phenolic compounds found in the highest amount in raisins were catechin hydrate

(406.91 mg kg') from flavonoids and chrysin (331.60 mg kg) from flavones, while caffeic acid (990.42 mg kg™) from

hydroxycinnamic acids in seeds and naringine (310.56 mg kg™?) from flavones were found. It has also been determined that

the seeds contain a very high amount of phenolic compounds compared to raisins. The data obtained revealed that methanol

extracts of Horoz Karasi raisins and seeds can be used as a phenolic component and natural antioxidant source thanks to the

bioactive properties they contain. The differences between raisins and seeds were statistically significant in all antioxidant

analyses.

Key Words: Horoz Karasl, Grape seed, Extraction, Antioxidant capacity, Phenolic compound

Giris

Turkiye, cografi konumu ve ekolojik
faktorleriyle bagciliga oldukga elverislidir ve birgok
bélgesinde UGzim Uretimi yapiimaktadir (Simsek ve
ark., 2004). Uziim genellikle sofralik, kurutmalik
ve saraplik olmak Uzere Ug¢ farkh amagla
islenmektedir (Celik ve ark., 2005). Ulkemizde
3.902.211 dekar alanda 1.856.929 ton sofralik,
1.430.160 ton kurutmalk, 382.911 ton saraplk
Gzim Uretimi yapilmaktadir (TUIK, 2022). Kuru
Uzim besleyici 6zelliklerinin  yani sira son
zamanlarda saglk agisindan faydali yonlerinin
ortaya c¢ikmasiyla daha dikkat ¢eken bir Griin
haline gelmistir. Kuru Uzim icerdigi fenolik
bilesikler, yiksek antioksidan kapasite, doymamis
yag asitleri ve zengin temel gida bilesenleri
sayesinde bu saglik faydalarini saglamaktadir. Bu
bilesikler taze Gziimde de bulunmalarina ragmen
kuru Gzimde miktarlari

(Karadeniz ve ark., 2000).

onemli tarimsal ve endustriyel atiklardan birisidir

artis gostermektedir
Uziim cekirdekleri

(Fernandes ve ark., 2013) ve fenolik bilesikler
bakimindan olduk¢a zengin bir kaynaktir (Torres
ve ark., 2002).

Fenolik bilesikler, bitkilerde aromatik aminoasit

metabolizmasi  sirasinda  sentezlenen  yan
bilesiklerden meydana gelen ikincil
metabolitlerdir. Fenolik bilesikler Gzlimlerin
rengini, duyusal o6zelliklerini vermektedir ve

olgunlasma sirasinda sekerlerin katabolizmasi

sirasinda olusmaktadirlar. Fotosentez sonucu
olusan karbonun %2’si fenolik bilesiklere
donismektedir (Williams ve Grayer, 2004).

Uziimi diger meyvelerden ayiran énemli bir

Ozelligi kabugunda, etinde ve c¢ekirdeginde
bulunan fenolik bilesiklerdir (Negro ve ark., 2003).
Ekstrakte olabilen %10’u

meyve etinde, %30’u Uzim kabugunda, %601 ise

fenolik bilesiklerin
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cekirdekte bulunmaktadir (Duran, 2014). Uziim ve
Urlinlerinde yiksek miktarda fenolik bilesiklerin
bulundugu ve bu bilesenlerin kardiyovaskiler
2007),
antikanserojen

hastaliklari  onledigi (Terra ve ark.,

antimutajen, antioksidan,

(Sanchez, 2006) ve antimikrobiyal (Nychas ve ark.,
2003) ozelliklere sahip oldugu bildirilmistir.
Uziim meyvesinde tanimlanan baslica fenolik

bilesik gruplari fenolik asitler, antosiyaninler,

flavonoller, flavan-3-oller ve tanenler ve

flavanollerdir (Ribereau-Gayon ve ark., 2006).
Uziimde bulunan fenolik asitler; gallik, klorojenik,
kafeik, siyrincik, p-kumarik, ferrulik, o-kumarik,

trans-sinamik asit iken flavonoidler katesin,

vanilin, epikatesin, rutin, kuersetindir (Baydar ve
Akkurt, 2001). Uziim ve uriinlerinde bulunan
fenolik bilesiklerin kompozisyonu olgunluk, cesit,

iklim, kalturel islemler, topragin fiziksel ve

kimyasal ozellikleri gibi faktorlerden

etkilenmektedir (Arozarena ve ark., 2002).

Uzim ve c¢ekirdekler icerdikleri fenolik

maddeler  sayesinde  antioksidan aktivite

kazanmaktadir. Antioksidanlar kansere,

yaslanmaya, kalp-damar hastaliklarina neden olan

serbest radikalleri etkisiz hale getirebilen
bilesenlerdir. Bu nedenle tim dinyada
antioksidan aktivitesi yilksek, antosiyanince

zengin meyvelere olan ilgi artmistir (Scheerens,
2001).
toksik ve karsinojenik etkilerden dolayi

Yapay antioksidanlarin yol acabilecegi
gida
sanayinde dogal antioksidanlarin kullanimi 6nem
kazanmistir (Goktlirk Baydar ve ark., 2007).

Bu calisma kapsaminda Horoz Karasi kuru
GUzim ve cekirdeklerinin metanol ekstrelerinin
toplam fenolik madde, toplam flavonoid madde
ve askorbik asit miktarlarinin, farkli yontemlerle
(DPPH radikal

fosfomolibdenyum, demir (Il) iyonlarini selatlama,

giderim aktivitesi,

demir iyonlarini indirgeme kapasitesi, troloks



Koyuncu ve Ugan Tiirkmen, 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(2): 293-303

esdegeri, bakir indirgeme kapasitesi) antioksidan
kapasitelerinin ve fenolik bilesenlerinin tespit
edilmesi hedeflenmistir. Literatiirde kuru Gziimde
ABTS, DPPH, FRAP, CUPRAC
kullanilarak  yapilan  antioksidan

yontemleri

analizlere
rastlanirken; toplam flavonoid madde, askorbik
asit, fosfomolibdenyum ve demir
biyoaktif

antioksidan kapasite analizlerine rastlanmamistir.

selatlama

yontemleriyle yapilan madde ve
Ayrica Horoz Karasi Gziim gekirdeginde de sadece
DPPH, FRAP ve demir(ll) iyonlarini selatlama
aktivitesi tayinleri yapilarak antioksidan aktivite
belirlenmistir. Bu nedenle Horoz Karasi liziim ve
farkli

antioksidan yontemleri kullanilarak antioksidanin

cekirdeklerinin  metanol ekstrelerinde
belirlenmesi ve bu ekstrelerde fenolik bilesenlerin
de acgiga cikarilmasindan 6tliri mevcut ¢alismamiz

0zglin bir nitelik tagimaktadir.

Materyal ve Metot

Materyal

Bu c¢alismada kullanilan Horoz Karasi kuru
uzim ve gekirdekleri, Kilis ili Musabeyli ilgesinde
bagcilik yapan bir (reticiden kurutulmus halde
temin edilmistir. Kuru tGzim ve c¢ekirdekleri oda
sicakhginda cam kaplar icerisinde analizler
yapilincaya kadar karanlik ve nemsiz bir ortamda

22+2°C'de muhafaza edilmistir.

Ekstraksiyon

Kuru Gzim ve cekirdekler 6gutilerek (Arcelik K
3104), %85’lik metanol ile (1:10 (w/v)) 1 dakika
boyunca homojenize edilmistir. Homejenize Gzim
ve cekirdekler santriflj edilip (+4°C, 5000 rpm, 10
dk), stzdlmis (whatman no:1) ve elde edilen

55°C

metanolin
ekstraktlar (100 elde edilmistir.
Ekstraktlar analizler yapilinca kadar +4°C'de
buzdolabinda muhafaza edilmistir (Aydin, 2015).

siipernatantin sicakhkta vakum

evaporatorde uzaklastiriimasiyla

mg/mL)

Toplam fenolik madde miktari

Numunelerdeki toplam fenolik madde miktari
Ucan Turkmen ve Mercimek Takci (2018)’ya gore
olarak

spektrofotometrik belirlenmistir.
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Ekstraktlardan 0.5 mL alinarak Gzerlerine 2.5 mL
%10 (v/v) Folin—Ciocalteu reaktifi ve 2.5 mL %7.5
(w/v) NaHCOs eklenmis ve 45°C'de 45 dk
inkiibasyona birakilmistir. Siire sonunda 765
nm’de numunelerin absorbanslari 6lglilmustur
(Biochrom, Libra S60, B, ingiltere). Ekstraktlarin
toplam fenolik madde miktari gallik asit esdegeri
(mg GAE g) olarak hesaplanmistir (y=0.8286x,

R2=0.997).

Toplam flavonoid madde miktari

Ekstraktlarin toplam flavonoid madde miktari,
aliminyum klorir kolorimetrik yontemle tespit
edilmistir.  Numunelerden 1 mL alinarak 1:6
oraninda seyreltilmis ve lzerlerine %5 (w/v) 0.3
mL NaNO;
inkiibasyona birakilmistir. Siire sonunda karisima
%10 (w/v) AlCls.6H,0’dan 0.6 mL ilave edilip,
tekrar 5 dk inkiibe edilip 1M NaOH ¢ozeltisinden 2
mL eklenmistir. Son hacim distile su ile 10 mL’ye
510

Olgllmustlr. Kuru Gzim ve c¢ekirdeklerin toplam

eklenerek 5 dk oda sicakliginda

tamamlanmis  ve nm’de  absorbansi

flavonoid madde miktarlari mg RE g (rutin

esdegeri) olarak hesaplanmistir (Ucan Turkmen ve
Mercimek Takci, 2018).

Askorbik asit miktari

Kuru Gzim ve c¢ekirdeklerin  metanol

ekstraktlarinin L-askorbik asit miktarlari, renk

reaktifi olarak 2,6-diklorofenol-indofenol
kullanilarak 518 nm'de  spektrofotometrik
absorbans  6lcimleri ile mg L' olarak

belirlenmistir (Ucan Turkmen ve Mercimek Takci,
2018).

DPPH radikal giderme aktivitesi
DPPH (2,2-difenil
yikimi

1-pikrilhidrazil) radikalinin

sonucu renkteki degisimin
spektrofotometrik olarak olciilmesine dayanan
Ekstraktlardan 100 pL

alinarak Gzerlerine 3900 pL DPPH eklenerek 2

metot  kullanilmistir.
saat karanlikta inkibasyona birakilmistir. Sire
sonunda numunelerin 515 nm’de absorbanslari
Olclilerek asagidaki formil yardimiyla hesaplama
yaptmistir (Ucan Turkmen ve Mercimek Takci,
2018).
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% DPPH Radikali Giderme Aktivitesi= (kontrolgps.—
6rnekaps.)x100/kontrol aps, (1)

Fosfomolibdenyum antioksidan kapasite testi

Reaktif c¢ozeltiden 3 mL alinarak 300 pL
ekstrakt ile karistiriimis ve 95°C'de 90 dk inkiibe
edilmistir. Stre sonunda 695 nm’de absorbans
Olclilmis ve toplam antioksidan kapasite mg
troloks esdegeri g olarak hesaplanmistir (Zengin
ve ark., 2014).

Demir (ll) iyonlarini selatlama aktivitesi
Ekstraktlardan 1 mL alinarak lzerlerine 3.7 mL
distile su ve 100 pL 2 mM FeCl; ilave edilmis ve 30
dk oda sicakliginda bekletilmistir. Slire bitiminde
200 pL 5 mM ferrozin eklenmis ve 10 dk sonunda
562 nm’de absorbans olgimi yapiimistir. Kontrol
olarak numune yerine distile su eklenerek islemler
yapilmistir. Standart olarak EDTA (50-250 pg mL?)
kullaniimistir. asagidaki
formul araciligi ile hesaplanmistir (Ucan Turkmen
ve ark., 2021).
% Selatlama Aktivitesi = 1—(6rnek aps/kontrol aps.) X
100 (2)

inhibisyon  yiizdeleri

Demir indirgeme kapasitesi tayini (FRAP)

1 mL ekstrakta pH 6.6’ya ayarlanmis 0.2 M’hk
fosfat tamponundan 2.5 mL, %1 (w/v) KsFe(CN)s
cozeltisinden 2.5 mL ilave edilerek 20 dk 50°C'de
inkiibasyona birakilmis ve %10 (w/v) TCA’dan 2.5
mL ilave edilerek santrifijlenmistir (2500 rpm, 10
dk). Stpernatantlardan 2.5 mL alinarak (zerine
2.5 mL distile su ve %0.1 (w/v) FeCls’den 0.5 mL
700
spektrofotometrik absorbans Olcimi yapilmistir
(Ucan Turkmen ve ark., 2022).

ilave edilerek nm dalga boyunda

Troloks esdegeri antioksidan kapasite testi (TEAC)

2.45 mM potasyum persilfat iceren 7 mM
ABTS sollisyonu hazirlanmistir. Bu c¢ozelti, ABTS
radikalini Gretmek icin 12 ve 16 saat boyunca
20°C'ye ayarlanmis bir inkiibatérde tutulmustur.
Radikal
standardini seyreltmek icin kullanilan PBS (fosfat
Fosfat Salin)
hazirlanmistir. 0.1 M fosfat tamponuna 8.77 g

solisyonu, numuneleri ve Troloks

tamponu; Tampon solisyonu
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NaCl eklenmis ve pH 7.4'e ayarlanmistir. Analize
baslamadan 6nce 1 mL ABTS radikal ¢ozeltisi
alinmis ve yaklasik 90-100 mL PBS ile 734 nm'de
0.700 + 0.02'lik bir absorbansa seyreltilmistir.
Daha sonra 20 pL ekstrakt ve 2 mL PBS
karistirlmis; absorbans 6 dakika boyunca dakika
basina  Olglilmuistir. Sonuglar hem yilzde
inhibisyon olarak verilmis hem de TEAC (Troloks
esdeger antioksidan kapasitesi) degeri olarak uM
troloks esdegeri 10 g L'! seklinde ifade edilmistir

(Ucan Tirkmen ve ark., 2020).

Bakir iyonu indirgeme aktivitesi (CUPRAC)
Ekstraktlardan 0.5 mL alinarak Uzerlerine 10
mM CuCly’den 1 mL, 7.5 mM neokuproinden 1 mL
ve 1 M, pH 7’ye ayarlanmis NHsAc tamponundan
1 mL ilave edilerek oda sicakliginda 30 dk inklbe
sekilde CuCl;
450
Olctulmustilr (Baltaci ve ark., 2021).

edilmistir. Ayni icermeyen kor

hazirlanmis  ve nm’de  absorbanslari

Fenolik bilesiklerin tayini

Kuru Gzam ve cekirdek ekstraktlarindaki fenolik
bilesenler, ters-faz yiksek performansli sivi
kromatografisi (Agilent, 1260 Infinity RP-HPLC,
USA) ve C18 kolonu (5 um, 4.6 x 250 mm, ACE
Generix) kolonu kullanilarak  belirlenmistir.
Enjeksiyon hacmi: 10 ul, Firin sicakhgi: 309C,
Dedektor: DAD, Mobil faz A: %0,1 fosforik asit-su
¢Ozeltisi, Mobil faz B: %100 asetonitril. Fenolik
bilesenlerin miktari

dis standart yontemi ile

allkonma zamanlarina gore mg kg! olarak

belirlenmistir (Mizzi ve ark., 2020).

Istatistiksel analiz

Kuru Gzim ve cekirdek ekstraktlarinin farkh
antioksidan analizlerine gére anlamli bir farklilhk
gosterip gostermedigini belirlemek icin SPSS 23.0
paket programi kullanilmistir. Uzim ve cekirdek
arasindaki farkin 6nemi bagimsiz 6rneklem T-testi
ile belirlenmistir (p<0.05).

Bulgular ve Tartisma

Kuru iiziim ve cekirdek metanol ekstraktlarinin
fitokimyasal ézellikleri ve antioksidan aktiviteleri
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Kuru Gzim ve cekirdek numunelerinin toplam
fenolik madde (TPC), toplam flavonoid igerigi
(TFC), (AAA), DPPH
inhibisyonu, fosfomolibdenyum, demir iyonlarini
selatlama, FRAP, TEAC ve CUPRAC analizleri igin
bagimsiz orneklem T-testi kullaniimis ve analiz

askorbik asit miktari

sonuclari Cizelge 1’de verilmistir. Yapilan analizler
sonucunda kuru Uzim ve cekirdekler arasinda
tim analizler agisindan istatistiksel olarak énemli
bir fark oldugu belirlenmistir (p<0.05).

Cizelge 1. Kuru Gzlim ve gekirdeklerin metanol ekstraktlarinin fitokimyasal 6zellikler ile antioksidan aktivitelere karsi bagimsiz

orneklem T-testi sonuglari

Table 1. Independent sample T-test results of methanol extracts of raisins and seeds against phytochemical properties and

antioxidant activities

Analizler Ornek Ortalama Standart t SD p*
Analyzes Sample Mean Sapma
Standard
Deviation
Toplam fenolik madde Kuru Uziim 0.662 0.01
(mg GAE g Raisin
Total phenolic substance (mg GAE | Cekirdek 1.542 0.21 -7.408 2 0.01
gl Seed
Toplam flavonoid madde Kuru Uziim 0.01 0.00
(mg RE g} Raisin
Total flavonoid substance (mg RE | Cekirdek 0.15 0.00 -117.04 4 0.00
gl Seed
Askorbik asit miktari Kuru Uziim 55.51 1.09
(mg 1Y) Raisin
Amount of ascorbic acid (mg L?) Cekirdek 174.29 3.31 ~59.081 4 0.00
Seed
DPPH radikali giderme aktivitesi | Kuru Uziim 86.96 0.51
(%) Raisin
DPPH radical scavenging activity | Cekirdek 62.68 1.22 31.824 4 0.00
(%) Seed
Fosfomolibdenyum analizi Kuru Uziim 2.52 0.02
(ug TEg?) Raisin
Phosphomolybdenum analysis (ug | Cekirdek 2.75 0.06 ->.489 4 0.00
TEgY) Seed
Demir (II) iyonlarini selatlama | Kuru Uziim - -
aktivitesi (%) Raisin
Chelating activity of iron () ions | Cekirdek 33.29 1.60 ~22.589 4 0.00
(%) Seed
FRAP (abs.) Kuru Uziim 2.329 0.02
FRAP (abs.) Raisin
-5.238 4 0.00
Cekirdek 2.611 0.09
Seed
TEAC (% inhibisyon) Kuru Uziim 2.50 0.83
of i ipin L
TEAC (% inhibition) Rals-m 5 665 4 0.00
Cekirdek - -
Seed
TEAC (uM troloks esdegeri 10 g) Kuru Uziim 20.05 0.06
. 1 .
TEAC (uM trolox equivalent 10 g™*) Ra/s./n 12.788 4 0.00
Cekirdek - -
Seed
CUPRAC (mg troloks esdegeri g1) Kuru Uziim 92.20 3.27
CUPRAC (mg trolox equivalent g') | Raisin
-15.921 4 0.00
Cekirdek 204.46 11.76
Seed

*p<0.05 olan degerleri iceren gruplar arasindaki sonuglar istatistiksel olarak 6nemlidir.
*Results between groups with values of p<0.05 are statistically significant.

Uziim cekirdeklerindeki TPC, TFC ve AAA

miktarlari sirasiyla 1.542 mg GAE g*?, 0.15 mg RE
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g?t, 174.29 mg L bulunmus olup tim degerler
uzimde tespit edilen sonuglardan daha yuksektir.
DPPH radikal giderme aktivitesi kuru Gzimlerde
daha fazla (%86.96) belirlenirken; FRAP, CUPRAC
ve fosfomolibdenyum sonuglari ¢ekirdekte daha
ylksek tespit edilmistir. Ekstraktlarin 100 mg mL?
konsantrasyonda TEAC degerleri sadece Gzimde,
demir iyonlarini selatlama aktivitesi ise sadece
cekirdek metanol ekstraktlarinda belirlenmistir.

Selatlama aktivitesi, standart selatér EDTA'ya
kiyasla degerlendirilmis ve bu aktivite EDTA’dan
daha dislik bulunmustur (%80.16-94.42; 50-250
ug mL! troloks konsantrasyonunda). Ekstraktlarda
belirlenen FRAP ve CUPRAC degerleri standartlara
kiyasla oldukga yliksek bulunmustur (Cizelge 2).

Cizelge 2. FRAP, demir
aktivitesi (Ucan Turkmen ve ark.,

iyonlarini  selatlama
2020) ve

CUPRAC analizleri igin kullanilan standartlar

Table 2. Standards used for FRAP, chelating activity of iron ions (Ucan Turkmen et al., 2020) and CUPRAC analysis

Analizler Konsantrasyonlar
Analyzes Standartlar Concentrations
Standards 3 3 1 1 1
FRAP (abs.) 20 pg mL 50 pg mL 100 pg mL 200 pg mL 400 pg mL
FRAP (abs.) BHT 0.07+0.00° | 0.09+0.00 | 0.14+0.00° | 0.33+0.02° | 0.45+0.01°
BHT
BHA 0.2240.01¢ 0.24+0.01¢ | 0.25+0.02°¢ 0.3240.03° 0.51+0.01°
BHA d
a-tokoferol 0.13+0.00¢ 0.15+0.00¢ | 0.16%+0.01¢ 0.2040.01° 0.29+0.01°
a-tocopherol
Askorbik asit 0.12+0.00¢ 0.13+0.00¢ | 0.17+0.00¢ 0.25+0.00° 0.37+0.00°
Ascorbic acid
Demir iyonlarini selatlama | EDTA 50 ug mL? 100 pg mL | 150 pyg mL? | 200 pg mL? | 250 pg mL?
aktivitesi (%) EDTA !
Chelating activity of iron ions 80.16+1.34° | 93.59+0.83 | 94.42+0.00° 94.83+0.00° 94.7310.10
(%) a a
CUPRAC (mg troloks esdegeri | Troloks 50 ug mL? 100 ug mL™ | 150 uyg mL? | 200 ug mLt | 250 pg mL?
g?) Trolox !
CUPRAC (mg trolox equivalent 5.25+0.01¢ 11.33+£0.27 | 17.17+0.42¢ 21.34+0.61° 26.62+0.42
g-l) d a

*Gosterilen veriler 3 verinin ortalama degerleridir. Grafikte ayni satirlarda farkl harfle ifade edilen degerler arasindaki fark

istatistiksel olarak anlamhdir (p<0.05).

*The data shown are the average values of 3 data. The difference between values expressed with different letters on the

same lines in the graph is statistically significant (p<0.05).

Balbaba ve Bagci (2022), Horoz Karasi yas
Uzimlerde toplam fenol miktarinin 360.5-484.7
mg GAE 100 g?!, DPPH radikal
%87-98 arasinda
bildirmislerdir. Kok ve Bal (2017) ise Horoz Karasi

yakalama
aktivitesinin ise degistigini
taze UzUm cesidinde su:metanol (30:70) (v/v)
ekstresinde toplam fenol miktarini 886.44 mg GAE
kg? Oz (2018)in

calismasinda kurutmalik Gziim cesitlerinin (Besni,

olarak  belirtmislerdir.
Banazi Siyahi, Dimiski, Horoz Karasi, Kerkis, Rumi)
etanol c¢ekirdek ekstresinde bulunan toplam
fenolik ve flavonoid madde miktarlarinin ve
antioksidan aktivitelerin (ABTS, DPPH, CUPRAC) et
ve kabuga oranla c¢ok daha vyiksek oldugu
belirlenmistir. Kelebek ve ark. (2013), Antep
Karasi kuru Gzumin ABTS, DPPH, FRAP ve ORAC
antioksidan kapasite degerlerini sirasiyla 63.66,

40.47, 17.69 ve 77.41 mmol L? troloks kg olarak
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belirlemislerdir.

Kok (2020), Gzimdeki fenolik bilesiklerin ve
antosiyaninlerin konsantrasyonunun, tGziim gesidi,
iklim kosullari ve bag yonetim uygulamalar gibi
farkh
Hamburg,

faktorlere bagh oldugunu ve Muscat

Horoz Karasi ve Cardinal cesidi
Gzimlerde toplam fenolik bilesenlerin 1479.89-
1945.41 mg GAE kg taze meyve! araliginda
degistigini belirlemistir. Breksa ve ark. (2010) 2.5 g
ornek ve 5 mL ¢ozgen (8:2 metanol:etanol(v/v))
ile hazirladiklari ekstrelerde, 16 farkli kuru Gzim
cesidinin antioksidan aktivitelerinin 316.3-1141.3
mg GAE 100 g kuru agirlik? araliginda degistigini
tespit etmislerdir. Aras Asci ve Goktiirk Baydar
(2021), taze Giziim (Kalecik Karasi, Okiizgdzii, Emir,
Cekirdeksiz

Sultani) ve saraplarda (Kalecik Karasi, Okiizgdz,

Narince), kuru Uzim (Karadimrit,

Emir, Narince) toplam fenolik bilesik miktarini
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1.45-1771 mg GAE g arasinda belirlerken toplam
flavanoid madde miktarini 0.15-197.55 mg RE g
araliginda bildirmislerdir. Tespit edilen en disik
degerler kuru tiziimlere ait bulunmustur.

Saricam (2014), biitlin ya da toz halinde etlivde
veya liyofilizatérde kurutulmus Besni ve Horoz

Karasi Gziim cekirdeklerinin antioksidan
ozelliklerini  belirledigi calismasinda aseton:su
(70:30, (v/v)) c¢oOzgen karisimiyla hazirladig

ekstrelerde ; Horoz Karasi Uziim c¢ekirdeklerinde
toplam fenolik madde miktarini en yiksek toz-
liyofilize (258.78 mg GAE g!), en dusuk ise bitun-
etlvde kurutulmus orneklerde (83.45 mg GAE g
1); DPPH radikal supirme aktivitesini en yiiksek
toz-liyofilize (%90.27), en dlsik toz
orneginde (%80.23); FRAP degerlerini

ylksek toz-etiiv (620.63 mg FeSO4 g), en dusuk
bitin-etlivde kurutulan ornekte (468.07 mg

etlv
ise en

FeSOs g') ve demir selatlama aktivitesini en
yuksek toz-liyofilize (%79.45) ve en dislik toz-etliv
(%30.33)

bildirmistir.

numunelerinde tespit ettigini

Yalgin ve ark. (2013)’nin g¢alismalarinda 5 farkli
Uzim cesidinin cekirdeklerinde (Kalecik Karasi,
Kabarnet, Senso, Gamay, Okiizgdzii) 10 g 6rnek ve
50 mL
kullanarak hazirladiklari ekstrelerde en yiksek
DPPH inhibisyon aktivitesini %93.66 ile Okiizgozii

cesidinin metanol ekstresinde, en diisuk aktiviteyi

¢cozgen (etanol, metanol, aseton)

%20.34 ile Gamay cesidinin etanol ekstresinde
belirlemislerdir. Toplam fenolik madde miktarinda
ise en ylksek degeri 583.03 mg GAE g kuru
ekstrakt degeri ile Kabarnet cesidinin aseton ile
elde edilen ekstraktinda bulmuslardir. Burcova ve
ark. (2019) organik asma posasinin antioksidan,
tokoferol ve polifenol iceriklerini belirledikleri
calismalarinda, Uziim cekirdeklerinin (58,65 uM
troloks mg?) kabuga oranla (14,24 uM troloks mg
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1) yaklasik 4 kat daha fazla antioksidan icerdigini,
ekstraktlarindaki
fenolik bilesenlerin kumarik asit (10.97 g kg?),
rutin (6.79 g kg?), kuersetin (3.75 g kg) ve
katesin (3.99 g kg?!) oldugunu bildirmislerdir.
Gokturk Baydar ve ark. (2007), Narince cesidi
Uzim cekirdeginin aseton:su:asetik asit
(90:9.5:0.5) ve etilasetat:metanol:su (60:30:10)
ekstrelerinde toplam fenolik bilesik miktarlarini
siraslyla 627.98 ve 667.87 mg GAE g' olarak
bulmugslardir.

cekirdeklerin  etanol baskin

literatiir ile
farkliliklar
bulunmaktadir. Bu durumun, tiziimlerin taze veya

Bulunan sonuglar

karsilastirildiginda  benzerlikler ve
kuru olmasi, Gzim ve ¢ekirdek ¢esidi, tzim ve
cekirdegin vyetistirildigi yer ve iklim, ¢bzicl ve
ekstraksiyon  yontemi gibi  degiskenlerden
kaynaklanabilecegi disinilmektedir. Kurutulmus
Horoz Karasi zim c¢esidinde ve cekirdeginde
metotta belirtilen ekstraksiyon yontemi ve
cozgenleri kullanilarak yapilmis farkli yontemler
kullanarak antioksidan kapasiteyi belirleyen baska

bir calisma bulunmamaktadir.

Kuru iziim ve c¢ekirdek metanol ekstraktlarinin

fenolik bilesikleri

Kuru Gzim ve c¢ekirdeklerinin metanol
ekstraktlarinin fenolik bilesikleri Cizelge 3’de
verilmistir.  Uzim  metanol ve cekirdek

ekstraktlarinin toplam fenolik igerikleri sirayla
1.10 ila 406.91 mg kg ve 9.73 ila 990.42 mg kg
arasinda degisiklik gostermistir. Uzim metanol
ekstraktinda en fazla bulunan fenolik bilesik
katesin hidrat iken, cekirdek metanol ekstraktinda
kafeik asit olmustur. Uziim ekstraktlarinda 780.79
mg kg ve cekirdek ekstraktlarinda 1944.77 mg
kg fenolik bilesen tespit edilmistir.
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Cizelge 3. Kuru Gziim ve ¢ekirdek metanol ekstraktlarinin fenolik bilesikleri (mg kg™)

Table 3. Phenolic compounds of raisin and seed methanol extracts (mg kg™)

Kuru Gzim
Raisin

Fenolik bilesikler
Phenolic compounds

Cekirdek
Seed

Hidroksibenzoik asitler
Hydroxybenzoic acids

Vanilik asit
Vanillic acid

t.e.

65.61

4-Hidroksi benzoik asit
4-Hydroxy benzoic acid

3.30

189.28

Hidroksisinamik asitler
Hydroxycinnamic acids

o-kumarik asit 2.80

o-coumaric acid

t.e.

t-ferulik asit t.e.

t-ferulic acid

t.e.

Kafeik asit
Caffeic acid

29.68

990.42

p-kumarik asit t.e.

p-coumaric acid

34.89

Klorojenik asit t.e.

Chlorogenic acid

t.e.

3-Hikdroksi sinamik asit 5.40

3-Hydroxy cinnamic acid

9.73

Rosmarinik asit 1.10

Rosmarinic acid

29.71

Salisilik asit
Salicylic acid

t.e.

t.e.

t-sinamik asit t.e.

t-cinnamic acid

t.e.

Flavanonlar
Flavanones

Narinjin t.e.

Narinjin

310.56

Narinjenin t.e.

Narinjenin

t.e.

Flavonoller
Flavonols

Rutin
Routine

t.e.

90.99

Kuersetin t.e.

Quercetin

t.e.

Flavonlar
Flavones

Krisin 331.60

Krisin

t.e.

Flavonoidler
Flavonoids

Katesin hidrat 406.91

Catechin hydrate

223.58

t.e: Tespit edilemedi
t.e: Not detected

Williamson ve Carughi (2010), kuru Gzliimdeki

fenolik  icerigin daha ¢ok flavonollerden
(kuersetin, kaemferol) ve fenolik asitlerden
(kaftarik ve  kutarik asit) kaynaklandigini

bildirmislerdir. Kelebek ve ark. (2013), Antep
Karasi kuru Gzimlerin toplam miktari 885 mg kg
olan 27 farkli fenolik bilesen tespit etmislerdir. Bu
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bilesikler icerisinde en yiiksek miktarda
bulunanlari 149 mg kg? ile (+)-katesin, 92.99 mg
kg ile trans kaftarik asit ve 72.52 mg kg ile (-)-
epikatesin olmustur.

Meng ve ark. (2011), 9 gesit kuru Gzimde 3,4-
dihidroksibenzoik asidin 3.72-1846.32, salisilik

asitin  6.79-1326.08, (+)-katesinin 17.5-764.79,
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kuersetinin 13.85-326.7, rutinin 11.21-70.42,
gallik asitin 0.35-69.60, kafeik asidin 10.04-66.47,
sirinjik asidin 8.55-48.45, ferulik asidin 8.72-48.94
ve kumarik asidin 2.38-23.45 pug g km™ arasinda
degistigini bildirmislerdir. Breksa ve ark. (2010),
16 gesit kuru Gzim cesidinde gallik asit, kaftarik
asit, rutin, kuersetin-3-O-

katesin, epikatesin,

glikozit ve kaemferol3-O-glikozit ~ fenolik
bilesiklerinin tespit edildigini bildirmislerdir.

Wang ve ark. (2010), Muscadine izim posasinda
gallik asit, epikatesin, epigallokatesin, katesin,
mirsetin, kuersetin, kaempferol,
delfinidin,

malvidin fenolik bilesiklerinin bulundugunu; ayrica

ellajik asit,

syanidin, petunidin, peonidin ve
toplam fenolik bilesik miktarinin 34.1 mg GAE g
ekstre oldugunu tespit etmislerdir. Duran (2014),
8 farkh Gzim cekirdeginde 4 farkh fenolik bilesik
(hidroksibenzoik

hidroksisinnamik asit tlrevleri,

grubundan asit  tlrevleri,
flavanoller ve
flavonoller) 24 fenolik bilesen bulundugunu
belirtmistir. Bu bilesiklerden ¢alisma ile uyumlu
olan vanilik asit, 4- hidroksi benzoik asit, kafeik
asit, p-kumarik asit ve rutin Horoz Karasi
cesitlerinde de tespit edilmistir.

Topalovic ve ark. (2012), uzimdeki fenolik
miktarlarinin tarimsal

bilesiklerin genetik,

uygulamalar, iklimsel, cografik etmenler ile
bitkinin kuvveti ve olgunlasma asamalarina bagli
olarak farklihk gosterebilecegini belirtmislerdir.
bu

Galismalar arasinda olabilecek farkliliklar

duruma baglanabilir.

Sonuglar

Bu calisma ile Kilis ilinin yetistiriciliginde 6n
planda oldugu Horoz Karasi veya yoresel olarak
Kilis
cekirdeklerinin metanol

bilinen adiyla Karasi kuru dzim ve

ekstraktlarinin fenolik
bilesenleri ve antioksidan kapasiteleri literatire
kazandirilmistir. Kuru Gziimlerde 7, cekirdeklerde
ise 9 farkl
Ekstraktlarda tespit edilen fenolik ve flavanoid

fenolik bilesen tespit edilmistir.

madde miktarlarina paralel olarak yuksek
antioksidan kapasite de belirlenmistir. Literatiire
benzer olarak Gzim cekirdeklerinin meyveye

kiyasla daha yliksek fenolik bilesen miktari ve
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antioksidan kapasitesi oldugu belirlenmistir. Kuru

Uzim ve ¢ekirdeklerinde belirlenen

bu
alternatif

yuksek
yapay
olarak

bu
Urlnlerin gostermis olduklari biyoaktif 6zellikler

antioksidan igeriginin ardnlerin
antioksidanlara

kullanilabilecegini  gostermistir.  Ayrica
gunluk diyette Gzim ve Urlnlerine yer verilmesi

gerektigini ortaya koymustur.
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0z

Bu ¢alismada, 200, 300 ve 500 ppm konsantrasyonlarinda hazirlanan kizilcik ekstraktlari
sigir koftelerine katkilanmis ve depolama boyunca (-182C, 6 ay) koftelerin fizikokimyasal
ozelliklerinde (pH, renk, toplam fenolik madde miktari, antiradikal aktivite degeri, TBARS
degeri ve karbonil icerigi) meydana gelen degisiklikler arastiriimistir. Kizilcik ekstraktinin
koftelerdeki pH degerini 6nemli oranda (P<0,05) etkiledigi tespit edilmistir. Depolama
boyunca koftelerin parlaklik (L*) ve kirmizilik (a*) degerlerinde diistis yasanirken sarilik (b*)
degerlerinde ise 6nemli artiglar gértlmustir (P<0,05). Depolama boyunca tiim érneklerin
toplam fenolik madde miktarinda 6nemli dusUsler gozlenirken (P<0,05) oransal olarak en
buyuk disus (%50.11) KO numarah 6rnekte gergeklesmis ve bunu sirasiyla K200 (%26.20),
K300 (%20.27) ve K500 (%10.96) numarali 6rnekler takip etmistir. Her bir analiz glininde
gruplar arasinda onemli farkliliklarin oldugu (P<0,05) ve en biyik %ARA degerine K500
numarali 6rnegin sahip oldugu gorilmastir. Artan konsantrasyonlardaki kizilcik
ekstraktinin koftelerdeki lipid ve protein oksidasyonunu onemli olgiide engelledigi
gozlenmistir.

Anahtar Kelimeler: Kizilcik ekstrakti, oksidasyon, kofte, fizikokimyasal 6zellikler

ABSTRACT

In this study, was to investigate changes occurred in physicochemical properties (pH, color,
total phenolic content, DPPH radical scavenging activity, TBARS value and carbonyl content)
of beef patties with the addition of different concentrations (200, 300 and 500 ppm) of the
cornelian cherry extracts during the storage periods (-182C, 6 months). The addition of the
cornelian cherry extracts had a discernible effect on the beef patties' pH value (P<0.05).
Throughout storage periods, the lightness (L*) and redness (a*) value of all samples were
decreased although there were increased in yellowness (b*) value. From the beginning to
the end of the storage, the total phenolic content of the samples was decreased and this
decrement was respectively in the KO (%50.11), K200 (%26.20), and K300 (%20.27) and
K500 (%10.96) groups. In terms of DPPH radical scavenging activity, there were significantly
differences among the samples at each evaluation period (P<0.05) and the K500 sample
had the higher than the other samples. The increment of the cornelian cherry extracts has
been highly effective found for preventing lipid and protein oxidation in cooked beef
patties.

Key Words: Cornelian cherry extract, patty, oxidation, physicochemical properties
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Giris

Blylikbas ve kugukbas kasaplik hayvanlardan
elde edilen kofte tipi Grlinler hem llkemizde hem
de diinyada severek tiketilmektedir. Kofte, cesitli
hayvanlardan elde edilen etin yag ile birlikte kiyma
makinasindan gegirilmesinden sonra igine ¢esitli
baharatlar ile bazi katki ve dolgu maddelerinin
ilave edildigi bir trindir. Et her ne kadar protein,
lipid, vitamin ve mineralce zengin bir gida olsa da
yuksek su aktivitesi ve pH degeri nedeniyle sinirh
bir raf omriine sahiptir. Et ve et Urlnlerinin
kalitelerinde olumsuz birtakim degisikliklere yol
acarak Urinin tiketilemez hale gelmesine neden
olan en o6nemli kimyasal degisimlerden birinin
oksidasyon (lipid ve protein oksidasyonu) oldugu
cesitli arastiricilar tarafindan belirtilmistir (Martini
ve ark., 2021; Werenska ve ark., 2022).

Bir Urinde lipid ve protein oksidasyonun
reaktif
oksijen veya azot tirleri, doymamis yag asidi,

baslayabilmesi icin ortamda o6ncelikle

aminoasitler ve oksijenin bulunmasi gerekir.
Reaktif oksijen ve azot tirleri, canl hayvanlarin
metabolik aktiviteleri (solunumlari sonucunda)
sonucunda endojen olarak tretilmelerinin yaninda
cevresel faktorlerinde (giines isinlari, radyasyon,
cevre kirliligi, gibi) bu bilesiklerin olusumunu tesvik
ettigi belirtilmistir (Sarma ve ark., 2010). Canh
hayvanlarin biinyelerinde bulunan cesitli protein
(laktoferrin  ve enzimlerin

transferrin) ve

(stperoksit dismutaz, glutatyon peroksidaz,
glutatyon redliktaz, tiyoredoksin rediiktaz, peroksi
redoksinler, katalaz,

glutatyon S-transferaz)

oksidasyona karsi antioksidan etki gosterdigi
bilinmektedir (Casteilla ve ark., 2001; Papuc ve
ark., 2017). Hayvanin kesimiyle birlikte dolasim
sisteminin durmasiyla antioksidan enzimlerin etkisi
Bu

tikenmesiyle et yapisinda bulunan demir icerikli

hizla sona  ermektedir. maddelerin
hemoglobin ve myoglobin gibi cesitli prooksidan
bilesiklerin varhgiyla hem lipid hem de protein
oksidasyonu katalizlenmektedir (Estevez ve Cava,
2004; Soladoye ve ark., 2015).

Lipidler buyilik oranda doymus ve doymamis yag
asitlerinden olusan onemli gida bilesenlerinden

biridir. Kirmizi et, kanatli ve su Grtnlerine nazaran
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daha fazla doymus vyag asidi icermektedir.
Hayvanin cins, yas, cinsiyet, karkasin alindigi bolge,
gibi  birtakim

parametrelerin etin doymus veya doymamis yag

uygulanan teknolojik islemler
asidi profilini etkiledigi bilinmektedir. Doymamis
yag asitleri doymus yag asitlerine gore stabil
olmadigl igin oksijen ile ¢ok kolay bir sekilde
reaksiyona girebilmektedir. Et ve Urunlerinin kalite
karakteristiginde olumsuz birtakim degisiklere
neden olan oksidasyonun ilk basta lipidlerde
meydana geldigi ve ardindan lipid oksidasyonu ara
Urlnlerinin (lipid radikali, alkoksi radikali, peroksi
radikali) tetikledigi
belirtilmistir. Lipid ve protein oksidasyonu benzer

protein  oksidasyonunu
sekilde 3 asamadan (baslangig, yayllma ve bitis)
olusmaktadir. Etin binyesinde bulunan doymamis
yag asitleri oksijen varliginda ortamda bulunan
reaktif oksijen turleriyle reaksiyona girip lipid
oksidasyonunu baslatir (Papuc ve ark., 2017,
Oswell ve ark., 2018; Das ve ark., 2020). Lipid
oksidasyonunun baslamasiyla birlikte et renk

pigmenti olan myoglobinin metmyoglobine
donilstigli ve depolama siiresi boyunca etteki
kirmizihgin ~ yavas yavas azalarak  vyerini
kahverengimsi-gri bir renge biraktigi gozlenir.
Ayrica, lipid oksidasyonu sonucunda olusan cesitli
aldehitler, ketonlar, ucucu organik bilesiklerin
toksik karakterli olduklari ve insan sagligi Gizerinde
olumsuz etkilerinin oldugu bilinmektedir (Vieira ve
ark., 2017; Kanner, 2007; Cohn, 2002; Halliwell ve
Gutteridge, 1990).

Protein oksidasyonu, aminoasitlerin ortamda
bulunan reaktif oksijen veya azot tirleri ile ve bazi
lipid oksidasyonu ara drlnlerinin  reaksiyonu
sonucu olusan protein radikallerinin ileri diizeyde
modifikasyonu olarak tanimlanir (Shacter, 2000).
Protein oksidasyonu lipid oksidasyonuna nazaran
daha

oksidasyonunda

yavas gerceklesmektedir. Ayrica, lipid

oldugu gibi protein
oksidasyonunda da isik, isi, sicaklik, radyasyon gibi
cevresel faktorlerin yani sira boyut kiicliltme,
kiirleme, fermentasyon, tuzlama, titslleme,
kurutma gibi ete uygulanan cgesitli teknolojik
islemlerin de protein oksidasyonunu katalizledigi
belirtiimektedir (Ergezer ve ark., 2016; Oswell ve

ark., 2018).
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Genel olarak et ve Urinlerinin oksidasyonu
sonucunda etin duyusal (istenilmeyen tat ve
kokunun olusumu, lezzet ve renk kaybi), besleyici
degerinde dususler
azalma, A, D ve K vitamin kaybi, tekli veya ¢oklu

(esansiyel aminoasitlerde
doymamis yag asitlerinde azalma) ve teknolojik
ozelliklerinde (proteinlerin ¢ozunurligiinde ve
proteinlerin emdlsifikasyon ozelliklerinde
disugsler) olumsuz birtakim degisiklikler yasanir
(Devatkal ve ark., 2014; Garcia-Lomillo ve ark.,
2017).

Gida endustrisi, kofte tipi Grlnlerin raf 6mrind
uzatabilmek ve bunun yaninda Uriinde meydana

gelebilecek oksidatif reaksiyonlari yavaslatabilmek

veya engellemek icin  c¢esitli  stratejileri
(antimikrobiyal ~ ve  antioksidan karakterli
maddelerin  kullanimi, yag asidi profilinde
degisiklik, kolesterol miktarinin azaltimi, tuz

miktarinin azaltimi gibi) gelistirmeye baslamistir
(Nikmaram ve ark., 2018). Bu amacla bu tir
drdnlerin Gretiminde BHA (butillenmis hidroksi
anisol), BHT (butillenmis hidroksi tolien), PG
(propil gallat) gibi sentetik antioksidan maddeler
kullaniimaktadir (Hashemi ve ark., 2017; Sen ve
Mandal, 2017). Ancak,
arastirmalar  sonucunda

yaptlan  bilimsel

sentetik  karakterli
antioksidan maddelerin insan sagligl (zerinde
olumsuz etkilere neden oldugu tespit edildikten
sonra bu durum hem bilim insanlari hem de et
endustrisini bu maddelere alternatif olabilecek
dogal karakterli cesitli antioksidan maddelerin
Ar-Ge
yonlendirmistir (Magsood ve ark., 2006; Lorenzo

kullanimina yonelik ¢alismalarina
ve ark., 2013; Falowo ve ark., 2014; Munekata ve
ark., 2017; Sahin ve ark., 2017, Lorenzo ve ark.,
2018).

antioksidanca oldukca zengin polifenol icerikli

Literatlr incelediginde, son yillarda
cesitli meyve ve sebze ekstraktlarinin (biberiye,
yesil cay, Gzim cekirdegi, Moringa bitki cicegi,
kimyon tohumu, nar kabugu, brokoli tozu gibi)
kofte tipi

baslandig1 gorilmistir (Naveena ve ark., 2008;

UrGinlerin  Uretiminde kullanilmaya

Banerjee ve ark., 2012; Lorenzo ve ark., 2013;
Lorenzo ve ark., 2014; Pateiro ve ark., 2015;
Lorenzo ve Munekata, 2016; Turgut ve ark., 2016;
Pereira ve ark., 2017; Chauhan ve ark., 2018;
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Madane ve ark., 2019).

Kizilckk  meyvesi,
yetisebilen,
Kizilcik, antioksidanca zengin bir meyve olmasinin

ithman iklim bdlgelerinde

kirmizi renkli ve eliptik sekillidir.
yaninda kardiyovaskiler rahatsizliklar, idrar yolu
enfeksiyonlari ve kanser gibi pek ¢ok hastaligin
onine gecilmesinde 6nemli bir rol oynamaktadir
(Vinson ve ark., 2001; Sun ve ark., 2002; Lin ve ark.,

2002).
Kizilclk  meyvesinin et ve drlnlerinde
kullanimina yonelik literatiirde sinirll  sayida

¢alismaya ulasiimistir. Bunlardan birinde, kizilcik
suyunun dana eti burgerlerinde asidik yapi

olusturmasi nedeniyle son {irtin verimini distirmis

olmasina ragmen lipid oksidasyonunun
engellenmesinde  etkili oldugu gorilmustir
(Salejda ve ark., 2018). Baska bir ¢alismada ise,
kizilck  ekstrakti  katkih  yemlerle beslenen

kanatlilardan elde edilen etlerde 90 glnlik
donmus depolama boyunca lipid oksidasyonunun
kontrol grubuna kiyasla etkili bir sekilde dnlendigi
belirlenmistir (Ibrahim ve ark., 2021).

Bu calismada, antioksidanca oldukga zengin bir
Urin olan kizilck meyvesi ekstrakte edilerek
(cozlici olarak %80 etanol ve %20 distile su
kullanilmistir) farkh konsantrasyonlarda (200, 300
ve 500 ppm) koftelere ilave edilmis ve depolama
boyunca (-182C, 6 ay) firinda pisirilmis (1809C, 25
dk)
meydana gelen degisiklikler arastirilmistir.

koftelerin  fizikokimyasal  6zelliklerinde

Materyal ve Metot
Materyal

Calismada kullanilan sigir kaburga eti Denizli
ilindeki bir sipermarketten (Migros Sipermarket,
ise Denizli ilindeki semt

Denizli), kizilciklar

pazarindan temin edilmistir.

Kizilcik Meyvesinin Ekstraksiyonu

Temin edilen kizilciklar laboratuvara transfer
edilmistir. Burada kizilciklar oncelikle cesme suyu
kaba
kizilciklarin

kullanilarak kirlerinden  arindirilmistir.

Temizlenmis cekirdekleri manuel
olarak cikarilmistir. Ardindan 200 g kizilcik el
blenderinin (Braun MQ7045X Multi Quick 7, ABD)

icerisine konulmus ve lzerine 400 ml %80 etanol-


https://www.sciencedirect.com/science/article/pii/S0032579119362923#bib38
https://www.sciencedirect.com/science/article/pii/S0032579119362923#bib37
https://www.sciencedirect.com/science/article/pii/S0032579119362923#bib26
https://www.sciencedirect.com/science/article/pii/S0032579119362923#bib26
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%20 saf su iceren ¢ozlicl ilave edilmistir. Yaklasik 2
dk boyunca el blenderinde pargalanan ornekler
Whatman (no:42) filtre kagidi kullanilarak filtre
edilmis ve ardindan sizinti Rotary evaporator
(Buchi R-114, St.
cihazinda alkolli kisim tamamen uzaklastirilana

Rotavapor Gallen, isvigre)
kadar evapore edilmis ve geriye kalan sivi kisim
alinip 200, 300 ve 500 ppm konsantrasyonlarda
Elde edilen kizilcik
ekstraktlar kofte Gretiminde kullanilincaya kadar
derin dondurucuda (Regal CD 62210, Tirkiye)

muhafaza edilmistir (-18 2C).

ekstraktlar hazirlanmistir.

Koftelerin Hazirlanmasi ve Paketlenmesi

Kofte Uretiminde bir sipermarketten temin
edilen olgunlasmis sigir kaburga eti soguk zincir
altinda hizli bir sekilde Pamukkale Universitesi Et
ve Et Uriinleri isleme Teknolojileri Laboratuvarina
getirilmistir. Dana kaburga etleri (toplamda 2 kg)
oncelikle 3 mm delikli
(PMm-70,
ispanya) gecirilmis ve ardindan kiymalar tartilarak
dort farkh
konsantrasyonlarda kizilcik ekstreleri ilave edilmis
grup) bir kofte
formulasyonuna %4 oraninda irmik, %1.5 oraninda

aynaya sahip kiyma

makinesinden Mainca, Barselona,

esit gruba (kontrol grubu ve

ug farkl ayrilmistir.  Her

tuz ilave edilmis ve elle 20 dk boyunca
yogurulmustur. Kontrol grubu disindaki gruplara
ise daha dnce konsantrasyonlari ayarlanmis kizilcik
ekstraktlari (200, 300 ve 500 ppm) ilave edilmistir.
Daha sonra 4 farkh formiilasyona (KO: kontrol
grubu, K200: 200 ppm kizilcik ekstrakti ilaveli 6rnek
grubu, K300: 300 ppm kizilcik ekstrakti ilaveli drnek
grubu, K500: 500 ppm kizilcik ekstrakti ilaveli 6rnek
grubu) sahip kiyma karisimlari metal silindir sekil
vericilerle (6 cm capinda, 2 cm vyiksekliginde)
sekillendirilip 180 2C’ye ayarlanmis firina (Kumtel
LX-3525, Tirkiye) yerlestirilip 25 dk boyunca sl
isleme tabi tutulmustur. Firindan cikarilan kofteler
oda sartlarinda sogumaya birakilmis ve ardindan
ornekler kilitli buzdolabi posetlerinin (Koroplast,
Tirkiye) icerisine yerlestirilip derin dondurucuda
(Regal CD 62210, Tirkiye) -182C’'de 6 ay sireyle
muhafaza edilmistir.

Analizler
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pH ve Renk Degeri

Pisirilmis koftelerdeki pH analizi Crison Basic 20
(ispanya) marka dijital pH metre kullanilarak
gercgeklestirilmistir. Bunun igin, 10 g kofte ornegi
alinlp cam beherin igerisine vyerlestiriimis ve
Uzerine 90 ml distile su ilave edilmistir. Daha sonra
karisim homojenizatorde yaklasik 2 dk slreyle
parcalanmistir. Ardindan pH probu karisimin
deger

kaydedilmistir. Olciimden &nce pH metre uygun

icerisine  daldinlmis  ve  okunan
tampon ¢ozeltilerle kalibre edilmistir.
Depolama boyunca pisirilmis kofte 6rneklerinin
aletsel renk degerlerinde (CIE L*: parlaklik, CIE a*:
CIE b*:

degisiklikleri belirlemek icin Kalorimetre cihazi

kirmizihk, sarilik) meydana gelen

(Miniscan XE Plus, ABD) kullanilmistir. Bunun igin
kofte
yerlestirilmis

ornekleri cam bir petrinin igerisine

ve kalorimetrenin konumu
degistirilerek 3 ayri okumalari gergeklestirilmistir.
Toplam fenolik madde miktari ve antiradikal
aktivite

Koftelerde toplam fenolik madde miktari Li ve
ark. (2006) tarafindan gelistirilen Folin-Ciocalteus
(F-C) metodu kullanilarak belirlenmistir. Bunun
icin, 0.5 g kofte ornekleri alinip deney tlplnin
icerisine aktarilmis ve (zerine 5 ml metanol
eklenerek buzdolabinda (Regal VERA 455 A, Regal,
Manisa, Tlrkiye) bir gece bekletilmistir. Ardindan
uygun konsantrasyonlarda metanolli ¢ozelti test
tuplerine aktarilmistir. 0.5 ml seyreltilen ekstrakt
Uzerine 0.2 N 2.5 ml Folin-Ciocalteau reaktifi
eklenmistir. Bu karisim Gzerine 2 mL %7.5 Na,COs
¢Ozeltisi eklenerek fenolik hidroksil gruplarinin
30

dakika oda sicakliginda karanlik ortamda bekletilen

hidrojenlerini suya vermeleri saglanmistir.
karisimlarin maviye dénen renginin siddeti 760
nm’ de 6lctlmustir. Kor ¢ozeltiicin 0.5 ml ekstrakt
yerine ayni miktarda saf su, kalibrasyon egrilerinin
icinde 0.5 mL
¢Ozeltiden ilave edilmistir.

Kofte orneklerinde antiradikal aktivite (ARA)
DPPH yontemi ile Fratianni ve ark. (2010)’'a gore

olusturulmasi ilgili standart

belirlenmistir. Bunun igin, 0.5 g kofte Ornekleri
alinlp deney tlplndn igerisine aktarilmis ve
Uzerine 5 ml metanol eklenerek buzdolabinda

(Regal VERA 455 A, Regal, Manisa, Tiirkiye) bir gece
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bekletilmistir. Metanolli ¢cOzelti uygun
konsantrasyonlarda test tliplerine alinmistir. Buna
gore ekstraktlardan 0.1 mL alinarak vialler igerisine
bir 5 mL 0.1mM

konsantrasyonlu DPPH ¢ozeltisi eklenerek vorteks

eklenmigtir. Her viale
ile karistirilmis ve 27 eC de inkibe edilmistir. 20
dakika sonunda absorbanslar 517 nm dalga
boyunda okunmustur. Kor c¢oOzelti olarak saf
metanol, kontrol ¢6zeltisi olarak 0.1 mL ekstrakt
Ekstraktlarin

antioksidan kapasitesinin bir 6l¢lsi olan %ARA

(1)

yerine 0.1 mL su eklenmistir.

degerleri asagidaki formile gore
hesaplanmistir.
Calismada kizilcrk  ekstraktindaki

toplam fenolik madde miktar

kullanilan
kuru madde
Uzerinden 32.3 mg gallik asit esdegeri/g olarak
belirlenirken, antiradikal aktivite degeri ise %83.09
olarak tespit edilmistir.

% ARA = Ak — (2—Z)x 100

(1)
Ak: Kontrollin absorbansi
Ad: Ornegin absorbansi

Lipid ve protein oksidasyonunun tespiti

Lipid oksidasyonu son {Urinlerini saptamak
amaciyla TBARS analizi Witte ve ark. (1970)’e gore
yapilmistir.
Protein oksidasyonunu belirlemek amaciyla
toplam karbonil miktari Oliver ve dig. (1987)’e gbre

yapilmigtir.

Istatistik analiz
2 tekrar
gerceklestirilmistir.

Analizler ve 2 paralel seklinde

Olciilen parametreler igin
ortalama degerler hesaplanmis ve Windows icin
SPSS vyazilimi (SPSS 21.0 for Windows; SPSS Inc.
Chicago, IL, ABD) kullanilarak varyans analizi ile
karsilastirilmistir ve farkl Varyans Analizi (ANOVA)
testleri kullanilmistir. Bunun igin kofteleri gruplara
gore karakterize etmek icin tek faktorli bir ANOVA
ve depolama siiresinin kalite parametreleri
uzerindeki etkisini arastirmak igin hem gruplari
hem de depolama siresini dikkate alan iki faktorli
bir ANOVA testi uygulanmistir. Ortalamalar ayrica
testi  kullanilarak

Duncan karsilastirilmistir.
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Istatistiksel anlamlilik
belirlenmistir (P<0.05). Ortalama degerler standart
(£Standart birlikte

raporlanmistir.

%95 glven dizeyinde

sapma Sapma) ile

Arastirma Bulgulari ve Tartisma

pH Degeri

Pisirilmis sigir koftelerinin  pH degerinde
meydana gelen degisiklikler Sekil-1'de verilmistir.
Orneklerin pH degerleri 5.75 ile 6.76 arasinda
degiskenlik gostermistir. Depolamanin
baslangicinda en yiksek pH degeri KO numarah
ornek grubunda tespit edilmesine ragmen kizilcik
konsantrasyonu arttik¢a 6rneklerdeki pH degerinin
Bu kizilaik

ekstraktinin yapisinda bulunan asidik karakterli

dustigh gordlmastdr. durumun
bilesiklerden (fenolik asit, tanin, proantosiyanidin
ve flavonoid) kaynaklandigi disinilmektedir
(Daoutidou ve ark., 2021; Caillet ve ark., 2012; Al-
Zoreky, 2009; Puupponen-Pimia ve ark., 2005). O.
aydan 1. aya gelindiginde, tim o6rneklerin pH
degerinde kismi bir artis gézlenmesine ragmen bu
degisim onemli bulunmamistir (P>0,05). 1. aydan
2. aya gelindiginde ise, K200 numarali 6rnegin pH
degerinde 6nemli bir artisin oldugu gorilmustir
(P<0,05).
gelindiginde, KO, K300 ve K500 numarali 6rneklerin

Depolamanin 2. ayindan 3. ayina
pH degerinde kismi bir artisin olmasina ragmen
istatistiksel acidan anlamli bulunmamistir (P>0,05).
3 aylik stire zarfinda KO numarali 6rnegin pH
degerindeki artisin (6.25'ten 6.76 seviyesine
yukselmesi) etin yapisinda bulunan proteolitik
karakterli enzimlerin faaliyeti ile alakali oldugu
dislinilmektedir. (Hernandez ve ark., 2004).
Depolamanin 4. ayindan 6. ayina gelindiginde ise,
K300 ve K500 numarah 6rneklerin pH degerinde
onemli bir degisiklik tespit edilmemistir (P>0,05).
0. ay harig, her bir depolama siirecinde gruplar
arasinda 6nemli bir farkhhgin oldugu gozlenmistir
(P<0,05).

Zahid ve ark. (2020) tarafindan yapilan bir
¢alismada, dana koftelerinin Uretiminde
antioksidan kaynagi olarak BHT (%0.02), askorbik
(%0.05) ekstrakti  (%0.01)

kullanilmis ve depolama boyunca (-182C, 6 ay) tim

asit ve karanfil



orneklerin

pH degerinde

pH Degeri
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onemli bir artis gorilmustir.

6.76aA

6.25aCD
6.2bA
6.13aD 6.15aD 6.2aCD 6 12bAB G-t 7bA

6.1bB

6.03bC 6.03cA

5.99cA
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5 88dA 5.93dA

5.94bD 5.96bD 5.95cAB

5.89¢cB
5.84cB
S
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5.85dA

e
5.83dAB

e
5.78dB
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Depolama Siiresi (Ay)
Storage Times (Months)

=@=K0 ==@=K200 K300 ==@=K500

Sekil 1. Depolama Boyunca (-182C, 6 ay) Kizilcik Ekstrakti ilaveli Pisirilmis Kéftelerin pH Degerinde Meydana Gelen

Degisiklikler (KO: kontrol grubu, K200: 200 ppm kizilcik ekstrakti ilaveli kofte grubu, K300: 300 ppm kizilcik
ekstrakti ilaveli kéfte grubu, K500: 500 ppm kizilcik ekstrakti ilaveli kofte grubu)

ab¢d: Ayni depolama giinlerinde (farkli renkli cizgiler) gruplar arasindaki istatistiksel farkin dnemli diizeyde
oldugunu gostermektedir (P<0,05).

A B, GD: Ayni grup icerisinde (ayni renkli gizgiler) depolama siiresi boyunca (-182C, 6 ay) istatistiksel farkin
onemli diizeyde oldugunu goéstermektedir (P<0,05).

Figure 1. pH Values of cooked beef patties treated with different concentration levels of cranberry extract during

Renk Degeri

storage (-182C, 6 months) (KO: control, K200: 200 ppm cranberry extract added beef patty, K300: 300 ppm
cranberry extract added beef patty, K500: 500 ppm cranberry extract added beef patty)

ab.c d: |ndicates that the statistical difference (P<0,05) is significant at the same storage day (the lines with
different colors) within the treatments.

A B CD:Indicates that the statistical difference is significant within the same treatment (the lines with same
colors) throughout storage (-182C, 6 ay) (P<0,05).

parlakhk degerine sahip oldugu ve K300 ve K500

Depolama boyunca (-182C, 6 ay) pisirilmis sigir
koftelerinin aletsel renk degerlerinde (L*, a* ve b*
degeri) meydana gelen degisiklikler Sekil-2, 3 ve
4’te verilmistir. Depolamanin baslangicinda KO
numarali 6rnegin en yiiksek L* degerine (42.21)
sahip oldugu goézlenmis ve gruplar arasinda
bir farklihk tespit
ayda, gruplar arasinda

istatistiksel acidan 6nemli
edilmistir (P<0,05). 1.
bir
depolamanin 2. ayina gelindiginde K300 ve K500

onemli farklihgin  olmadigi  gozlenirken

numarali  6rneklerin birbirine oldukca yakin

parlakhk degerlerine sahip oldugu gorilmastir. 2.,
3., 4. ve 5. aylarda, KO numarali érnegin en disik
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numarali drneklerin ise istatistiksel agidan benzer
oldugu tespit edilmistir (P>0,05). Depolamanin
sonunda, K200 (38,54) ve K300 (39,01) numaral
orneklerin istatistiksel acidan benzer oldugu
(P>0,05) ve en vyiksek parlaklik degerine K500
(39.66) numarali 6rnekte oldugu gozlenmistir.
Genel anlamda, depolama boyunca tiim érneklerin
parlaklk degerinde dnemli diistislerin oldugu ve bu
dislisiin koftelerin depolanmasi sirasinda aciga
kaynaklandigi
2022;

cikan oksidatif reaksiyonlardan
disiinilmektedir (Oziinli  ve

Villalobos-Delgado ve ark., 2020).

Egezer,
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Sekil 2. Depolama Boyunca (-182C, 6 ay) Pisirilmis Koftelerin L* (Parlaklik) Degerinde Meydana Gelen Degisiklikler
(KO: kontrol grubu, K200: 200 ppm kizilcik ekstrakti ilaveli kofte grubu, K300: 300 ppm kizilcik ekstrakti ilaveli
kofte grubu, K500: 500 ppm kizilcik ekstrakti ilaveli kofte grubu)

2 b.c: Ayni depolama giiniinde (farkli renkli siitunlar) gruplar arasindaki farkhlik istatistiksel agidan dnemli

bulunmustur (P<0,05).

A 8¢ D EF: Depolama boyunca ayni grup icerisindeki (ayni renkli siitunlar) farklilik istatistiksel agidan énemli

bulunmustur (P<0,05).

Figure 2. L* values of cooked beef patties treated with different concentration levels of cranberry extract during
storage (-182C, 6 months) (KO: control, K200: 200 ppm cranberry extract added beef patty, K300: 300 ppm
cranberry extract added beef patty, K500: 500 ppm cranberry extract added beef patty)
a5 ¢ The statistical difference is significantly found at the same storage day (the columns with different

colors) within the treatments (P<0,05).

AB,CDEF: The statistical difference is significantly found within the same treatment (the columns with same

colors) throughout storage (P<0,05).

Calisma sonuglarimizin aksine, farklh oranlarda
(%0, 0.4, 0.8, 1.2) siyah piring ekstraktinin sigir
koftesine ilave edildigi bir calismada, depolama
boyunca (42C, 6 giin) siyah piring ekstrakti ilaveli
orneklerin parlaklik degerinde bir dalgalanmanin
yasandigl goriliirken kontrol grubunda ise dnemli
bir
(Prommachart ve ark., 2020). Baska bir calismada
ise, farkli oranlarda (%0.1, 0.2, 0.4) liyofilize edilmis
siyah karadut ekstraktinin sigir koftesine ilave

degisikligin olmadigini bildirilmistir

edildigi bir calismada, depolama boyunca (429C, 15
gin) hem atmosferik hem de vakumla paketlenmis
bir
dalgalanmanin oldugu belirtilmistir (Turan ve
Simsek, 2021).
Pisirilmis
meydana gelen degisiklikler Sekil-3’te verilmistir.
Orneklerdeki kirmizilik degerinin 4.05 ile 7.33
arasinda degiskenlik gosterdigi ve depolamanin ilk

orneklerin parlaklik degerlerinde

koftelerin ~ kirmizihk  degerinde

2 ayinda KO numarali 6rnegin en yiksek kirmizilik
degerine sahip oldugu gérilmistir. ilave edilen

310

ekstraktin rengi aletsel olarak tespit edilmemesine
ragmen gorsel olarak ekstrakt sari-turuncu bir
renge sahiptir. Bu nedenle farkli oranlardaki kizilcik
ekstrakti, pisirilmis koftelerin kirmizilik degerinde
artan oranlara bagh olarak dismeye neden
olmustur. Depolamanin 2. ayinda, kizilcik ekstrakti
ilaveli 6rnek gruplari arasinda istatistiksel acidan
bir farkhlik tespit edilmemis (P>0,05) ve ornekler
kontrol grubuyla karsilastirildiginda istatistiksel
acidan bir anlamh bir farkhlik tespit edilmistir
(P<0,05).
gruplar arasinda o6nemli bir farkhligin olmadigi

Depolamanin 3., 4., ve 5. aylarinda
(P>0,05) ve depolamanin sonunda en yiiksek
kirmizihk degerine K500 (6.26) numarali 6rnegin
sahip oldugu gozlenmistir. Depolama boyunca tim
bir
goralirken (P<0,05) bu disusiin en fazla kontrol

orneklerin  kirmizilik  degerinde dusls
grubunda (K0) yasandigi goriilmustiir. Antioksidan
kaynagi olarak kullanilan kizilcik ekstraktinin
koftelerdeki kirmizi rengi 6Gnemli oranda korumasi

drldnlerin depolanmasi sirasinda meydana gelen
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lipid ve protein oksidasyonunu o6nemli Olclde
engellemesini gostermesi agisindan blyik énem
2018).
depolama boyunca pisirilmis koftelerin aletsel renk

arz etmistir (Salejda ve ark., Ayrica,

aAB aB

abA
bA LA

aA
bA bA

8
bAbA

a* (Kirmizilik Degeri
N w ~ (6] (o))

=

aB

aA
aB

degerlerinde meydana gelen degisiklikler lipid ve
protein oksidasyonu sonuglariyla da paralellik
gostermistir.

aAB aB

aC | aA
aCD

Depolama Siresi (Ay)

Storage Times (Months)

EKO mK200 mK300

K500

Sekil 3. Depolama Boyunca (-189C, 6 ay) Pisirilmis Koftelerin a* (Kirmizilik) Degerinde Meydana Gelen Degisiklikler
(KO: kontrol grubu, K200: 200 ppm kizilcik ekstrakti ilaveli kofte grubu, K300: 300 ppm kizilcik ekstrakti
ilaveli kofte grubu, K500: 500 ppm kizilcik ekstrakti ilaveli kofte grubu)
ab¢d: Ayni depolama giiniinde (farkli renkli siitunlar) gruplar arasindaki farkhlik istatistiksel agidan dnemli

bulunmustur (P<0,05).

A8 C: Depolama boyunca ayni grup igerisindeki (ayni renkli siitunlar) farklilk istatistiksel agidan dnemli

bulunmustur (P<0,05).

Figure 3. a* values of cooked beef patties treated with different concentration levels of cranberry extract during
storage (-182C, 6 months) (KO: control, K200: 200 ppm cranberry extract added beef patty, K300: 300 ppm
cranberry extract added beef patty, K500: 500 ppm cranberry extract added beef patty)
ab.c d: The statistical difference is significantly found at the same storage day (the columns with different

colors) within the treatments (P<0,05).

A B C. The statistical difference is significantly found within the same treatment (the columns with same

colors) throughout storage (P<0,05).

Farkli konsantrasyonlarda yesil kahve tozu
ekstraktinin (250, 500 ve 1000 ppm) sigir koftesine
ilave edildigi bir calismada, depolama boyunca
(49C, 14 giin) koftelerin kirmizilik degerinde 6nce
bir sonra
gininden sonra) bir vyikselisin  oldugunu
belirtilmistir (Mostafa ve Azab, 2022). Babaoglu ve
ark. (2022) tarafindan yapilan baska bir calismada
bitki
bogirtlen, kirmizi frenk

diuslis daha ise (depolamanin 7.

ise, sigir koftelerinin Uretiminde dogal
ekstraktlar (kus kirazi,
UzUm0 ve yaban mersini) kullanilmis ve genellikle
depolama boyunca (42C, 9 giin) tim o6rneklerin
kirmizihk degerinde 6nce bir diislis (depolamanin
ilk alti gliniinde) daha sonra ise bir vyikselis
6. 9.

gelindiginde) yasandigini bildirmislerdir.

(depolamanin gliniinden gliniine
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Depolama boyunca pisirilmis sigir kéftelerinin

aletsel sarilik  degerinde meydana gelen

degisiklikler Sekil-4’de verilmistir. Depolamanin
kofte
degerlerindeki sonuglarin birbirine benzer oldugu
gozlenmistir (P>0,05).
aylarinda K200 ve K300 numarali 6rnekler arasinda
onemli bir farkhligin olmadigi (P>0,05) ve K500

numarali 6rnegin ise en duslik sarilik degerine

baslangicinda orneklerinin sarilik

Depolamanin 1. ve 2.

sahip oldugu tespit edilmistir. 3., 5. ve 6. aylarda,
en ylksek sarilik degerine KO numarali 6rnegin
sahip oldugu ve KO numarali 6rnegin diger 6rnek
gruplarina gore istatistiksel acidan farkh oldugu
gortlmustir (P<0,05). Depolamanin 4. ayinda,
K300 (10,99) ve K500 (10,87) numarali drnekler
anlamh bir

arasinda farkhlik ~ bulunmamistir
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(P>0,05). Depolama boyunca tiim orneklerin sarilik
degerinde 6nemli bir artisin oldugu ve bu artisin et
renk pigmenti olan miyoglobinin isil islemle birlikte
metmyoglobine donismesiyle birlikte depolama

boyunca ortamda bulunan basta oksijen,
hemoglobin, demir gibi bilesiklerin etin yapisinda
bulunan lipidlerle  reaksiyona girip lipid

oksidasyonunu katalizlemesinden kaynaklandig
dusiiniilmektedir (Oziinlii ve ark., 2022; Shimizu ve
Iwamoto, 2022; Amaral ve ark., 2018; Byrne ve
ark., 2002).

Sigir koftelerinin Gretiminde portakal kabugu,
domates posasi ve seker kamisi posasi ekstraktlari

14

abC

abCh b bBC
aF labac B aE |a

o“ |‘ ||
0 1

12

1

b* (Sarilik) Degeri
[e)] (o] o

S

N

ilave edilmis ve depolama sirasinda (42C, 12 giin)
modifiye atmosferde paketlenen (%80 O; + %20
COy) orneklerin sarilik degerinde énemli bir artigin
oldugu belirtilmistir (Liang ve ark., 2022). Baska bir
calismada ise, sogan zari ekstraktlarinin (%0.01,
0.05 0.1)
kullanilmasiyla depolama sirasinda (42C, 12 giin)
koftelerin sarilik degerinde bir dlisiisiin olmasina
ragmen bu distsiin 6nemli olmadig (P>0,05)
bildirilmistir (Wang ve ark., 2022).

ve sigir  koftesinin - Gretiminde

bA
cA bA bA

bB
| bBeaB |bABbA |
6

bBC bAB

Depolama Siiresi (Ay)

Storage Times (Months)

EKO mK200 mK300 K500

Sekil 4. Depolama Boyunca (-189C, 6 ay) Pisirilmis Koftelerin b* (Sarilik) Degerinde Meydana Gelen Degisiklikler (KO:

kontrol grubu, K200: 200 ppm kizilcik ekstrakti ilaveli kofte grubu, K300: 300 ppm kizilcik ekstrakti ilaveli
kofte grubu, K500: 500 ppm kizilcik ekstrakti ilaveli kofte grubu)

ab.¢; Ayni depolama giinlinde (farkli renkli siitunlar) gruplar arasindaki farkllik istatistiksel agidan énemli
bulunmustur (P<0,05).

ABCD,EFG: Depolama boyunca ayni grup icerisindeki (ayni renkli siitunlar) farklilik istatistiksel agcidan dnemli
bulunmustur (P<0,05).

Figure 4. b* values of cooked beef patties treated with different concentration levels of cranberry extract during

Toplam Fenolik Madde ve Antiradikal Aktivite

storage (-182C, 6 months) (KO: control, K200: 200 ppm cranberry extract added beef patty, K300: 300 ppm
cranberry extract added beef patty, K500: 500 ppm cranberry extract added beef patty)

a5 ¢ The statistical difference is significantly found at the same storage day (the columns with different
colors) within the treatments (P<0,05).

ABCDEFG: The statistical difference is significantly found within the same treatment (the columns with
same colors) throughout storage (P<0,05).

karsilastinldiginda  kiziletk  ekstrakti ilaveli

Depolama boyunca pisirilmis sigir koftelerin
toplam fenolik madde ve antiradikal aktivite
degerlerinde meydana gelen degisiklikler Cizelge-
1'de grubuyla

verilmistir. Kontrol

koftelerin toplam fenolik madde igerikleri daha
yiksek bulunmustur ve bu durumun kizilcik
bilesiminde alan  cesitli

ekstraktinin yer

polifenollerin, fenolik asitlerin, flavonoidlerin ve

312
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triterpenoidlerden kaynaklandig
distnilmektedir. Her bir depolama sirecinde
istatistiksel

ornekler arasinda

farklihklarin oldugu tespit edilmistir (P<0,05).

acidan  Onemli

Depolama boyunca tiim érneklerin toplam fenolik
madde miktarinda onemli duslslerin yasandigi
gorilirken (P<0,05) oransal olarak en buyik
disistn (%50.11) KO numarali 6rnekte ve bunu
sirasiyla K200 (%26.20), K300 (%20.27) ve K500
(%10.96)
Depolamanin 2. ayindan (99.71 mg gallik asit/100

numarali  Ornekler takip etmistir.
g rlin) 3. ayina (98.89 mg gallik asit/100 g Urlin)
gelindiginde K500 numarali 6rnegin toplam fenolik
madde iceriginde disisin oldugu ancak bu

disistin 6nemli olmadigi belirtilmistir (P>0,05).

Sigir hamburger koftelerine farkli oranlarda
kurutulmus karanfil tozunun ilave edildigi bir
calismada, depolama boyunca (42C, 21 giin) tim
iceriginde
disisin oldugu ve bu disisin en fazla kontrol

orneklerin toplam fenolik madde

grubunda oldugu bildirilmistir (Ahmed ve ark.,
2022). Al-Juhaimi ve ark. (2020) tarafindan yapilan
baska bir calismada ise, misir akasya agacinin taze
meyvesi ekstrakte edilmis ve farkli oranlarda (%0,
0.5, 1 ve 2) sigir hamburger koftesine ilave edilmis
ve depolama boyunca tim orneklerin toplam
fenolik madde miktarinda 6nemli azalislarin
oldugu ve bu azalisin an ¢ok kontrol ve %0.5 meyve
ekstrakti

oldugu belirtilmistir.

ilave edilmis hamburger koftesinde

Cizelge 1. Depolama Boyunca Kizilcik Ekstrakti ilaveli Kéftelerin Toplam Fenolik Madde Miktarinda ve DPPH Antiradikal Aktivite

Degerlerinde (%ARA) Meydana Gelen Degisiklikler

Table 1. Total phenolic content and DPPH antiradical activity of cooked beef patties treated with different concentration levels
of cranberry extract during storage (-182C, 6 months) (KO: control, K200: 200 ppm cranberry extract added beef patty, K300:
300 ppm cranberry extract added beef patty, K500: 500 ppm cranberry extract added beef patty)

Toplam Fenolik Madde Miktari (mg gallik asit/100 g) / Total Phenolic Content (mg gallik asit/100 g)
Ornek Depolama Siresi (Ay) / Storage Times (Months)
Gruplari 0 1 2 3 4 5 6
KO 42,21+0,23% | 40,79+0,20%® | 35,73+0,34% | 32,13+0,119 | 30,45+0,31° | 28,33+0,54% | 21,06+0,24%
K200 90,91+0,61°* | 88,65+0,25¢® 86,11+0,35° | 83,44+0,12° | 79,45+0,35¢ | 74,13+0,13" | 67,09+0,25°
K300 97,87+0,33°* | 94,11+0,27° 91,22+0,40°C | 89,99+0,16°° | 87,33+0,37°¢ | 84,21+0,14°F | 78,03+0,26C
K500 101,33+0,18%* | 100,27+0,15**8 | 99,71+0,39°® | 98,89+0,21%% | 97,83+0,222C | 95,57+0,38° | 90,22+0,292¢

DPPH Antiradikal Aktivite (%ARA) / DPPH antiradical activity (%ARA)

KO 31,13+0,26% | 28,75+0,30%® 24,18+0,34% | 22,07+0,11%° | 21,65+0,14% | 19,77+0,42% | 16,45+0,5%
K200 72,45+0,41* | 69,93+0,18<¢ 65,69+0,40° | 61,08+0,15° | 59,33+0,16 | 55,61+0,41 | 50,11+0,52¢C
K300 78,89+0,33°* | 77,81+0,19"8 76,20+0,5°¢ | 73,31+0,25°° | 71,27+0,27°¢ | 69,37+0,37°" | 64,23+0,53%¢
K500 81,37+0,20** | 80,93+0,21°* 80,19+0,37%® | 79,44+0,2°C | 78,34+0,33%° | 77,09+0,35% | 73,45+0,54°

abc,d Ayny siitunda bulunan harfler istatistiksel agidan dnemli bulunmustur (P<0,05).

A B CDEF G Ayn) satirda bulunan harfler istatistiksel agidan énemli bulunmustur (P<0,05).

ab.c.d: Mean values within the same column bearing different superscripts differ significantly (P<0,05).
A B CDEFG: Mean values within the same row bearing different superscripts differ significantly (P<0,05).

Depolama boyunca pisirilmis sigir kéftelerinin
toplam fenolik madde ve antiradikal aktivite
degerlerinde meydana gelen degisiklikler Cizelge-
1’de verilmistir. Depolamanin baslangicinda KO
ornegin %ARA degeri 31.13 olarak
Kiziletk  ekstrakti kofte
orneklerinde %ARA degerinin daha yiksek oldugu

numarali
bulunmustur. ilaveli

tespit edilmistir. Depolama boyunca tim
orneklerin %ARA degerinde Onemli duslslerin
yasandigl gorilirken (P<0,05) oransal olarak en
buyik distus (%47.16) KO numarali ornekte
gozlenmis ve bunu sirasiyla K200 (%30.84), K300
(%18.58) ve K500 (%9.73) numarali ornekler takip

etmistir. Her bir depolama sirecinde gruplar

313

arasinda 6nemli farkhliklarin oldugu (P<0,05) ve en
biyik %ARA degerine K500 numarali 6rnegin
0.
ayindan 1. ayina gelindiginde K500 numarali
ornegin %ARA degeri 81.37’den 80.93 seviyesine
bu
bulunmamistir (P>0,05). Genel anlamda, kontrol
kizilcik  ekstrakti
onemli Odlglde

sahip oldugu gorilmistir. Depolamanin

diismesine ragmen disiis  anlamli
karsilastirildiginda
radikal

engelleyerek oksidasyonu yavaslatmistir.

grubuyla
serbest olusumunu

Dana koftelerine dogal (enginar ekstrakti, 27.3
mg gallik asit/100 g et) ve sentetik (BHT, 10 mg
gallik asit/100 g et) karakterli antioksidan madde
ilave edilmis ve depolama boyunca (42C, 7 giin)
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koftelerin %ARA degerinde oOnemli disuslerin
oldugu ve enginar ekstrakti katkili 6rneklerin %ARA
degeri diger 6rnek gruplarina goére daha yulksek

bulunmustur (Ergezer ve Serdaroglu, 2018).
Bellucci ve ark. (2022) tarafindan yapilan baska bir
calismada ise, domuz  koftelerine  farkh

konsantrasyonlarda (250, 500 ve 750 mg/kg) Acai
tozu ilave edilmis ve depolama boyunca Agai tozu
katkili koftelerin %ARA degerinde kismi disisiin
yasandigl ve bu disisiin anlaml oldugu (P<0,05)
belirtilmistir.

TBARS Degeri ve Karbonil igerigi

Lipid oksidasyonu temelde 3 asamada olusan ve
son Urinde arzu edilemeyen ransid tada neden
olan o6nemli kalite karakteristiklerinden birini
olusturmaktadir. Lipid oksidasyonunun birincil yan
Urint  olan hidro peroksitler oksidasyonun
ilerlemesiyle birlikte yerini daha kisa zincirli ve
ucucu karakterdeki cesitli aldehit, keton gibi
bilesiklere birakmistir. Lipid oksidasyonunun son
driinlerinde ¢ok sayida bilesik olusmasina ragmen
malondialdehitler bu bilesikler arasinda en fazla
olusanidir. Bu ylzden et ve Urinlerinde lipid
oksidasyon son Urinlerinin tespit edilmesinde
TBARS analizi gerceklestiriimektedir.

Pisirilmis koftelerin depolanmasi sirasinda
TBARS degerlerinde meydana gelen degisiklikler
Sekil-5'te

baslangicinda

gosterilmistir. Depolamanin
kofte TBARS
degerleri birbirine yakin degerler almasina ragmen

orneklerindeki

gruplar arasinda o6nemli farkhliklarin oldugu
(P<0,05), K200 ve K300 numarali 6rnekler arasinda
ise istatistiksel acidan bir farkliigin olmadigi tespit
edilmistir (P>0,05). Her bir depolama siirecinde KO
numarali 6rnegin en yiksek TBARS degerine sahip
oldugu ve depolamanin 1. ayinda, KO (0.35 mg
ve K200 (0,31 mg

numarali

malondialdehit/kg Grin)
malondialdehit/kg
arasinda 6nemli farkliigin olmadigi gorilmustir

ariin) ornekler
(P>0,05). 2., 4., 5., ve 6. aylarda, gruplar arasinda
anlamh bir farkhhgin oldugu goézlenmistir (P<0,05).
Depolamanin baslangicindan depolamanin 1. ayina
gelindiginde K500 numarali 6rnegin TBARS degeri
0.21 (mg malondialdehit/kg Uriin)’'den 0.24 (mg
malondialdehit/kg Uriin) seviyesine yikselmesine
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bir  farklihk
bulunmamistir (P<0,05). Depolama boyunca tiim

ragmen  istatistiksel  acidan

orneklerin TBARS degerinde o6nemli artiglarin
oldugu ve oransal olarak bu artisin en fazla KO
numaral (%807) 6rnekte oldugu ve bunu sirasiyla
K200 (%404.16), K300 (%291.30) K500
(%238.10) numarah 6rneklerin takip etmistir.

ve

Pisirilmis koftelerin depolama sirasinda karbonil
iceriginde meydana gelen degisiklikler Sekil-6’da
verilmistir. Koftelerin karbonil igerigi 0.20 ile 1.23
nmol karbonil/mg protein arasinda degiskenlik
gostermistir. Her bir depolama siiresince KO
numarali 6rnegin en yiksek karbonil igerigine
1.

arasinda onemli farkliliklarin oldugu (P<0,05) ve

sahip oldugu gozlenmistir. ayda, gruplar
K300 ile K500 numarali érnekler arasinda anlaml
bir farkhhgin olmadigi (P>0,05) tespit edilmistir.
Depolamanin 3., 4. ve 5. aylarinda, gruplar
arasinda istatistiksel acidan 6nemli farkliliklarin
oldugu (P<0,05) ve her bir depolama siiresince
K500 numarali érnegin en dislik karbonil igerigine
sahip oldugu gorilmustir. Depolamanin sonunda,
KO numarali 6rnekteki karbonil igeriginin 1.23 nmol
karbonil/mg protein seviyesine ¢iktigi ve kizilcik
ekstrakti ilaveli kofte 6rnekleri arasinda anlamli bir
(P>0,05).
baslangicindan depolamanin 1. ayina gelindiginde,
K300 ve K500 numarah
iceriginde bir artis gérilmesine ragmen istatistiksel
acidan bir farkliik tespit edilmemistir (P>0,05).

Depolamanin 3. ayindan depolamanin 6. ayina

farklihk  bulunmamistir Depolamanin

orneklerin  karbonil

gelindiginde ise, KO numaral oOrnekte 6nemli
kizilcik
kofte orneklerinde ise onemli

artislarin  oldugu gozlenirken (P<0,05)
ekstrakti
farklihklar gortlmemistir (P>0,05).

Diger taraftan,

ilaveli

isil islem sonucu et renk
pigmenti olan myoglobinin metmyoglobine ve
heme formundaki demirin heme olmayan demir
formuna dontsiimd ile birlikte etlerin depolanmasi
sirasinda meydana gelen lipid oksidasyonun
protein oksidasyonunu katalizledigi
belirtilmektedir (Estévez ve ark., 2009).

Dondurarak muhafaza, basta et ve Urlinleri olmak
Uzere cesitli gidalarin uzun sireli muhafazasinda
kullanilan bir yontemdir. Dondurarak muhafazayla
birlikte, etin besinsel onemli

icerigi Olclide
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birtakim
reaksiyonlarin hizi da yavaslatilabilmektedir. Her

korunabilmekte ve biyokimyasal
ne kadar dondurularak muhafaza yéntemiyle etin
raf dGmri uzatilmis olsa da oksidatif (lipid ve protein
oksidasyonu) ve enzimatik (lipaz, proteaz,
lipoksigenaz vb.) faaliyetler hali hazirda devam
etmektedir. Lipaz ve lipoksigenaz enzimleri, et
yapisinda bulunan yaglarla ve ortamda bulunan
oksijenle reaksiyona girerek lipid oksidasyonuna
2015;

etlerin

(Magsood ve ark.,
2015).
dondurulmasi sirasinda olusan buz kristalleri hiicre

neden olmaktadir

Rahman ve ark,, Ayrica,

membraninda mekanik hasarlara yol acarak

prooksidanlarin (okside olmus vyaglar, serbest

aciga
kolaylastirmaktadir. Bdylece, donmamis haldeki
etteki
konsantrasyonuna artirarak oksidatif bozulmayi
tesvik edebilmektedir (Utrera ve ark., 2014;
Zaritzky ve ark., 2012). Diger taraftan, isil islem

radikaller, heme demir) ¢tkmasini

prooksidanlar ¢6zlinmemis  madde

sonucu et renk pigmenti olan myoglobinin
metmyoglobine ve heme formundaki demirin
heme olmayan demir formuna donldsimi ile
birlikte etlerin depolanmasi sirasinda meydana

gelen lipid oksidasyon son urinlerinin protein

oksidasyonunu  hizlandirdigi  belirtilmektedir
(Estévez ve ark., 2009).

Dolayisiyla, KO TBARS
degerinde meydana gelen artisin etin yapisinda

bulunan lipaz ve lipoksigenaz enzim aktivitelerinin

numarali  6rnegin

yani sira hem demirin prooksidan etki gostererek
lipid katalizlemesinden
kaynaklandigi disinidlmektedir (Ismail ve ark.,
2009; Min ve Ahn, 2005). Depolama boyunca KO
karbonil

oksidasyonunu

numarali ornekteki iceriginin  6nemli
oranda arttigl ve bu artisin 1sil islemle sonucu
myoglobinin metmyoglobine donlisimii ile birlikte
Maillard reaksiyonu sonucu olusan Urlinlerin yani
sira lipid oksidasyon {Urinlerinin de protein
oksidasyonunu katalizlemesinden kaynaklandig
distnidlmektedir (Al-Dalali ve ark., 2022; Estévez
ve ark., 2009).

Kizilcik,
flavonol, fenolik asit ve proantosiyanidin bilesikler
sayesinde gicli antioksidan oOzelliklere sahiptir.

Depolama boyunca tim o&rneklerin TBARS ve

yapisinda  bulunan  antosiyanin,

karbonil igeriginde artislar gorilmesine ragmen
kizilcik ekstraktinin lipid ve protein oksidasyonu
reaksiyonlarini yavaslattigl gézlenmistir (Stobnicka
ve Gniewosz, 2018).
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Depolama Sdresi (Ay)
m KO 0.27 0.35 0.72 0.83 0.98 1.21 2.45
m K200 0.24 0.31 0.41 0.62 0.83 1.04 1.21
K300 0.23 0.28 0.36 0.57 0.68 0.79 0.9

m K500 0.21 0.24 0.3 0.42 0.55 0.61 0.71

Storage Times (Months)

Sekil 5. Depolama Boyunca (-182C, 6 ay) K6ftelerin TBARS Degerlerinde (mg malonaldehit/kg et) Meydana Gelen
Degisiklikler (KO: kontrol grubu, K200: 200 ppm kizilcik ekstrakti ilaveli kéfte grubu, K300: 300 ppm kizilcik
ekstrakti ilaveli kéfte grubu, K500: 500 ppm kizilcik ekstrakti ilaveli kofte grubu)
ab.ed; Ayni depolama giiniinde (farkli renkli siitunlar) gruplar arasindaki farkhlik istatistiksel agidan &nemli

bulunmustur (P<0,05).

ABCDEFG: Depolama boyunca ayni grup icerisindeki (ayni renkli siitunlar) farkhlik istatistiksel agidan

o6nemli bulunmustur (P<0,05).

Figure 5. TBARS values of cooked beef patties treated with different concentration levels of cranberry extract during
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storage (-182°C, 6 months) (KO: control, K200: 200 ppm cranberry extract added beef patty, K300: 300 ppm
cranberry extract added beef patty, K500: 500 ppm cranberry extract added beef patty)
a b d: The statistical difference is significantly found at the same storage day (the columns with different

colors) within the treatments (P<0,05).

A B CDEFG: The statistical difference is significantly found within the same treatment (the columns with

same colors) throughout storage (P<0,05).

Sigir koftelerine farkli miktarlarda BHA (%0,1) ve
siyah kimyon ekstraktlari (%0.1, 0.2 ve 0.3) ilave
edilmis ve depolama boyunca (49C, 15 giin) tim
orneklerin TBARS degerinde Onemli artislar
olmasina ragmen depolamanin sonunda %0.3
siyah kimyon ekstrakti ilaveli koftenin TBARS
degeri 0.52 malondialdehit/kg (Grlin seviyesinin
altinda kaldigi goérilmis ve digerlerinin 1 mg
malondialdehit/kg Urin seviyesine yaklastig
belirtilmistir (Rahman ve ark., 2021). Baska bir

14
1.2

0.8 aF
aG abC

Karbonil igerigi (nmol karbonil
/mg protein)
o

calismada ise, sigir koftelerine farkh tirde dogal
bitki ekstraktlari (ceviz kabugu, hibiskus cicegi ve
kirmizi biber) ilave edilmis ve depolama boyunca
(49C, 12 gin) tim orneklerin TBARS degerinde
artislar goriliurken en fazla artisin (%385) kontrol
grubunda oldugu ve depolamanin sonunda bitki
ekstrakti katkih  kofte orneklerindeki TBARS
degerinin 0.4 ile 0.60 seviyelerinde kaldig
bildirilmistir (Villasante ve ark., 2020).

aB

aC aA
aA aA bA

aA bA

abB
0.6 B s
0.4 bCC G
" o

5
Depolama Suresi (Ay)
m KO 0.32 0.44 0.51 0.65 0.84 1.07 1.23
W K200 0.25 0.32 0.46 0.6 0.79 0.85 0.91
K300 0.22 0.29 0.38 0.55 0.62 0.71 0.8
H K500 0.2 0.23 0.33 0.46 0.51 0.6 0.69

Storage Times (Months)

Sekil 6. Depolama Boyunca (-182C, 6 ay) Kéftelerin Karbonil iceriginde (nmol karbonil/mg protein) Meydana Gelen
Degisiklikler (KO: kontrol grubu, K200: 200 ppm kizilcik ekstrakti ilaveli kéfte grubu, K300: 300 ppm kizilcik
ekstrakti ilaveli kofte grubu, K500: 500 ppm kizilcik ekstrakti ilaveli kofte grubu)

a b ¢; Ayni depolama giiniinde (farkli renkli siitunlar) gruplar arasindaki farklilik istatistiksel acidan dnemli

bulunmustur (P<0,05).

ABCDEFG: Depolama boyunca ayni grup icerisindeki (ayni renkli siitunlar) farkhlik istatistiksel agidan énemli

bulunmustur (P<0,05).

Figure 6. Carbonyl content of cooked beef patties treated with different concentration levels of cranberry extract
during storage (-182C, 6 months) (KO: control, K200: 200 ppm cranberry extract added beef patty, K300:

300 ppm cranberry extract added beef patty, K500: 500 ppm cranberry extract added beef patty)
a.b,¢: The statistical difference is significantly found at the same storage day (the columns with different colors)

within the treatments (P<0,05).

ABCDEFG: The statistical difference is significantly found within the same treatment (the columns with same

colors) throughout storage (P<0,05).

koftelerine farkli tirde antioksidan
(BHT,

ekstraktlar) ilave edilmis ve depolama boyunca

Sigir

maddeler askorbik asit ve karanfil
(49C, 10 giin) orneklerdeki karbonil iceriginin 4 ile

10 nmol karbonil/mg protein arasinda degistigi ve
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depolama boyunca orneklerdeki karbonil igeriginin
arttigi belirtilmistir (Zahid ve ark., 2019). Zhang ve
ark. (2020) tarafindan yapilan benzer bir calismada
ise, farkli konsantrasyonlarda (2.5, 5 ve 10 g/kg)
hazirlanan karnabahar yapragi ekstrakti domuz
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koftelerine ilave edilmis ve depolama sirasinda
(49C, 9 giin) tim o6rneklerin karbonil igeriginde bir
artis olmasina ragmen 10 g/kg karnabahar
ekstrakti ilaveli koftedeki karbonil igerigindeki
digerlerine daha az oldugu

artisin gore

bildirilmistir.

Sonuglar

Et ve et Urlnlerinin raf 6mriinliin uzatilmasinda
katki
kullanilmaktadir. Bu maddeler Griinin tekstir,

cesitli ve koruyucu maddeler
(renk, koku, tat, aroma gibi),
kalite

ozelliklerinde iyilestirmeler saglamaktadir. Kizilcik,

renk, duyusal

mikrobiyolojik  6zellikler  gibi  birgok

antioksidan o6zelligi olduk¢a vyiksek olan ve
bir Sentetik
antioksidan maddelerin toksik karakterli bilesikler

polifenollerce zengin Urinddr.
oldugu ve insan saghg tizerinde olumsuz birtakim
degisikliklere yol actig bilinmektedir. Bu duruma
istinaden ilgili calismada, 200, 300 ve 500 ppm
konsantrasyonlarda hazirlanan kizilcik ekstraktlar
sigir koftelerinin Gretiminde kullanilmistir. Calisma
kapsaminda incelenen parametrelerin bitini ele
alindiginda, koftelere 500 ppm e kadar kizilcik
ekstrakti ilavesinin depolama boyunca pH ve renk
Uzerinde olumsuz bir etkiye neden olmadigi
ekstrakt

zenginlestirerek lipid ve protein oksidasyonuna

ilaveli 6rnekleri fenolik maddelerce
karsi korudugu tespit edilmistir. Dolayisiyla, ucuz

ve guvenilir bir Grliin olan kizilcik ekstraktinin et

endustrisinde kullanilan  sentetik antioksidan
maddelere alternatif olabilecegini gdstermesi
acisindan blyik 6nem arz etmistir.

Ekler

Calismanin gerceklestirilmesi asamasinda

Uretimde ve analizler calismalarinda verdikleri
destekten dolayr Pamukkale Universitesi Gida
Mihendisligi Bolim{ 6gretim Gyelerine tesekkiir
ederiz.

Cikar Gatismasi Makale
aralarinda herhangi bir ¢ikar ¢atismasi olmadigini

Beyani: yazarlari,
beyan ederler.

Yazar Katkisi: Orhan OZUNLU, calisma dretimi,
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calisma tasarimi, deneme deseninin olusturulmasi,
Uretim asamalarinin gergeklestirilmesi, veri analizi
ve makale yazim redaksiyonu; Seyma ELGIN,
calisma Uretimi ve analizlerin gerceklestirilmesi;
Haluk ERGEZER,
deseninin olusturulmasi, ¢alismanin yiritilmesi,

¢alisma tasarimi, deneme
verilerin degerlendirilmesi ve makale redaksiyonu

konularinda katki saglamistir.
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ABSTRACT

The most significant crop losses worldwide occur due to unfavorable temperatures
such as heat, drought, cold, and freezing. Bioregulator substances like salicylic acid can
play important roles in the growth, development, and stress responses of plants. In
this study, changes in stem/root length and relative water content of peas under cold
and freezing stress, as well as antioxidant system indicators such as proline,
malondialdehyde, hydrogen peroxide, chlorophyll and ion leakage levels were
investigated. The expressions of genes coding for the TOP2 and PDH47 enzymes, which
play important roles in the replication, transcription, and repair of DNA molecules,
were also examined in root and stem tissues in the presence of two different
concentrations of salicylic acid under cold and freezing stress. The results have shown
that the application of salicylic acid, when added to the growth medium, can have
positive effects on the cold resistance of pea plants. Salicylic acid likely achieves some
of its effects by increasing the activity of superoxide dismutase, one of the most
important enzymes taking a role in combating reactive oxygen species. The data
obtained indicate that salicylic acid also increased the expressions of TOP2 and PDH47
genes, which can both change the topology of DNA, possibly facilitating the
transcription of genes taking a role in antioxidative defense. Salicylic acid also reduced
the levels of reactive oxygen species hydrogen peroxide and maintained cell
membrane integrity, which leads to a decrease in ion leakage and an increase in water-
holding capacity. With this study, the mechanisms of action of salicylic acid in cold
stress tolerance have been further elucidated, and its potential use in agricultural
cultivation has been evaluated.

Key Words: Pisum sativum L., salicylic acid, cold stress, freezing stress
0z

Diinya ¢apinda en 6nemli {irlin kayiplari; sicak, kuraklik, soguk ve donma gibi olumsuz
hava sicakliklarindan kaynaklanmaktadir. Salisilik asit gibi biyodiizenleyici maddeler
bitkilerin bllylimesinde, gelismesinde ve stres tepkilerinde 6nemli roller oynayabilirler.
Bu calismada soguk ve donma stresi altinda bezelyelerin govde/kok uzunlugu ve bagil
su icerigindeki degisimler ile prolin, malondialdehit, hidrojen peroksit, klorofil ve iyon
sizintisi  seviyeleri gibi antioksidan sistem gostergeleri arastiriimistir. DNA
molekillerinin replikasyonu, transkripsiyonu ve onariminda énemli rol oynayan TOP2
ve PDH47 enzimlerini kodlayan genlerin ifadeleri de soguk ve donma stresi altinda, iki
farkli konsantrasyonda salisilik asit varliginda, kok ve govde dokularinda incelenmistir.
Sonuglar, blyliime ortamina eklendiginde salisilik asit uygulamasinin bezelye
bitkilerinin soguga karsi direnci Uzerinde olumlu etkileri olabilecegini gostermistir.
Salisilik asit muhtemelen bazi etkilerini reaktif oksijen tirleriyle miicadelede rol alan en
onemli enzimlerden biri olan siperoksit dismutazin aktivitesini arttirarak
saglamaktadir. Elde edilen veriler salisilik asidin ayni zamanda DNA topolojisini
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degistirebilen TOP2 ve PDH47 genlerinin ifadesini de arttirdigini ve muhtemelen antioksidatif savunmada rol alan genlerin
transkripsiyonunu kolaylastirdigini gostermektedir. Salisilik asit ayni zamanda reaktif oksijen tiirli olan hidrojen peroksit
duzeylerini azaltmis ve hiicre zari biatlnligini korumustur, bu da iyon sizintisinda azalmaya ve su tutma kapasitesinde artisa
yol agmistir. Bu calisma ile salisilik asidin soguk stresine toleranstaki etki mekanizmalari bir adim daha aydinlatilarak tarimsal

alanda kullanim potansiyeli degerlendirilmistir.

Anahtar Kelimeler: Pisum sativum L., salisilik asit, soguk stresi, donma stresi

Introduction

Among the causes of low crop vyield, biotic
factors such as diseases, insects, and weeds
contribute to some extent, however usually the
most significant losses occur due to unfavorable
temperatures such as heat, drought, cold, and
freezing (Mahajan & Tuteja, 2005). Cold and
freezing stresses share fundamental mechanisms
but involve different components. Cold stress
results in various adverse effects, including a
decrease in enzyme activities, membrane
stiffening, destabilization of protein complexes,
stabilization of RNA secondary structures,
accumulation of reactive oxygen species,
inhibition of photosynthesis, and cell membrane
leakage, which can lead to cell death in advanced
stages (Ruelland & Zachowski, 2010). Whereas
the primary cause of freezing stress is the
formation of ice within tissues. Freezing stress
manifests its major harmful effects through
damage caused by intense dehydration in cell and
organelle membranes. During freezing stress, key
genetic responses involve an increase in CBF gene
expression, initiating transcriptional regulation,
and mRNA degradation regulated by small RNAs
through pre-mRNA splicing, which helps in the
adaptation to low temperatures (Chinnusamy et
al., 2007; Sunkar et al., 2007).

Agricultural plants most affected by cold stress
are those planted in early spring or harvested in
late autumn (Ceyhan, 2006; Duke, 2012; Tekin &
Ceyhan, 2020). Pea (Pisum sativum L.) is one of
the plants sown in early spring. Pea is one of the
most cultivated legume crops globally after
beans, chickpeas and black-eyed peas (FAOSTAT,
2022). The plant is highly productive under
suitable weather conditions, and plays crucial
roles in sustainable agriculture worldwide
(Ozdemir, 2002). Peas are a cool-season crop,
exhibiting excellent growth in cool and moist
conditions, but their development slows down in
hot and dry weather. While it can withstand
temperatures near freezing, it can be damaged by
spring frosts (Alan, 1984; Ceyhan, 2006).

Biochemical and genetic responses of peas to
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cold and freezing stress have been explored in
limited studies. One of the earliest studies
suggested that the application of abscisic acid
(ABA) and conditioning at 2°C increased freezing
tolerance and induced the production of a 24 kDa
protein in peas (Welbaum et al., 1997). Another
study examined the effects of low and high
temperatures on peas, revealing that while
fluorescence was unaffected at 10 and 35 °C, it
caused reversible damage to the photosystem at
4 and 40 °C (Georgieva & Lichtenthaler, 1999).
Major carbon and phosphate compounds of peas
subjected to cold stress at 5-7 °C and high light
were also compared with two cold-resistant
alpine plants, Ranunculus glacialis and Soldanella
alpina (Streb et al., 2003). Peas showed significant
increases in  sucrose, glucose-6-phosphate,
fructose-6-phosphate, mannose-6-phosphate,
and phosphoglycerate levels, while the ATP/ADP
ratio decreased. Alpine plants exhibited changes
in ascorbate and glutathione levels, suggesting
their role in stress metabolism. Research has also
been conducted on pea seeds and epicotyl
mitochondria regarding cold tolerance, revealing
their ability to survive without damage at
temperatures ranging from -3.5 °C to 40 °C. This
resilience  was attributed to a lower
phosphatidylethanolamine/phosphatidylcholine
ratio, fewer unsaturated fatty acids, and
increased production of heat shock protein HSP22
and PsLEAm protein (Stupnikova et al., 2006).
Another study investigated the relationship
between cold stress and photosynthetic
mechanisms in peas selected for cold resistance
and tomatoes selected as cold-sensitive. The
superiority of peas in stress conditions was
explained by the different arrangements of
thylakoid complexes in chloroplasts (Garstka et
al., 2007).

Studies examining the relationship between
the pea genome and cold stress have focused on
the pea ABR17 gene, a member of the
pathogenesis-related gene family PR10. The
ABR17 gene was continuously expressed in
Arabidopsis and conferred freezing stress
tolerance, suggesting a potential role in plant-
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pathogen interactions (Srivastava et al., 2006).
The function of the gene has been suggested to
be an RNase enzyme. Other genes found to
function under cold stress in peas are the DNA-
regulating TOP2 and PDH47, whose expressions
were also investigated in this study. TOP2 is a
type 2 DNA topoisomerase enzyme, which plays a
roles in changing the topology of DNA and is
involved in processes such as replication,
transcription, recombination, and chromosome
segregation. In plants, topoisomerases represent
the least studied group of enzymes compared to
bacteria, yeast, and animal systems (Singh,
Sopory, & Reddy, 2004). Studies have shown that
TOP2 gene expression in peas can be increased by
cold and salt stresses, as well as by salicylic acid
and ABA treatments (Hettiarachchi et al., 2005).

Helicases, like topoisomerases, play important
roles in DNA metabolism. Most helicases belong
to the DEAD-box protein family and are involved
in essential cellular processes such as DNA
replication, repair, recombination, transcription,
ribosome biogenesis, and translation initiation
(Vashisht & Tuteja, 2006). The functions of
helicases under stress conditions are not fully
understood, but they are shown to regulate some
metabolic pathways activated by stress, interact
with topoisomerases, play regulatory roles in
transcription and translation after being
phosphorylated by protein kinases, and be
involved in the repair of damaged DNA/RNA
molecules (Vashisht & Tuteja, 2006). Compared to
organisms such as humans, flies, worms, and
yeast with determined genomic sequences,
Arabidopsis contains the largest number (more
than 50) of DEAD-box RNA helicase genes
(Aubourg et al., 1999; Boudet et al., 2001). The
first report suggesting the presence of cold-
regulated DEAD-box helicase genes in plants and
their involvement in stress signal transduction
was related to Arabidopsis (Seki et al., 2001). In
peas, a DEAD-box DNA helicase gene has been
characterized and identified as PDH47, showing
93% similarity to the tobacco translation initiation
factor elF4A protein. PDH47 demonstrated ATP-
/Mg2+-dependent DNA unwinding and DNA-
/Mg2+-dependent ATPase activity (Vashisht &
Tuteja, 2005). The expression of PDH47 in peas
was significantly increased in shoots and roots
under cold and salt stress but did not respond to
heat stress. ABA treatment increased the
expression only in roots but did not affect gene
expression in shoots.
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In recent years, various studies have
intensively investigated the responses of plants to
stress tolerance through the application of
various external bioregulatory substances.
Salicylic acid (SA), which is chemically close to
aspirin, has been studied since the early 1990s for
its role in regulating plant abiotic stress
responses. In plant cells, cinnamic acid formed at
the end of the shikimate metabolic pathway
branches into three different pathways to
produce rosmarinic acid, phenolics, and salicylic
acid. Salicylic acid has been found to regulate
cellular redox balance by modulating antioxidant
enzyme activities and activating an alternative
respiratory pathway. Additionally, it stimulates
the expression of an RNA-dependent RNA
polymerase gene involved in transcriptional post-
silencing, suggesting a role in post-transcriptional
gene silencing (Xie et al., 2001). Salicylic acid has
been shown to enhance tolerance to various
stresses, including heat, drought, salinity, UVB
radiation, and heavy metals, in a wide range of
plants through different metabolic pathways
(Chen et al., 2023). Studies have also been
conducted on the effects of external salicylic acid
applications under cold and freezing stress in
various plants. In these studies, it was determined
that salicylic acid is involved in cold signal
transduction using cGMP, phospholipids, Ca, ROS,
NO, and MAPK signaling pathways. Salicylic acid
generally plays a role in the enzymatic and non-
enzymatic defense systems through the activation
of transcription factors such as MYB, MYC,
ABREB/A, and DREB1/2, promoting the
accumulation of osmolytes, antifreeze proteins,
heat shock proteins, dehydrins, and PR proteins
(Saleem et al., 2021).

Studies investigating the effect of salicylic acid
on pea development have also shed light on its
working mechanism. For example, pea seeds
coated with acetylsalicylic acid and hydrolyzed
fish proteins achieved higher weight and height
values after germination (Andarwulan & Shetty,
1999). The study also suggested that salicylic acid
had stimulating effects on the antioxidant system,
as indicated by increased total phenolic content,
proline content, guaiacol peroxidase, and glucose-
6-phosphate dehydrogenase enzyme activities. In
another study, salicylic acid application to peas
increased cell wall lignification, phenolic
substances (mainly lignin) through pentose
phosphate and shikimate metabolic pathways,
and the production of NADPH2 and proline
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(McCue et al., 2000). In peas, (Singh, Mishra, et

al., 2004) demonstrated that salicylic acid
increased the expression of the chloroplast
translation elongation factor tufA gene,
suggesting its role in environmental stress
adaptation. Another study focused on the

regulation of the PIP2-PLC (phospholipase C)
enzyme, responsible to produce IP3 and DAG, two
second messengers involved in  signal
transduction. The activity of the enzyme was
found to be associated with acclimatization to
heat, ABA applications, and the concentration of
salicylic acid in the environment (Liu, Huang, et
al., 2006; Liu, Liu, et al., 2006).

It is well known that salicylic acid provides
stress resistance in plants under cold and freezing
stress. The relationship between salicylic acid and
the responses of pea tissues under various
stresses has begun to be elucidated with different
indicators, but the effect of salicylic acid
application under cold and freezing stress in peas
has been the subject of limited number of studies
within our knowledge. In this study, changes in
stem/root length and relative water content of
pea under cold and freezing stress, as well as
antioxidant system indicators such as proline,
malondialdehyde, hydrogen peroxide, and
chlorophyll levels, ion leakage, and the
expressions of genes coding for the TOP2 and
PDH47 enzymes, which play important roles in
the replication, transcription, and repair of DNA
molecules, were examined in root and stem
tissues in the presence of two different
concentrations of salicylic acid under cold and
freezing stress. Pea (Pisum sativum L.) is one of
the agricultural plants sown in early spring and
most affected by cold stress (Duke, 2012).
Extreme and unexpected weather conditions
have become very common in recent years
throughout the world due to climate change
(Zomer et al., 2017). Therefore in this study, the
mechanisms of action of salicylic acid in cold
stress tolerance have been further elucidated,
and its potential use for stress mitigation in
agricultural production has been evaluated.

Materials and Methods
In this study,

developed and registered by
Company was used.

the pea variety Emerald,
Istanbul Seed

Plant growth
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Pea seeds were sterilized with a 2% sodium
hypochlorite solution, then germinated in 200 ml
polypropylene containers containing sterile
perlite, with three seeds each, and irrigated with
% Hoagland solution (Hoagland & Arnon, 1950)
every three days. The seed development
continued for 15 days in a plant growth chamber
with a 16-hour light/8-hour dark cycle, at 23°C,
and 50% humidity until stress application.

Cold stress applications

Cold stress was applied by lowering the
temperature to 4°C after 15 days of seedling
development when the seedlings were at the
stage 4 of leaf development (fourth stipule
unfolded), and leaf samples for analysis were
always collected from the forth stipule on the 1st
and 4th days of cold stress (24 hours and 96 hours
after the initiation of cold stress). Freezing stress
was induced by lowering the temperature to -
0.5°C, and samples were collected during the
same periods as cold stress. Plants treated with
salicylic acid (at concentrations of 50 and 100 uM)
were germinated by irrigating with % Hoagland
solution containing salicylic acid of the specified
concentrations as soon as they were placed on
perlite. Cold and freezing stresses, as well as
sample collection periods, were applied as
described above. Control plants kept under
normal conditions spent an additional 1 and 4
days in the same environment after the 15-day
germination  period, ensuring that they
experienced the same duration as the stressed
plants in the culture environments.

Experiment was performed in randomized
complete block design with treatments
performed in triplicate, with each replicate
consisting of four polypropylene containers
containing three seeds each. This resulted in 12
pea seedlings prepared per treatment, and with
replicates, there were a total of 36 seedlings for
each treatment.

Determination of stem/root length and relative
water content

After completing 15 days of development,
plants subjected to stress with or without the
presence of salicylic acid, along with control
plants, were uprooted from perlite, washed under
tap water, and root and stem lengths were
determined. Root and stem tissues were
separated, weighed, and after drying at 60°C for
48 hours, weighed again to determine dry
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weights. Relative water content (RWC) was
calculated according to the formula RWC(%)
(Fresh weight - Dry weight) / (Turgid weight - Dry
weight) X 100, from Smart and Bingham (1974).
The turgid weight was calculated by soaking
tissues in distilled water at room temperature for
24 hours.

Determination of proline content

The determination of proline content started
with the homogenization of 0.3 g leaf samples
taken from the forth stipule in liquid nitrogen,
followed by dissolution in 1 ml of 3% sulfosalicylic
acid (Bates, et al., 1973). Then, 0.1 ml of the
sample, after centrifugation, was mixed with 0.2
ml acid ninhydrin, 0.2 ml of 96% acetic acid, and
0.1 ml of 3% sulfosalicylic acid. The mixtures were
held at 96°C for 1 hour, and after centrifugation
and mixing with 1 ml of toluene, the absorbance
of the upper phase was read at 520 nm.

Determination of hydrogen peroxide content

The amounts to be determined according to
Bergmeyer (2012) started with the liquid nitrogen
homogenization of 0.5 g leaf tissue and
dissolution in 1.5 ml of 100 mM potassium
phosphate buffer (pH 6.8). In the samples where
0.25 ml of supernatant was collected after
centrifugation, the enzymatic reaction was
initiated by mixing with 1.25 ml peroxidase
solution (83 mM potassium phosphate buffer, pH
7.0, 0.005% (w/v) o-dianisidine, 40 pg
peroxidase/ml) at 30°C. After 10 minutes, the
reaction was stopped by adding 0.25 ml of 1 N
perchloric acid, and the absorbance of the
supernatant was measured at 436 nm after
centrifugation.

Determination of malondialdehyde (MDA) content

The determination of MDA content for
assessing cell membrane damage followed the
Ohkawa et al. (1979) method. The
homogenization of 0.2 g leaf tissue in liquid
nitrogen was followed by adding 1 ml of 5%
trichloroacetic acid (TCA). After centrifugation,
the same volume of 20% TCA containing 0.5%
thiobarbituric acid (TBA) was added, and the
mixture was kept at 96°C for 25 minutes. The
samples were cooled on ice, and the absorbance
was read at 532 nm. Non-specific absorbance at
600 nm was determined and subtracted from the
initial absorbance value.
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lon leakage

lon leakage, determined according to the
method of Nanjo et al. (1999), involved shaking
six leaves in 15 ml tubes containing 5 ml of 0.4 M
mannitol. Electrical conductivity was recorded as
C1 using a Mettler Toledo MPC 227 conductivity
meter. After boiling in water for 15 minutes and
cooling the samples to room temperature, C2
readings were taken, and the leakage-related
conductivity was calculated using the formula
[(C1/C2) X 100].

Determination of chlorophyll content
Chlorophyll amounts were determined using
the method of Lichtenthaler and Wellburn (1983).
This involved the liquid nitrogen homogenization
of 3 g leaf tissue, centrifugation, and
determination of the supernatant at different
absorbance values. Chlorophyll a (mg/L) and
chlorophyll b (mg/L) were calculated using the
following formulas:
Chlorophyll a (mg/L) = 15.65 Abs666 — 7.340
Abs653
Chlorophyll b (mg/L) = 27.05 Abs653 — 11.21
Abs666

Determination of superoxide dismutase (SOD)
enzyme activities

Enzyme activities were determined according
to the method of Beauchamp and Fridovich
(1971). The homogenization of 0.2 g leaf samples
in a glass-glass homogenizer mixed with
homogenization buffer on ice was followed by
centrifugation, and the supernatant was stored at
-80°C until use. The protein content of the
extracts was determined by the Bradford (1976)
method. A native polyacrylamide gel consisting of
a separation part and stacking part with a 30%
(29:1) acrylamide-bis solution was prepared for
use in a Bio-Rad midi gel apparatus. After loading
the samples, electrophoresis was conducted at 8
V/cm, monitoring the tracking dye. Subsequently,
the gel apparatus was disassembled, and for the
determination of different isozymes of the SOD
enzyme, first KCN and hydrogen peroxide were
applied, and then negative activity staining with
NBT was performed to visualize the enzyme
isozyme bands.

Determination of gene expressions for TOP2 and
PDH47 genes

The mRNA sequences of the TOP2 and PDH47
genes with GenBank accession numbers Y14559.1



Celikkol Ak¢ay et al., 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(2):321-334

and AY167670.1 were obtained from the National
Center for Biotechnology Information (NCBI)
database. The expression at the transcription
level of these genes was investigated using the
semi-quantitative reverse-transcription PCR (RT-
PCR) technique. The pea actin gene with the
GenBank accession number X68649.1 was used as
an internal control.

RNA isolation and reverse transcription PCR (RT-
PCR)

RNA isolation from pea leaves was performed
using Qiagen RNeasy plant mini kits based on
guanidine-isothiocyanate lysis and  silica-
membrane purification methods. The quantity of
the obtained total RNAs was determined
spectrophotometrically, and their quality was
assessed by separating and visualizing them with
2% agarose gel electrophoresis. cDNA libraries
were created using the Thermo First Strand cDNA
Synthesis Kit (Thermo, USA) from the obtained
RNA molecules. From this library, the TOP2 and
PDH47 genes with NCBI accession numbers
Y14559.1 and AY167670.1 were amplified by PCR
using primers designed with the PrimerPremier
5.0 program from CA, USA, providing the most
suitable conditions for amplification. The
obtained bands were separated on a 0.8%
agarose gel and visualized using the Biolab UV
Tech gel imaging system. The bands were
analyzed numerically using the Imagel software
developed by the National Institute of Health
(NIH, USA) to determine differences in gene
expression levels.

Statistical analyses

The data obtained in the study were evaluated
using the SPSS 16.0 program. Differences
between applications were determined by
comparing means with the One Way Anova and
Tukey Test.

Results and Discussion

Under cold and freezing stress conditions, the
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dry weights of pea roots and stems remained
unchanged under any application of salicylic acid
(data not shown). Different temperature
treatments did not have a significant effect on
tissue lengths on the 1st stress day, only causing
the stems under cold and freezing stress to be
shorter on the 4th day compared to those
developed under normal conditions (Table 1).
Root lengths increased under cold stress only in
the presence of 100uM salicylic acid, similar to
the findings of Golovatskaya et al. (2023), which
demonstrated the improvement of morphological
features in potato plants under cold stress with
salicylic acid application and attributed it to the
stimulation of the enzymatic/non-enzymatic
defense system by salicylic acid.

Chilling and freezing stress for the duration of
one day did not change the relative water
contents of leaves, whereas freezing stress for 4
days decreased relative water contents, and the
application of SA in both concentrations
significantly increased RWC (Table 1). Total
chlorophyll contents were not affected by SA
application and cold stress, whereas freezing
stress decreased chlorophyll content by up to
55% compared to normal growth conditions
(Table 1). Chilling and freezing stress increased
proline levels in both tissues in the range of 1 to
2.5-fold. Proline levels showed significant
decreases upon SA application (Table 1). SA
decreased proline levels even in control shoots
grown under normal conditions. Nearly 3-fold and
2-fold decreases were observed in shoots upon
SA treatment under 1 and 4 days of chilling stress,
respectively. Nearly 2-fold and 1.5-fold decreases
were observed in roots upon SA treatment under
1 and 4 days of chilling stress, respectively.
Significant decreases in proline levels were also
observed in shoot tissues on the 4th day of
freezing stress upon SA treatment. In this study,
proline content of pea plants decreased with cold
stress, whereas in previous studies, it was
reported that the proline content of pea plants
increased with cold stress and other stresses
(Gokmen & Ceyhan, 2015; Tekin & Ceyhan, 2020).
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Table 1. Plant morphological responses, leaf relative water content (RWC), proline and total chlorophyll levels.

Shoot Root Length RWC Total Proline
Treatments Length (cm) (cm) (%) Chlorophyll (nmol/g DW)
(ng/g DW)
1%t Day of Stress
Shoot Root
Cc* 5,74 +0,22, 8,36 £ 0,44, 99 +0,7,p 24,22+2,89,, 188,66+13,21, 73,206,714
SA50 6,22 +0,19;, 9,32+ 0,59, 100+ 0,8, 22,36 +1,80, 141,24+12,94, 74,91+£7,19,p
SA100 6,19+ 0,37, 9,14+0,58,,c 100+0,6,  23,87+1,32,, 136,86+12,38, 70,62 +7,08,
C sta** 521+0,24,c  8,69%0,58,5c 99%+1,1,, 30,18+3,12, 463,40+16,214 102,31+ 9,89
SA50 st4 5,97 +0,42,y 9,36 + 0,49, 98 +£1,5,p 27,74 +3,54,, 168,21+14,37,, 47,60+6,61,
SA100 st4 6,44 + 0,33 10,14 + 0,51, 100+ 0,6y 27,92+2,85,, 149,48+13,71,, 57,47 +5,94,
C st- 4,40 + 0,25, 8,92+0,48,c 99%0,7,,  16,05+1,19.¢ 208,59+14,33. 149,14+ 13,154
SAS50 st- 4,41 0,34, 7,77 £ 0,38, 100+0,8,  15,75+1,28¢ 176,3+13,72.5. 117,01+12,87
SA100 st- 4,67 +0,37. 8,61+0,49,, 97%0,8, 16,020,154 165,72+13,35,, 117,27 +12,93,
4t Day of Stress
C 7,3510,46, 9,72 £0,23, 95+1,2, 31,15+ 3,21, 145,53 + 12,99, 73,54 £9,29, ¢
SA50 7,52+0,31, 9,52 +£0,33, 98 +1,5,p 28,92 £ 3,48, 113,06 + 12,85, 56,01 £ 7,96,
SA100 8,09+0,42, 11,51+ 0,34y 100 £ 0,8y 31,29 £ 3,09, 134,71 + 13,28, 64,95 + 7,87,
Cstd 5,32+0,27, 7,61 +0,34, 100 £ 0,5p 30,63 £ 3,39, 418,30 £17,32; 106,96 + 11,69¢
SA50 st4 5,52 +0,38 8,40 £0,45.4 100 £ 0,8y 30,09 * 3,56, 190,98 + 13,94, 73,54 £ 8,23, ¢
SA100 st4 5,43 £ 0,26y 8,12+0,33.4 97 +1,3,p 32,36 £4,03, 224,49 +13,87.,4 66,50+ 3,77,
C st- 4,88 + 0,44, 9,28 £0,51, 66 +1,8. 17,03 £ 0,94y 274,23 + 14,47, 99,48 * 8,344
SA50 st- 4,94 + 0,37y 9,15+0,48,4 76 2,34 17,83 + 1,37, 212,37 +13,16¢4 89,95+ 7,784
SA100 st- 4,59 + 0,34y 8,63+0,373.4 772,14 18,01 +1,67, 243,81 +13,664. 93,308,914

*C, SA50 and SA100 represent plants irrigated with Hoagland solution containing OuM, 50uM and 100uM salicylic acid in
nutrient media, respectively. ** The abbreviations next to the treatments; st4 represents cold stress applied at 4°C, and st-

represents freezing stress applied at -0.5°C.

The letters at the bottom right of the results indicate statistically significant differences (p<0.05) compared to control plants

grown at room temperature. 1%t and 4" days of stress should be examined separately.

lon leakage levels increased with the intensity
of stress on non-SA treated control plants except
freezing-stressed roots on the 4th day, which had
similar values to cold-stressed roots on the 4th
day (Table 2). The levels in both tissues under
chilling and freezing stress for 1- and 4-day

significant.
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durations were always lower with SA application,
with cold-stressed shoots on the 1st day, shoots
and roots under normal conditions, and shoots
under freezing stress on the 4th day being
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Table 2. Cell membrane integrity parameters ion leakage and malondialdehyde (MDA) levels and the level of reactive oxygen

species hydrogen peroxide (H202).

Treatments lon Leakage MDA H20:
(%) (nmol/g DW) (nmol/g DW)
1%t Day of Stress
Shoot Root Shoot Root Shoot Root
c* 0,012 +
1734194500 1688140, 001940001, /o7 0,079 +0,006, 0,125+ 0,013,
] a,b,c
SAS0 0,013 + 0,102 +
+ + + +
14,87 + 1,39, 14524137, 0018£000L, oo 0017, 0,184 + 0,017,
SA100 0,012 + 0,112+
+ + + +
15,01 + 0,76, 15044088,  0,019000%, /00" 0015.: 0,202 +0,012,.c
C sta4** 0,014 + 0,129 +
+ + + +
19,58 + 1,264 31363305 0020£0002 (0" 0014, 0,199 + 0,014y,c
+
SAS0 st4 1546 +1,28,pc  26,52+321, 0,020+0,002, 0,010+ 0,001, g’éig * 0,176 + 0,016,
/] b,c
+
SA100st4  451741,33,, 24,81+2,97, 0,020 +0,003, 8'8(1)1 * 0,097 0,005, 0,100 + 0,013,
’ a,b
. 151+
Cst 21,16 + 1,97 40,07+2,96; 0,018+0,001, 0,018 * 0,002 8’ ois 0,206 + 0,011,c
/] b,c
SAS0 st- 0,017 + 0,015 +
+ + + +
17,334 1860cs 36361372 (000" 0.00L.. 0,082 0,007, 0,234 + 0,010,
SA100 st- 0,015 + 0,125 +
19,44 + 1,54 7,92 + 12 40,002 197 +0,017
944%154yc  37924308¢ 001280002 (0" 0016,, 0,197 + 0,017s,c
4t Day of Stress
Shoot Root Shoot Root Shoot Root
C 0,018 + 0,091 +
+ + + +
20,12 + 1,79, 20201865 (/0" 0010000, 'o0s" 0,158 + 0,020, 5
+
SA50 12,74 + 0,89 18,39+1,32, 0,017+0,001, 0,010 0,00, g'ggg * 0,164 + 0,032, 5
/] a,b
SA100 12,96 + 1,27, 1835+1,27, 0,016+0,00,c 0,010+0,001, 0,052+0,001, 0,189+ 0,031,
+
Cst4 23,45 +2,22, 37,33+2,73.  0,021+0,001, 0,018+0,001, 0,182 * 0,016 g'égi *
/) b,c,d
.
SAS0st4 22,29 +2,16, 351442734 0,016+0,00,c 0,014 + 0,001 g'égg * 0,197 + 0,0250,c
/) cd
+
SAL00st4 »; 491190, 34,742,004 0,020%0,001, 0,016+ 0,004 g’égz ) 0,100 +0,019,
/] c,d
- +
Cst 25,66 + 3,21, 34,07+3,79. 0,014+0,00.s 0,012 % 0,001 g'égg * 0,279 + 0,0314
» b,d
SAS0 st- 0,014 + 0,104 +
+ + + +
13,55 + 1,45, 2828+33%e (/0" 00110005 (g00" 0,272 40,0274
] " 103 +
SA100 st 23,59+ 234, 30,68 00130001 0,010+000, 03 0,265 £ 0,029«
1,89b,c,d 01019b,d

*C, SA50 and SA100 represent plants irrigated with Hoagland solution containing 0 M, 50puM and 100pM salicylic acid in
nutrient media, respectively. ** The abbreviations next to the treatments; st4 represents cold stress applied at 4°C, and st-

represents freezing stress applied at -0.5°C.

The letters at the bottom right of the results indicate statistically significant differences (p<0.05) compared to control plants
grown at room temperature. 1%t and 4" days of stress should be examined separately.

Shoot MDA levels were not significantly
affected by neither stress nor SA application, with
reductions in 100 uM SA treated shoots under the
1st day of freezing stress and 50 uM treated
shoots under the 4th day of chilling stress being
exceptions (Table 2). Root tissues were more
responsive to chilling and freezing stresses in
terms of MDA levels. Levels increased for both
stresses under both durations. SA applications in
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the 50 uM concentration reduced MDA levels
significantly under chilling stress conditions. Both
chilling and freezing stress increased H;0; levels
in both tissues in both durations (Table 2). Under
normal conditions, SA applications increased
tissue H,0; levels, except for shoot tissue on the
4th day, in which the level was not changed with
50 uM SA application and decreased significantly
upon 100 uM SA application. However, the H,0;
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levels decreased upon SA application in both
tissues under both chilling and freezing stresses.
Magnitudes of significant decreases changed in
the range of 1.1 to 2.1-fold, under 1 day long
freezing stress and 4 days long chilling stress
applied root tissue, respectively.

Comparative analysis of all antioxidative stress
indicators revealed that salicylic acid played a
crucial role in combating stress by preserving cell
membrane integrity, reducing ion leakage, and
increasing  water-holding  capacity.  Similar
observations in terms of ion leakage, MDA and
relative water content levels were also made by
Mutlu et al. (2016), Wang et al. (2020), and
Golovatskaya et al. (2023) in barley, wheat, and
potato plants, respectively. In pea tissues under
stress, especially under cold stress, proline levels
significantly  increased. However, it was
determined that salicylic acid did not contribute
to the role of osmo protectant proline in the
stress response system. Nevertheless, Wang et al.
(2022) showed that salicylic acid application
increased proline accumulation under freezing
stress in winter wheat seeds, indicating that
salicylic acid's effects may vary in different plant
species.

SOD enzyme activity was detected in both pea
tissues in the form of several or one of the Mn
SOD1, CuZn SOD1, and CuZn SOD2 isozymes as
determined by KCN/H,0O, treatment (data not
shown). Shoots exhibited more intense activity
when compared to roots under any treatment.
Total SOD activity in shoot tissues was comprised
of the activities of all three isozymes. In root
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tissues, activities of Mn SOD1 and CuZn SOD1
were undetectable under normal conditions and
cold stress, whereas CuZn SOD2 was the only
isozyme active under freezing stress (data not
shown). In shoot tissue, cold stress increased SOD
activity on the 1st day of stress for all treatments
and only in non-SA treated seedlings on the 4th
day of stress (Figure 1). SA application with one-
day duration increased SOD activity in a
concentration-dependent manner in shoot tissue
under normal conditions and only upon 100 uM
SA application on the 4th day. Significant
decreases in shoot SOD activities were observed
under the 4th day of cold stress upon SA
treatments. In root tissue, increasing stress
intensities increased SOD activity in an SA
application-independent manner (Figure 1).
Unlike root tissue, freezing stress always caused
reductions in shoot SOD activity. In summary,
SOD enzyme activity showed significant increases,
especially on the 1st day of cold stress, compared
to plants under normal conditions, but activities
decreased with prolonged stress or intensified
freezing stress. However, SOD enzyme activities
showed a significant increase in the presence of
salicylic acid at different isoenzyme levels.
Similarly, Tekin & Ceyhan (2020) reported that an
increase in SOD activity was observed in pea
plants exposed to cold stress. Salicylic acid has
also been shown to increase SOD enzyme activity
in alfalfa, cucumber, barley, and potato plants
under cold stress (Golovatskaya et al., 2023;
Ignatenko et al.,, 2021; Mutlu et al., 2016; Wang
et al., 2023).
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Figure 1. Superoxide dismutase (SOD) enzyme activities in shoots at day 1 (A), in roots at day 1 (B), in shoots at
day 4 (C), in roots at day 4 (D) RT, Chilling and Freezing represent room temperature, cold stress
applied at 4°C, and freezing stress applied at -0.5°C, respectively. Columns show the total activity of
MnSOD1, CuZnSOD1 and CuZnSOD?2 isoenzymes. *Indicates significant differences (p<0.05) compared
to the respective control.

Shoot PDH47 expressions increased with the normal growth conditions up to 10-fold and under
intensity of stress on day 1 of stress application cold and freezing stress applications in a range of
without SA treatment (Figure 2). SA treatments 1.2 to 4-fold.
significantly increased PDH47 expressions under
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Figure 2. PDH47 and TOP2 gene expressions respective to internal control actin gene. PDH47 expression on day
1 shoot (A), day 1 root (B), day 4 shoot (C), and day 4 root (D). TOP2 expression on day 1 shoot (E), day
1 root (F), day 4 shoot (G) and day 4 root (H). RT, Chilling and Freezing represent room temperature,
cold stress applied at 4°C, and freezing stress applied at -0.5°C, respectively. *Indicates significant
differences (p<0.05) compared to the respective control.

Unlike non-SA treated controls, PDH47 activity
decreased with the intensity of stress application
under SA treatments. The lowest expression was
observed under normal conditions on non-SA
treated seedlings and the highest expression was
on 100 puM SA-treated explants under normal
conditions. SA-dependent expression patterns for
shoots were similar on day 4 in normal and stress
conditions, being higher under SA treatments
compared to non-SA treated seedlings. However,
unlike a steady decline in the intensity of stress as
on day 1, all treatment groups showed higher
expressions under chilling stress compared to

room temperature and freezing stress on day 4.
Root tissue also exhibited strong PDH47
expression under normal and stress conditions,
while the expression was mostly unaffected from
SA treatments (Figure 2). SA application
significantly increased the expression only under
1 day freezing stressed roots and under 4 days
chilling stressed roots compared to non-SA
treated controls, while the application
significantly decreased the expression levels
under normal conditions compared to non-SA
treated control on the 4th day. The levels of
PDH47 expression were lowest under freezing
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stress for each treatment compared to
expressions under normal conditions and cold
stress.

Shoot TOP2 expression was absent under
every condition and application tested and
appeared only under 1-day long cold stress
treatment at the same intensity independent
from SA application (Figure 2). Unlike shoot
tissue, TOP2 activity was present in root tissue
under every treatment for both durations. SA
application in both concentrations usually
increased TOP2 expression under normal and
stress conditions, except for 4 days of freezing
stress. Freezing stress did not affect TOP2
expression level in non-SA treated seedlings
under 1-day treatment; however, it decreased the
expression under 4-days treatment compared to
control plants under normal conditions. In SA
treated plants, TOP2 expression decreased
gradually with increasing intensity of stress.

Investigations into the expression of TOPZ2,
PDH47, and actin genes under cold and freezing
stresses with salicylic acid applications revealed
that all three genes were induced by stress and
responded to the presence of salicylic acid in the
environment. Hettiarachchi et al. (2005)
demonstrated that TOP2 gene expression
increased under cold and salt stresses, as well as
with applications of salicylic acid and ABA from
phytohormones. The reason for the increase in
TOP2 gene expression under stress when DNA
replication and cellular activities decrease has not
been fully explained, but it has been suggested
that it may be related to chromatin modeling and
the need for DNA to adopt appropriate topology
for the expression of stress-regulated genes.
Significant increases were observed in the
expression of the PDH47 gene in stem and root
tissues under salinity and cold stress in peas
(Vashisht et al., 2005). When the PDH47 gene was
transferred to indica rice, the plant acquired
resistance features under drought stress,
demonstrating this by increasing relative water
content with proline and reducing internal
hydrogen peroxide levels (Singha et al., 2020;
Singha et al., 2017). The data obtained in this
study suggest that the expressions of these genes,
which are believed to function in ribosome
biogenesis, transcription, translation, and repair
of damaged DNA/RNA molecules and potentially
play an active role in stress tolerance, can be
increased with salicylic acid. These increases
might have positive effects observed on the
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antioxidative defense system.
Conclusions

This study has shown that the application of
salicylic acid, when added to the growth medium,
can have positive effects on the cold resistance of
pea plants. Salicylic acid likely achieves some of
its effects by increasing the activity of superoxide
dismutase, one of the most important enzymes
taking a role in combating reactive oxygen
species. The data obtained indicates that salicylic
acid increased the expressions of TOP2 and
PDH47 genes, which can both change the
structure of the DNA molecule. By altering the
topology of DNA, they likely facilitate the
transcription of genes encoding defense enzymes
under both cold and freezing stress. Salicylic acid
probably activates other enzymatic antioxidative
system members such as CAT and POD, reducing
the levels of reactive oxygen species such as
hydrogen peroxide, which was also examined in
this study. In this way, salicylic acid maintains cell
membrane integrity, leading to a decrease in ion
leakage and an increase in water-holding
capacity. In summary, salicylic acid has been
shown to induce various changes in pea
metabolism, some of which were examined in this
study, and these changes have been determined
to have positive effects on the plant's cold (4°C)
and freezing stress (-0.5°C) response systems at a
level that can be utilized in agricultural
cultivation.
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Bu calisma farkli donem ve dozlarda naftalin asetik asit (NAA) uygulamalarinin
pamugun (Gossypium hirsutum L.) verim ve bazi tarimsal oOzelliklerine etkisini
belirlemek amaciyla planlanmistir. Deneme Sanliurfa ili Harran Ovasi kosullarinda 2017
ve 2018 vyillari yetistirme sezonlarinda tesadif bloklari deneme deseninde (g
tekrarlamali olarak kurulmustur. NAA uygulamalari kontrol, taraklanma baslangici +
ciceklenme baslangici (T.B.+C.B.) dénemlerinde (15+15 g da?, 30+30 g da?, 45+45 g da
1), taraklanma baslangici + ciceklenme dorugu (T.B.+C.D.) dénemlerinde (15+15 g da’?,
30+30 g da?, 45+45 g da') ve ciceklenme baslangici + ciceklenme dorugu (C.B.+C.D.)
dénemlerinde (15+15 g da, 30+30 g da’, 45+45 g da?) olacak sekilde uygulamalar
yapimistir.

Calismada; En yiksek katli pamuk verimi, meyve dali sayisi, koza sayisi, koza kitli
pamuk agirhgiC.B.30+C.D.30 uygulamasindan, en yiiksek erkencilik orani
C.B.45+C.D.45 uygulamasindan ve en yiksek bitki boyu C.B.15+C.D.15 uygulamasindan
elde edilmistir. Farkli donemlerde boliinmis dozlar seklinde NAA uygulamalarinin 100
tohum agirligi ve odun dali sayisina herhangi bir etkisi olmamistir. Cirgir randimani ve
lif indeksi 6zelliklerinde NAA uygulamalarinin etkisinin olmadigi sonucuna ulasiimistir.
Bu calismada; kiitli pamuk verimlerii435.43 kg da® ile 762.01 kg da! arasinda
degismistir. Harran Ovasi kosullarinda kiitlii pamuk icin C.B.30+C.D.30iuygulamasi
tercih edilmelidir.

Anahtar Kelimeler: Pamuk, naftalin asetik asit, farkli dénem, doz, verim
ABSTRACT

This study was conductedito determine the effect of naphthalene acetici acid
application (NAA) on the yield and some agricultural properties of cotton. The
experiment was established under the Harran Plain conditions of Sanliurfa province in
2017 and 2018 growing seasons as randomized completelblock design with
threeireplications. NAA applications were performed as follow, the control, at the
beginning of squaring + the beginning of flowering (B.S.+B.F.) periods (150+150 g ha?,
300+300 g ha?, 450+450 g ha?), at the beginningiof squaring + the peak of flowering
(B.S.+P.F.) (150+150 g ha?, 300+300 g ha, 450+450 g ha?), and at the beginnig of
flowering + the peak of flowering (B.F.+P.F.) periods (150+150 g ha™, 300+300 g ha™,
450+450 g hal).

As a result of the study;ithe highest number of sympodial branches,inumber of bolls,
boll seed cotton weightiand seed cotton yield were obtained from B.F.300 +P.F.300 g
ha™ application, the highest earliness ratio was obtained from B.F.450+P.F.450 g ha™*
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application and the highest plant height was obtained from B.F.150+P.F.150 g ha application. NAA applications in divided
doses at different periods were’nt have effect on the 100 seed weight and number of monopodial branches. The effect of
NAA applications on iginning outturn and fiber index properties was not seen. In this study, the seed cotton yield varied
between 4354.3 kg ha and 7620.1 kg ha. In Harran Plain conditions, B.F.300 +P.F.300 g ha! application can be would

rather for seed cotton yield.

Key Words: Cotton, naphthalene acetic acid, different periods, dose, yield

Giris
Genetik iyilestirmeler Urinlerdeki verim
potansiyelini  arttirmada  blydk gelismeler

saglamis olsa da cevresel faktorlerden, glibre
uygulamalarindan ve c¢esitli biyotik ve abiyotik
streslerden etkilenen fiili Gretimdeki verim farki,
verim stabilitesini blylk olglide etkilemektedir
(Ren ve ark., 2023). Bu nedenle, bitkilerin bliyime
performansini artiracak ve abiyotik streslerin ve
uygun olmayan vyetistirme kosullarinin verim
stabilitesi Uzerindeki olumsuz etkilerini azaltacak
yaklasimlara ihtiya¢ duyulmaktadir. Bitki blylime
diizenleyicilerinin ~ yogun olarak  kullanildigi
bitkilerden bir tanesi de pamuktur (Liu ve ark.,

2022).
Surekli biylime Ozelligi gosteren pamuk,
odunsu ve cali yapih ¢ok wyilhk bir bitkidir.

Dinyadaki bazi tropikal alanlarin kuru alanlarinda
zaman igerisinde gelisim saglamistir. Yapilan islah
ve adaptasyon calismalariyla yari kurak ve sulanan
yerlerde cok fazla yetistirilmektedir. Ancak, bu
adaptasyon degisimine ragmen, halen tropikal
kokenli ozelliklerin bir¢ogunu sergilemeye devam
etmektedir. Pamuk bitkisi, yiiksek 1sik yogunlugu
ve sicak iklim kosullarinda gelisimini en iyi sekilde
devam ettirmekte, bir dizeye kadar kurakliga
toleransli olmakta ve yetistirme doneminin geg
zamanina kadar ve iklim sartlarinin uygunluguna
gore bu gelisimini devam ettirmektedir.

Pamuk bitkisi yetistiricilik kosullarina ve cevre
degisikliklerine karsi ¢ok duyarhdir. Strese veya
stres eksikligine yanit olarak vejetatif ve generatif
blylimesindeki degisim tahmin edilebilir. Bununla
birlikte, pamuk bitkisinin meyve kaybini telafi
etme veya stresten kurtulma yetenegi sasirtici
olabilir. Pamuk dUreticileri verimli pamuk UGretimi
icin generatif ve vejetatif blylme arasindaki

dengeyi yonetmek amaciyla bitki gelisim
dizenleyicileri  (BGD) ve diger  kilturel
uygulamalari kullanmaktadir.

Bitki blyime dizenleyicilerin  kullanimi,

bitkilerde fizyolojik veya morfolojik sirecleri
tesvik eden, engelleyen veya baska sekillerde
degistiren genis bir bilesigi kapsar. Bazi BGD'ler
bitki hormonlari  veya onlarin benzerleri
olabilirken, digerleri sadece metabolik
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dizenleyicilerdir. Bu urinler, bitkilerin buyime ve
gelisimini  degistiren organik bilesikler olarak
siniflandirilir. Bitki tarafindan dogal olarak Uretilen
bitki hormonlarinin  aksine, BGD'ler bitki
tarafindan dogal olarak uretilmekte veya suni
olarak Uuretilen kimyasal bilesikler olarak kabul
edilmektedir. Duisik konsantrasyonlarda bile
biyolojik olarak aktiftirler ve bitki hormonlarinda
gozlemlenenlere benzer tepkiler ortaya cikarirlar.
Bitki bluylime ve gelisme siireglerinin ¢cogu dogal
bitki hormonlari tarafindan diizenlendiginden, bu
surecler ya bitki hormon seviyesini degistirerek ya
da bitkinin dogal hormonlarina tepki verme
kapasitesini degistirerek maniptle edilebilir. Tim
BGD'ler, blylimeyi kontrol etmek ve verimliligi
artirmak amaciyla pamuk blyimesini ve
gelisimini degistirmek icin Ureticinin
cephaneligindeki  yonetim  araglari  olarak
dustintlmelidir (Jost ve ark., 2006).

Bitki gelisim dizenleyicileri Ureticiler
tarafindan yuksek verim igin verim artirici olarak
kullanilabilmektedir. Bunlarin kimyasal igerikleri
ve kullanim hususlarina goére farkh tepkiler
gostermektedir. Bliyime diizenleyicilerinin
uygulanmasi, tarla Grlinlerinin blyime ve verimi
Uzerinde iyi bir yoOnetim etkisine sahiptir.
Hormonlar, bitkilerde fizyolojik siirecleri diizenler
ve sentetik blylme dizenleyicileri tarla
Urlinlerinin buylme ve gelisimini artirarak toplam
kuru katlesini artirabilir.  NAA bitkilerde kok
sisteminin uclarinin gelisimini tesvik ederek daha
fazla, diiz ve kalin koklerin olusmasinda onemli
etkiler ortaya cikarir. NAA, meyve olusturma
oranini  artirabilmekte, meyve dokiilmesini
Onleyebilmekte ve cicek cinsiyet oranini tesvik
edebilir (Raoofi ve ark., 2014).

NAA (1-Naftalinasetik asit) sentetik oksinlerin
en onemlisidir. Oksinler dort gruba ayrilmaktadir.
En onemlileri Naftelen, Indol, Benzol ve Fenoksi
grubudur. Naftalin glinimuizde cesitli
formilasyonlari potasyum, amonyum ve sodyum
tuzlari seklinde veya etil ester biciminde
satilmaktadir. Kristal bir vyapiya sahip olup
renksizdir (Coklu, 2018).

NAA hormonu pamuk bitkisinde erken cicek ve
meyve  dokilmelerini  (silkkme)  o6nlemekte,
ciceklenmeyi tesvik etmekte, tarak ve koza



Haliloglu & Coklu, 2024. Harran Tarim ve Gida Bilimleri Dergisi, 28(2):335-344

dokiiminl azaltmakta, tohum iriligi, koza agirlig
ve verimde onemli miktarda erkencilik ve artis
saglamaktadir. Hormonal olarak diizenlenen
dokilme hizi, inhibitérlerinin  uygulanmasiyla
yavaslatilabilir. Ornegin, ABA'nin tesvik ettigi
meyve yapilarinin dokilmesi, ABA'nin tesvik edici
etkilerine karsi koyan NAA (naftalin asetik asit) ile
kontrol edilebilir (Tarik et al., 2017). Harran
ovasinda oOzellikle temmuz ve agustos aylarinin
asiri sicak olmasindan dolayi zaman zaman
bitkilerin su stresine girmeleri ve zararli
populasyonunda son zamanlarda gozlemlenen
artis dolayist ile silkme oraninda artislar
olabilmektedir.

Bu calisma farkli doénem ve dozlarda NAA
uygulamalarinin pamuk bitkisinde verim ve bazi
tarimsal ozelliklerine etkisini saptamak igin
yapilmistir.

Materyal ve Metot

Bu calisma 2017 ve 2018 vyillart pamuk
yetistiricilik sezonlarinda Harran Ovasi sartlarinda
ylrGtilmustir. Calismada, bitkisel materyal
olarak Candia pamuk c¢esidi ve bitki gelisim
dizenleyicisi olarak ise ticari ismi BIOFORTUNE
[%1.18 2-(1-Napthyl) acetamide (NAD) %0.43 2-
(1-Napthyl) acetic acid (NAA)] olan {rilin
kullaniimigtir (Anonim, 2017b).

Deneme yeri toprak ézellikleri

Deneme alanindaki toprak derin profilli olup
ana materyali killi-tinh, tim profilde kireg,
potasyum ve fosfor orani vyiksek, organik
maddece fakir, ancak hafif alkali yapidadir
(Anonim, 2017a).

Calisma alanina ait toprak numunelerinin
kimyasal ve fiziksel 6zellikleri su sekildedir.

Cizelge 1.1Deneme alanina ait toprak numunelerinin kimyasal ve fiziksel 6zellikleri

Table 1. Chemical and physical properties of the trial soils

Derinlik (cm) | Organik Madde (%) | pH [Toplam Tuz (%)| Kirec (%) P20s K20
Deepth (cm) | Organic matter (%) Total salt Lime (%) | (kgda?) | (kgda?)
2017 0-20 0.5282 7.69 0.027 17.9 59.54 247.04
2018 0-20 0.6324 7.73 0.019 18.8 52.31 158.53
Kaynak: Anonim, 2017a, 2018
Cizelge 1 incelendiginde, deneme alani  yilinda (2018), 14.1°C - 33.0°C arasinda;
topraginin kil binyeli ve kireg iceriginin ylksek ve maksimum sicaklik degerleri birinci yilda (2017),
pH’In hafif bazik ozellikte oldugu 22.8°C - 41.3°C arasinda; ikinci yilda (2017),

gorulebilmektedir.

iklim 6zellikleri

Harran Ovasi Akdeniz ikliminin etkisinde olup,
Karasal iklim hakimdir. Kislari soguk ve yagish,
yazlari ise fazla sicak ve kurak gecmektedir. Yillik
yagis miktari 365 mm, yillik buharlasma ise 1.848
mm olup ortalama yillik sicaklik 17.2 °C'dir.

Cizelge 2.'den, yetistirme donemleri boyunca
(Nisan-Kasim Aylari) ortalama sicaklik degerleri
birinci yilda (2017), 12.1°C - 34.2°C arasinda; ikinci
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19.9°C 39.8°C arasinda; minimum sicaklik
degerleri 2017 yilinda, 4.8°C ile 26.7°C arasinda;
2018 yilinda, 10°C ile 26.4 °C arasinda; ortalama
nisbi nem degerleri 2017 yilinda, %22.9 ile %53.9
arasinda; 2018 yilinda, %29.8 ile %62.4 arasinda;
ortalama yagis miktar degerleri 2017 yilinda, 0.0
ile 79.2 mm arasinda; 2018 yilinda, 0.0 ile 83.2
mm arasinda; 5 cm’deki toprak sicaklik degerleri
birinci yilda (2017), 11.3 °C - 36.2 °C arasinda;
ikinci yilda (2018) ise 13°C ile 37.9°C arasinda
degisim gostermistir (Anonim, 2018).
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Cizelge 2. Pamuk yetistirme sezonlarinda aylik ortalama bazi iklim degerleri
Table 2. Some monthly average climate dates for cotton growing seasons

Nisan Mayis Haziran Temmuz Agustos Eylil Ekim  Kasim

2017 Ort. mak. sicaklik (°C) 231 30.1 36.4 41.3 39.4 36.9 27.3 22.8

Ort. min. sicakhk (°C) 10.8 16.2 22.4 26.7 24.9 22.6 15.1 4.8

Ort. sicaklik (°C) 16.6 22.9 29.7 34.2 323 29.6 20.5 121

Ort. nisbi nem (%) 50.2 39.0 27. 22.9 35.7 28.8 36.9 53.9

Ort. yagis (kg/m2) 79.2 0.0 0.0 0.0 00 00 171 786

5 cm toprak sic. (°C) 17.6 24.7 31.7 36.2 35.5 32.0 24.2 11.3

2018 Ort. mak. sicaklk (°C) 27.0 30.0 36.5 39.8 39.6 32.9 27.0 19.9

Ort. min. sicakhk (°C) 14.2 15.0 22.4 25.1 26.4 20.3 154 10.0

Ort. sicaklik (°C) 20.5 22.2 29.8 32.7 33.0 26.0 20.5 14.1

Ort. nisbi nem (%) 48.0 47.2 29.8 34.7 46.8 52.6 55.6 62.4

Ort. yagis (kg/m?) 1.8 267 8.6 0.0 05 832 225 353

5 cm toprak sic. (°C) 22.2 25.3 33.0 37.9 37.5 29.9 20.9 13.0

Kaynak: MGM, 2018

Metot olan motorlu sirt pompasi tam olarak su

Calisma, tesadif bloklari deneme desenine
gore 3 tekrarlamali olarak yiaritilmustir. Her
parsel 4 sirall olarak 12 m uzunlugunda
olusturulmustur.

2017 yilinda ekim islemi 25 Nisan, 2018 yilinda
ise 20 Nisan tarihinde havali mibzer ile tavli
topraga yapilmistir. Sira Gzeri 10-12 cm, sira arasi
ise 70 cm olarak ayarlanmistir. Deneme vyillarinda
ekimle beraber 8 kg da! azot ile 8 kg da™* fosfor
(20-20-0) glibresi, ust glibrelemede de 8 kg/da
(%46 Ure) azot lister aletiyle topraga verilmistir.

Ekim Oncesi genis yaprakli otlarla miicadele igin
300 ml da? (450 g It Pendimethalin) ve ekim
sonrasinda Cynodon dactyloni(L.) Pers.
(Kopekdisiiayrigl) ve Sorghum halepensee(L.) Pers.
(Kanyas)’a karsi 125 ml da* (116,2 g I'* Clethodim)
herbisitleri uygulanmistir. Daha sonraki
zamanlarda yapilan kontrollerde ekonomik zarar
esikleri esas alinarak zararlilara karsi kimyasal
miicadele yapilmistir. Deneme alaninda yabanci
ot kontrol(i, topragin kaymak tabakasini kirmak ve
havalandirmak amaciyla 2017 yilinda dort, 2018
yiinda ise ¢ defa makina capasi yapilmistir.
Herhangi bir hastaliga rastlanmadigindan fungusit
kullanilmamistir. Denemelerde NAA uygulama
zamanlari ve dozlari su sekilde uygulanmistir.

Kontrol, T.B.+C.B. (15+15,130+30,1 45+45 g da"
1), C.B.+C.D. (15+15,130+30,145+45 g da') ve
T.B.+C.D. (15+15,130+30,145+45 g da™).

Naftalin asetik asit uygulamalari 1 m’de 1-2
tarak (T.B.), 1 m’de 1-2 cicek veya ekimden 65-75
gin sonra (C.B.), 1 m’de 8-10 cicek veya 3-5
ciceklenme baslangicindan 15-20 giin sonra (C.D.)
(Chen ve ark., 1997) ikiser doz olarak
uygulanmistir. Her uygulama oncesi litre olglist
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doldurulup kontrol parsellerine puskdirtilerek her
parsele uygulanan su miktari belirlenmistir. Daha
sonra her parsel icin belirlenmis olan su pompaya
konulmus, daha sonra her parsel icin hesaplanan
NAA suya karistirilmis ve bitkilere uygulanmistir.
Uygulamalar hava sicakliginin daha distk oldugu
saat 19.00’dan sonra vyapilmistir. Denemenin
birinci yilinda ilk su ekimden 21 giin sonra, ikinci
yilda ise ekimden 23 glin sonra olmak Uzere her
iki yilda da 7’ser kez karik sulama yapiimistir. 2017
yilinda 20 Eylul, 2018 vyilinda ise 17 Eylil
tarihlerinde son sulama yapilmistir.

2017 yilinda 1. hasat 14 Ekim, 2. hasat 10
Kasim tarihinde, 2018 yilinda 1. hasat 10 Ekim, 2.
hasat ise 7 Kasim tarihlerinde ikiser defada elle
yaptimistir. Hasat her parselin ortada bulunan iki
siranin bas ve son kisimlarindan 1’er metre
atilarak kalan 14 m? uzerinden yapilmistir.
Arastirmada incelenen bitki boyu, odun dali sayisi,
meyve dali sayisi, koza sayisi, koza kitli pamuk
agirhg, katld pamuk verimi, erkencilik orani, girgir

randimani, 100 tohum agirigi ve lif indeksi
Ozellikleri Worley ve ark.,, 1976’a gore
belirlenmistir.

Calismada elde edilen veriler, Minitab 19

programinda tesadif bloklari deneme deseninde
yillar ayri ayri varyans analizine tabi tutulmus ve
ortalamalar ~ Tukey-HSD testi sonucunda
gruplandirilmistir (Anonymous, 2017).

Aragtirma Bulgulari ve Tartisma

incelenen &zelliklere ait F degerleri gizelge 3'de
verilmistir.
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Cizelge 3. incelenen 6zelliklerin F degerleri
Table 3. F values of the verifying properties

F Degerleri
2017 | 2018 [2017 [2018 [2017 [2018 |[2017 | 2018 [ 2017 | 2018
Bitki Boyu Odun Dali Sayisi Meyve Dali Sayisi Koza Sayisi Koza Katli Pamuk
(cm) (adet bitki1) (adet bitki?) (adet bitki1) Agirhigi (g)
Plant height Monopodiall branches| Sympodiall branches| Number of bolls Boll seed cotton
(cm) (no plant?) (no plant?) (no plant?) weight (g)
Tekerrir 0.30 0.40 2.61 0.68 141 0.74 0.14 1.71 2.04 | 0.11
Uygulamalar|18.12** |21.85** | 2.16%¢ | 0.68%¢ | 17.53** | 7.19** | 59.53** B9.82** | 11.51**| 0.86**
Katla Pamuk Verimi Erkencilik Orani Cirgir Randimani 100 Tohum Agirhgi Lif indeksi
(kg da?) (%) (%) (g) (g)
Seed cotton yield Earlines ratio Ginning percentage | 100 seed weight Lint index
(kg da*?) (%) (%) (9) (g)
Tekerrir 1.13 0.05 0.95 0.85 1.22 0.99 0.88 0.68 0.51 2.17
Uygulamalar|179.89** [136.67** (48.87** | 39.47** | 4.64** | 2,545 | 1,725 | 0.57%9| 2.85* |[3.95%*
**: %1 *: %5  6.d: onemli degil
Bitki boyu (cm)i

Farklh dénem ve dozlarda naftalin asetik asit
uygulamalarindan elde edilen bitki boyu
degerlerinin yapilan varyans analizi sonucunda
her iki yilda da onemli seviyede (p<0.01)
farkhliklar gosterdigi saptanmistir (Cizelge 3).

Farklhh dénem ve dozlarda uygulanan NAA’den
elde edilen bitki boylari 83.13 cm ile 98.33 cm
arasinda degismis ve denemenin 1. vyilinda
ortalama 91.08 cm, 2. yilinda ise 88.87 cm
olmustur. Her iki yilin verileri degerlendirildiginde
en vyiksek bitki boyu degerleri C.B.15+C.D.15
uygulamasindan (97.73 ve 96.00 cm) ve en dislik
degerler 2017 yilinda T.B.45+C.D.45 (84.17 cm),
2018 yilinda ise C.B.45+C.D.45 uygulamasindan
(83.3 cm) elde edilmistir.

Cizelge 4 incelendiginde denemenin ilk yilinda
bitki boyunu azalttigi, ikinci yilda kimi doz ve
zamanlarda artislar  ve azalislar  oldugu
gorilebilmektedir. iki yilda da C.B.15+C.D.15 ve
T.B.15+C.D.15 dozlarinin kontrol parsellerine gore
bitki boyunu arttirmistir. Pamukta bitki boyunun
¢ok uzun olmasi o6zellikle ilaglama ve hasat
etkinligini duslirdigu icin istenmemektedir.

Sonuclarimiz Gencsoylu (2009); Rajendran ve
ark. (2011); Gobi ve Vaiyapuri (2013); Gillani ve
ark. (2015) ile Ali ve ark. (2012)'nin NAA
uygulamalarinin  bitki boyunu azalttigina dair
sonuclari ile 2017 yili verileri uyum godstermekte,
ancak 2018 vyili verileri ise tam uyum
gostermemektedir.
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Odun dali sayisi (adet bitki™)

Farkh dénem ve dozlarda naftalin asetik asit
uygulamalari sonucu elde edilen odun dali sayisi
degerlerinin yapilan varyans analizi sonucunda
her iki yilda da 6nemli farkhliklar bulunamamistir
(Cizelge 3).

Cizelge 4.den deneme yillarinda farkli donem
ve dozlarda NAA uygulamalari sonucu olusan
odun dal sayilari 0.63 (adet bitki!) ile 0.83 (adet
bitki!) arasinda  degisim  gosterdigi  ve
ortalamalarin denemenin 1. yilinda 0.69 (adet
bitki') ve 2. yiinda 0.73 (adet bitki) oldugu
gorilebilmektedir. iki yil birlikte incelendiginde en
yliksek degerler 2018 yilinda T.B.15+C.D.15
uygulamasindan (0.83 adet bitki?), en duslk

degerler ise 2017 vyiinda T.B.15+C.B.15,
C.B.15+C.D.15, C.B.30+C.D.30 ile T.B.45+C.D.45
(0.63 adet bitki!) uygulamalarindan elde
edilmistir.

Odun dallarinda olusan pamugun lif kalitesi
meyve dallarinda meydana gelenlere gore daha
disik olugsmaktadir. Kaliteli bir pamuk Gretimi igin
odun dali sayisinin az veya hi¢ olmamasi istenen
bir durumdur. Cizelge 4.”den her iki yilda da odun
dali sayilari tizerine farkh donem ve dozlarda NAA
uygulamalarinin herhangi bir etkisi
saptanamamistir. Bu sonuglara gore NAA
uygulamalarinin odun dali sayilarina onemli bir
etkisinin olmadigi soylenebilir.
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Cizelge 4. Farkli donem ve dozlarda NAA uygulamalari sonucu olusan ortalama bitkiiboyu, odun daliisayisi, meyve daliisayisi,

koza sayisina ait degerler

Table 4. Means of average plant height, monopodial branches, sympodial branches, number of bolls obtained from NAA

applications at different periods and doses

Bitki Boyu Odun Dali Sayisu Meyve DalnSayisi Koza Sayisli
(cm) (adet bitki?) (adet bitki?) (adet bitki?)
Planttheight monopodial Sympodial branches|  number of bolls
Uygulamalar (cm) branches (no plant™) (no plant?) (no plant™)
Applications 2017 2018 2017 2018 2017 2018 2017 2018
Kontrol 96.43 a* | 90.70 bcY 0.77 0.830 7.37d*| 7.03c* 7.47 f* 7.30 e*
T.B.15+C.B.15 | 94.13ab | 90.87 bc | 0.67 0.70 8.33bc | 850a 10.73 de | 11.07 abc
T.8.30+C.B.30 | 88.83bcd| 87.90cd | 0.67 0.73 7.63cd | 833a | 10.23e | 9.93d
T.B.45+C.B.45 | 86.73cd | 85.03de| 0.73 0.73 7.73cd | 8.13ab| 10.67de| 9.87d
C.B.15+C.D.15 | 97.73a | 96.00a | 0.63 0.73 9.00ab | 7.37bc | 12.57ab | 11.30ab
C.B.30+C.D.30 | 92.87abc| 88.00d | 0.63 0.67 9.60a | 843a | 12.97a |11.77a
C.B.45+C.D.45 | 85.33d 83.13e | 0.73 0.77 8.27bc | 8.40a | 11.77 bc | 10.77 bed
98.33 a 94.83 ab | 0.70 0.73 8.27bc | 8.20ab | 11.07 10.73 bed
T.B.15+C.D.15 cde
86.23d 87.20 0.73 0.73 7.53cd | 7.63 abc 10.07 e 9.80d
T.B.30+C.D.30 cde
84.17d 85.03de | 0.63 0.66 8.63 b 8.00ab | 11.63 10.20 cd
T.B.45+C.D.45 bcd
Ortalama 91.08 88.87 0.69 0.73 8.24 8.00 10.92 10.27
%C.V. 2.42 1.76 8.50 11.88 3.54 3.93 3.17 3.25

*: Ayni harf grubuna giren ortalamalar arasinda istatistiki olarak herhangi bir farklilik bulunmamaktadir.

Meyve dali sayisi (adet bitki?)

Farkli dénem ve dozlarda naftalin asetik asit
uygulamalari sonucu elde edilen meyve dali sayisi
degerlerinin yapilan varyans analizi sonucunda
her iki yilda da onemli (p<0.01) farkhhklar
gosterdigi saptanmistir (Cizelge 3).

Cizelge 4.den, her iki deneme yilinda farkli
dénem ve dozlarda NAA uygulamalari sonucu
olusan meyve dali sayilarinin 7.03 ile 9.60 (adet
bitki!) arasinda degistigi ortalamalarin 8.24 ve
8.00 (adet bitki!) oldugu izlenebilmektedir. En
yiksek meyve dali sayisi  iki yilda da
C.B.30+C.D.30, uygulamasindan (9.60 ve 8.43 adet
bitki'), en dusuk meyve dali sayilar ise
denemenin iki yilinda da kontrol (7.37 ve 7.03
adet bitki!) parselinden elde edilmistir.

Farkli doz ve donemlerde uygulamalarin
hepsinde meyve dali sayisi kontrol parsellerine
gore daha yiksek olusmustur. Pamukta meyve
dali sayisi ve verim arasinda pozitif bir baglant
vardir. Bu sebeple meyve dali sayisi bakimindan
yapilacak olan calismalarda C.B.30+C.D.30
uygulamasi tavsiye edilebilir.

Naftalin asetik asit uygulamasinin meyve dali
sayisini  artirdigina  dair benzer sonuglar;
Rajendran ve ark.,(2011) ile Gobi ve Vaiyapurii
(2013) isimli arastiricilar tarafindan da ifade
edilmistir..
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Koza sayisi (adet bitki?)

Farkh dénem ve dozlarda naftalin asetik asit
uygulamalari sonucu elde edilen koza sayisi
degerlerinin yapilan varyans analizi sonucunda
her iki yilda da o6nemli (p<0.01) farkhliklar
gosterdigi saptanmistir (Cizelge 3).

Her iki yilda farklh doz ve dénemlerde NAA
uygulamasindan elde edilen koza sayilarinin 7.30
ile 12.97 (adet bitki?) arasinda degisim gosterdigi
ve ortalamalarin 10.92 ve 10.27 (adet bitki?)
oldugu izlenebilmektedir (Cizelge 4). En yliksek

degerler iki yilda da ¢.B.30+C.D.30
uygulamasindan (12.97 ve 11.77 adet bitki!) elde
edilmistir.

Farkli doénem ve dozlarda tim NAA
uygulamalarindan kontrole goére daha fazla koza
sayllarinin  (adet/bitki) elde edildigi ve
C.B.30+C.D.30 uygulamalarinin diger

uygulamalardan daha fazla sayida koza sayisi
olusturdugu gorilebilmektedir.

Naftalin asetik asit uygulamasinin koza sayisini
arttirdigina iliskin bulgular; Koler ve ark. (2010);
Sarlach ve Sharmaa(2012);1Gobi ve
Vaiyapurii(2013) ile Gillaniive ark. (2015) isimli
arastiricilar tarafindan da belirtilmistir.

Koza kiitlii pamuk agirligi (g koza™)

Farkh dénem ve dozlarda naftalin asetik asit
uygulamalari sonucu elde edilen koza kitla
pamuk agirligi degerlerinin yapilan varyans analizi
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sonucunda her iki yilda da o6nemli (p<0.01)
farklihklar gosterdigi saptanmistir (Cizelge 3).

Her iki deneme vyilinda farkli doénem ve
dozlarda naftalin asetik asit uygulamalari
neticesinde koza kiitli pamuk agirhklan 4.37 (g
kozal) ile 5.64 (g kozal) araliginda degisim
gosterdigi ve ortalamalarin 5.28 ve 4.99 (g koza™)
arasinda oldugu izlenebilmektedir. 2017 yilinda en
yiksek deger C.B.30+C.D.30 (5.64 g koza)
uygulamasindan, en disik  deger ise
T.B.45+C.D.45 (4.83 g kozal) uygulamasindan,
2018 yilinda ise en yiliksek deger C.B.30+C.D.30

(5.28 g koza') uygulamasindan, en disik deger
ise kontrol (4.37 g) uygulamasindan elde
edilmistir (Cizelge 5).

Cizelge 5./den farkli dénem ve dozlarda NAA
uygulamalari  sonucu her iki yilda da
C.B.30+C.D.30 uygulamasinin en ylksek degerleri
verdigi izlenebilmektedir. Nitekim kutli pamuk
verimlerine  bakildiginda da C.B.30+C.D.30
uygulamasinin en vyiksek degerleri vermesi bu
sonucu dogrulamaktadir. Gillani ve ark. (2015)
benzer sonuglar saptamiglardir.

Cizelge 5. Farkli donem ve dozlarda NAA uygulamalari sonucu olusan ortalama koza kiitli pamuk agirligi, kiitli pamuk verimi

ve erkencilik oranina ait degerler

Table 5. Means of average boll seed cotton weight, seed cotton yield and earlines ratio obtained from NAA applications at

different periods and doses

Koza Kiitli Pamuk Agirhgr | Kiitli Pamuk Verimii(kg da)|  Erkencilik Orani(%)
Uygulamalar (g koza™) Seed cotton yield (kg da) Earlines ratio (%)
Applications | Seed cotton weight (g boll?)
2017 2018 2017 2018 2017 2018
Kontrol 5.19 bc* 4.37 c* 532.16 f* 435.43 g* | 89.56 b* | 89.81d*
T.B.15+C.B.15 5.38 ab 4.77 bc 651.21c 566.66cd | 84.89c 86.03 e
T.B.30+C.B.30 5.46 ab 5.12 ab 644.36 cd | 556.87de | 95.88a 95.53 ab
T.B.45+C.B.45 4.95c 5.09 ab 560.61 e 480.77 f 95.92 a 95.28 ab
C.B.15+C.D.15 5.40 ab 5.04 ab 715.06 b 633.05b 91.50b 90.58 cd
C.B.30+C.D.30 5.64a 5.28 a 762.01a 666.76 a 89.82 b 88.25 de
C.B.45+C.D.45 5.11 bc 5.03 ab 648.86 ¢ 588.98 ¢ 97.08 a 97.05a
T.B.15+C.D.15 5.46 ab 5.12 ab 747.42 a 634.84 b 86.37 ¢ 90.20d
T.B.30+C.D.30 5.42 ab 4.95 ab 644.25cd | 576.60cd | 94.72a 93.37 bc
T.B.45+C.D.45 4.83c 5.09 ab 620.59 d 535.32e 94.84 a 93.24 bc
Ortalama 5.28 4.99 652.70 567.53 92.06 91.93
%C.V. 2.45 3.00 1.46 1.85 1.15 1.06

*: Ayni harf grubuna giren ortalamalar arasinda istatistiki olarak herhangi bir farklihk bulunmamaktadir.

Kiitlii pamuk verimi (kg da™*)

Farklh dénem ve dozlarda naftalin asetik asit
uygulamalari sonucu elde edilen kitli pamuk
verimi degerlerinin yapilan varyans analizi
sonucunda her iki yilda da o6nemli (p<0.01)
farklihklar gosterdigi saptanmistir (Cizelge 3).

Her iki yilda farkli donem ve dozlarda NAA
uygulamasindan elde edilen kitli pamuk
verimlerinin 435.43 kg da? ile 762.01 kg da ve yil
ortalamalarinin 652.70 kg da! ve 567.50 kg da™
arasinda oldugu izlenebilmektedir. 2017 yilinda
C.B.30+C.D.30 ve T.B.15+C.D.15 wuygulamalari,
2018 yilinda ise C.B.30+C.D.30 uygulamalarindan
en ylksek katli pamuk verimleri elde edilmistir.
iki deneme sezonunda da en yiiksek degerlerin
G.B.30+C.D.30,uygulamasinda, en disuk
degerlerin ise kontrol parselinde olustugu, bu
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sonuclara gore farkli donem ve dozlarda NAA
uygulamalarinin  kontrole goére kitli pamuk
verimini onemli miktarda arttirdigi
gorilebilmektedir (Cizelge 5). NAA uygulamasi,
meyve tutum oranini ve meyve dokimiini
artirarak bitkilerin bliyimesi ve verimi (zerinde
iyi bir yonetim etkisine sahiptir (Raoofi ve ark.,
2014). NAA bitki buyimesini olumlu yonde etkiler
ve pamugun olgunlugunu gelistirir (Abro, 2004).

Naftalin asetik asit uygulamalarinin kitla
pamuk veriminde artisa sebep olduguna dair
benzer bulgular Kataria ve Khanparai(2011); Ali ve
ark.i(2012); Gobi ve Vaiyapuri (2013); Gillani ve
ark. (2015) ile Parveen ve ark.i(2017)itarafindan
da bildirilmistir.

Erkencilik orani (%)
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Farkh dénem ve dozlarda naftalin asetik asit
uygulamalari sonucu elde edilen erkencilik orani
degerlerinin yapilan varyans analizi sonucunda
her iki yilda da onemli (p<0.01) farkhhklar
gosterdigi saptanmistir (Cizelge 3).

Farkh dénem ve dozlarda naftalin asetik asit
uygulamasindan elde edilen ortalama erkencilik
oraninin %84.89 ile %97.08 arasinda degistigi ve
yil ortalamalarinin %92.06 ile %91.93 oldugu
izlenebilmektedir. 2017 yilinda T.B.30+C.B.30,
T.B.45+C.B.45, C.B.45+C.D.45, T.B.30+(C.D.30 ve
T.B.45+C.D.45 uygulamalari ayni grupta vyere
alarak en yuksek degerleri vermislerdir. Ancak iki

yilda da en vyiksek degerin C.B.45+C.D.45
uygulamasindan, en dlsuk degerin ise
T.B.15+C.B.15,uygulamasindan olustugu

gorilebilmektedir (Cizelge 5). C.B.45+C.D.45 NAA
uygulamasinin en fazla erkencilik sagladigi ve
yapilacak erkencilik ¢alismalarinda bu
uygulamanin goz oOnunde bulundurulabilecegi
sonucuna ulasiimstir.

NAA uygulamalarinin  erkencilik  oranini
arttirdig ile ilgili Parveen ve ark. (2017) tarafindan
benzer sonuglar bildirilmistir.

Cir¢ir randimani (%)

Farkh dénem ve dozlarda naftalin asetik asit
uygulamalari sonucu elde edilen erkencilik orani
degerlerinin yapilan varyans analizi sonucunda
2017 yilinda 6nemli (p<0.01) farkhhklar gosterdigi,
2018 yilinda ise 6nemsiz oldugu saptanmistir
(Cizelge 3).

Farkh dénem ve dozlarda naftalin asetik asit
uygulamasindan elde edilen ¢irgir randimaninin
%45.18 ile % 46.31 arasinda degistigi ve vyil
ortalamalarinin ise %45.76 ile 45.24 oldugu
gorulebilmektedir (Cizelge 6). Yapilan Tukey
testine gore 2017 yilinda farkl gruplar olusmus
ancak, en disuk ortalama ¢irgir randimani
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C.B.30+C.D.30 (%45.18) uygulamasindan, 2018
yilinda ise istatistiksel olarak herhangi bir farkhlik
bulunmadigindan karsilastirma testi
yaptimamistir. Calismanin birinci yilinda
uygulamalar arasinda farkhliklar bulunmasi, ancak
ikinci yihinda bulunmasinin  nedeni, deneme
yerlerinin toprak 6zellikleri ve deneme yillarindaki
iklim degerlerinin farkliligindan kaynaklanmis
olabilir.

Sonuglarin  timu  degerlendirildiginde 2017
yilinda T.B.45+C.B.45 uygulamasinin en yuksek
girgir randimanini verdigi sonucuna ulagiimistir.

NAA uygulamasindan elde edilen sonuglar;
Jadhav ve ark., (2015)'nin naftalin asetik asit’in
girgir randimanini arttirdig sonuglariyla
uyusmakta, Rajendran ve ark.,(2011) ile Sarlach ve
Sharma (2012)'nin gir¢ir randimanini azalttig
sonuclariyla uyusmamaktadir.

100 Tohum agirligi (g)

Farkh dénem ve dozlarda naftalin asetik asit
uygulamalari sonucu elde edilen 100 tohum
agirligl  degerlerinin  yapilan varyans analizi
sonucunda her iki yilda da o6nemli farkhliklar
gostermedigi saptanmistir (Cizelge 3).

Farkh dénem ve dozlarda naftalin asetik asit
uygulamalari  sonucu olusan 100 tohum
agirliklarinin 9.67 g ile 10.14 g arasinda degistigi
ve yil ortalamalarinin 9.97 g ve 9.79 g oldugu
gorilebilmektedir  (Cizelge 6). Uygulamalar
arasinda onemli seviyede farklihklarin
bulunmamasi neticesinde bu 6zellik bakimindan
farkh donem ve dozlarda NAA uygulamalarinin
etkisinin 6nemli olmadigi sdylenebilir.

Elde edilen sonuglar; Kataria ve Khanpara
(2011) sonuglari ile uyusmakta, ancak Rajendran
ve ark. (2011) ile Sarlach ve Sharma (2012)'nin
sonuclariyla uyusmamaktadir.
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Cizelge 6. Farklhh donem ve dozlarda NAA uygulamalari sonucu olusan ortalama,icir¢ir randimani,1100 tohum agirligi,lif

indeksine ait degerler

Table 6. Means of average ginning percentage, 100 seed weight, lint index obtained from NAA applications at different

periods and doses

Cirgir Randimanii(%) 100 Tohum Agirlign(g) Lif indeksi (g)
Uygulamalar Ginning percentage (%) 100 seed weight (g) lint index (g)
Applications 2017 2018 2017 2018 2017 2018
Kontroll 46.17 ab* 45,7754 9.80%¢ | 10.120¢ 8.40 ab* | 8.54a*
T.B.15+C.B.15 46.27 a 45.81 10.03 10.05 8.64 a 8.16 ab
T.B.30+C.B.30 46.10 ab 4491 10.01 10.13 8.68 a 8.26 ab
T.B.45+C.B.45 46.31a 46.02 9.91 9.54 8.57 ab 8.13 ab
C.B.15+C.D.15 45.35 ab 44.84 10.25 9.55 8.47 ab 7.76 b
C.B.30+C.D.30 45.18 b 44.89 10.14 9.98 8.35ab 8.13 ab
C.B.45+C.D.45 45.31 ab 45.54 9.93 9.45 8.23 ab 7.90b
T.B.15+C.D.15 45.81 ab 45.12 10.03 9.97 8.48 ab 8.19 ab
T.B.30+C.D.30 45.74 ab 44.89 9.93 9.78 8.47 ab 7.97 ab
T.B.45+C.D.45 45.38 ab 45.60 9.67 9.29 8.04b 7.78 b
Ortalama 45.76 45.24 9.97 9.79 8.43 8.08
%C.V. 0.76 0.96 2.15 2.67 2.33 1.66

*: Ayni harf grubuna giren ortalamalar arasinda istatistiki olarak herhangi bir farklilik bulunmamaktadir.

Lif indeksi (g)

Yapilan varyans analizinde, farkli dénem ve
dozlarda NAA uygulamalari sonucu olusan lif
indeksi degerleri bakimindan 6nemli (p<0.05)
seviyede farkliliklar bulunmustur (Cizelge 3).

Cizelge 6'dan, farkli donem ve dozlarda naftalin
asetik asit uygulamasindan elde edilen lif indeksi
degerlerinin 8.04 g ile 8.73 g arasinda degistigi ve
yil ortalamalarinin 8.43 g ile 8.08 g oldugu
izlenebilmektedir. Nitekim ayni cizelgeden iki yilda
da sadece iki grubun olusmasi bu o0zellik
yoniinden bir stabilitenin olmadigi séylenebilir.

NAA uygulamalarindan elde ettigimiz degerler;
Rajendran ve ark. (2011) ve Sarlach ve Sharma
(2012)’'nin NAA’in lif indeksini azalttigi sonuglari
ile kismen uyusmakta, Kataria ve Khanpara (2011)
ile Jadhav ve ark. (2015)’nin NAA’in lif indeksine
herhangi bir etkisinin olmadigi bulgulariyla
uyusmamaktadir.

Sonuglar

En yiksek kitlh pamuk verimi, meyve dali
sayisl,koza sayisi ve koza kitli pamuk agirlig
(.B.30+C.D.30, uygulamasindan elde edilirken, en
yuksek erkencilik orani C.B.45+C.D.45
uygulamasindan ve en vyiksek bitki boyu ise
C.B.15+C.D.15 uygulamasindan elde edilmistir.
Farkli donemlerde bélinmis dozlar seklinde NAA
uygulamalarinin odun dali sayisi ve 100 tohum
agirhgina herhangi bir etkisi olmamugtir.

Pamuk Uretiminde ciftgiler igin kiatli pamuk
verimi en o6nemli konudur. Harran Ovasi

kosullarinda yapilacak olan pamuk
yetistiricilig§inde  kutli pamuk verimi igin
(.B.30+C.D.30 uygulamalari onerilmektedir.

-Bu calismanin ilk yili Orhan COKLU’nun Yuksek
Lisans ¢alismasinin bir kismindan Gretilmistir.
-Makale vyazarlari arasinda bir c¢ikar c¢atismasi
olmadigini beyan ederler.
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ABSTRACT

The purpose of this study was to examine the impact of various single-disc type furrow
openers used in no-till seeders on furrow aspects and forces acting on the discs at various
soil moisture contents, soil compaction levels, and seeding depths in soil bin. Factors
included plain, notched, wavy, concave, and fluted types of disc coulters, two soil moisture
levels (12-18%), two soil compaction levels (2-3 MPa), and two seeding depths (50-75 mm).
According to the results, the plain, notched, and fluted type discs had the lowest vertical,
draft, and side force, while the wavy type disc had the maximum vertical force, draft force,
and side force and the concave type disc had the highest side force. The vertical, draft, and
side force requirements of all furrow openers were found to be lower in loose soils with
low moisture content and greater in compacted soils with high moisture content. Fluted,
concave, and wavy-type discs produced the best results in terms of the specific vertical,
specific draft, and specific side forces, respectively. While the highest furrow cross-
sectional area was obtained in the wavy disc, this furrow opener was followed by concave,
notched, fluted, and plain-type furrow openers, respectively.

Key Words: No-till, disc type furrow opener, furrow profile, soil compaction, soil bin
0z

Bu c¢alismanin amaci, dogrudan ekim makinalarinda kullanilan farkli tek diskli tip gomici
ayaklarin, farkl toprak nem igeriklerinde, toprak sikisma seviyelerinde ve ekim
derinliklerinde, ¢izi profiline ve disklere etki eden kuvvetler tzerindeki etkisini toprak
kanalinda incelemektir. Faktorler arasinda diiz, kertikli, dalgali, konkav, yivli tip disk agicilar,
iki toprak nem seviyesi (%12-18), iki toprak sikistirma seviyesi (2-3 MPa) ve iki ekim derinligi
(50-75 mm) yer almaktadir. Sonuglara gore, diiz, kertikli ve yivli disklerin minimum dusey,
yan ve geki kuvvetlerine sahip oldugu, dalgali tip diskin ise maksimum disey kuvvet, cekme
kuvveti ve yan kuvvete sahip oldugu ve konkav tip disklerin ise en yliksek yan kuvvete sahip
oldugu gozlemlenmistir. Tim gomiici ayaklarin disey, ¢ekme ve yan kuvvet
gereksinimlerinin gevsek, az nem igerigine sahip topraklarda daha disik, buna karsilik;
sikistiriimis, yliksek nem icerigine sahip topraklarda daha yiiksek oldugu bulunmustur. Yivli,
konkav ve dalgal tip disklerin sirasiyla 6zgiil disey, 6zgul ¢cekme ve 6zgiil yan kuvvetler

© Copyright 2018 by Harran University
Faculty of Agriculture. Available on-line
at www.dergipark.gov.tr/harranziraat

acisindan en iyi sonuglari verdigi tespit edilmistir. En yiksek ¢izi kesit alani dalgal diskte
elde edilmis olup, bu gdmici ayagi konkav, kertikli, yivli ve diz tip ¢izi agicilar izlemistir.

This work is licensed under a Creative

Commons Attribution-Non
@ Commercial 4.0 International License.

Anahtar Kelimeler: Dogrudan ekim, diskli tip gdmuici ayak, ¢izi profili, toprak sikisikhgi,
toprak kanal
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Introduction

A furrow opener is the most important unit of
no-till seeders (Seidi et al.,, 2010; Troger et al.,
2012). Furrow openers open a furrow with
sufficient depth and width
conditions and place the seeds into the furrow.
type
conditions, many types of furrow openers are

in residue field

Depending on the soil and working
available (Karayel and Ozmerzi, 2007; Altikat et al.,
2013).

Furrow openers comprised of hoes, chisels,
winged chisels, reverse T’s, discs types (single disc,
double disc, and three disc rotating discs driven by
tractor pto) are used in reduced tillage and direct
seeding methods (ASABE, 2013). Single and double
disc type furrow openers are used more widely
(Tajuddin and Balasubramanian, 1995) to expose
the soil to less impact and compaction (Karayel and
Sarauskis, 2011). The furrow opener used in no-till
seeders firstly cuts the soil and residue well and
leaves the existing residue on the surface without
burying it in the furrow (Doan et al., 2005).

Single disc type furrow openers which are
commonly used in no-till seeders, can be large-
diameter, flat, wavy or notched type. The reason
why very different types of single disc type furrow
openers are available is because they penetrate
well into soil in residue field conditions and have a
high residue cutting success (Murray et al., 2006).
Plain discs that can cut the soil better are also easy
to self-sharpen. Since the wavy type discs are self-
sharpening, the risk of soil adhesion is low.
Although narrow fluted type and fluffy hole type
discs loosed soil sufficiently, they have limited use
in high clay content and sticky soil conditions.
Although wide fluted discs have the ability of
opening the desired furrows in easily dispersible
soils, in some soil conditions, they can form large
clods that cannot cover the seeds in the furrow as
expected (Celik, 2009).

Soil-tool interactions are explained in terms of
draft and vertical forces, as well as soil particle
displacement (Conte et al., 2009; Lisowski et al.,
2016). Force requirement of the disc-type furrow
opener is influenced by soil moisture content, soil
texture class, penetration resistance, residue level,
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furrow opener geometry, and rotational speed of
the opener (Kushwaha et al., 1986). There are
various studies on the performance of different
disc-type furrow openers. In terms of sugarcane
residue-cutting capabilities and vertical force
requirements, tooth-type disc openers
outperformed smooth-type single-disc furrow
openers (Magalhaes et al., 2007; Bianchini and
Magalhaes, 2008). Ahmad et al. (2015) stated that
the diameter, seeding depth, and forward speed
had significant effects on the draft and vertical
forces acting on the double disc opener having
various diameters. The mean draft values were
648.9, 737.2, and 784.6 N, while the vertical forces
were 904.7, 1553.9, and 1620.4 N for the openers
with diameters of 330, 450, and 600 mm,
respectively. Ahmad et al. (2017) studied the draft
and vertical force requirements, as well as straw-
cutting ability of double disc with smooth-edge,
notched, and toothed single-disc furrow openers
in no-till paddy fields. According to the findings of
this study, furrow opener type, operating depth,
and speed, all had a substantial influence on draft
and vertical forces, with double disc-type furrow
openers having the maximum draft and vertical
force. Ov et al. (2008) investigated the force needs
of plain and several types of wavy disc furrow
bin
conditions at varied forward speeds. They stated

openers used in no-till planting in soil
that while maximum draft force is obtained in plain
disc, maximum vertical force occurs in 26 wavy
discs. Magana et al. (1994) evaluated the residue
cutting performance of notched and smooth type
coulters with 425 mm diameter and determined
that the smooth coulter had a poorer sugarcane
cutting capacity than the notched type coulter.
Zeng et al. (2021) three vertical tillage discs with
different shapes, namely notched, plain, and
rippled, were tested in a soil bin at two different
working depths, shallow (63.5 mm) and deep (127
mm). The study was conducted using corn residue.
Deep working depth was found to result in 5.1%
higher residue mixing, 53.4% greater soil cutting
forces, and 34.9% larger soil displacements as
compared to the shallow depth.

In the no-till seeding technology, the furrow
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disturbance
is the
distance between the furrow profile and the

profile is an important soil

component. The cross-sectional area
furrow bottom, whereas the spoiled soil area is the
distance between the original profile and the soil
it has been disturbed. These
parameters can be determined by means of
graphical different

representations of their areas can be surveyed by

surface after

representations and
means of planimetric techniques and/or computer
software programs, as recommended by various
researchers (Conte et al., 2009; Santos et al., 2010;
Hasimu and Chen, 2014; Francetto et al., 2016).
This study was carried out to test the single disc
type furrow opener with different properties,
which are widely used in no-till seeders, at
different
compaction levels. The aim of the experiments

soil moisture content and soil
carried out under controlled soil bin conditions
was to determine the most suitable furrow opener
in terms of some important soil physical properties
as well as the furrow profile properties and the

forces acting on the discs from different directions.

Material and Methods

Soil bin
This research was carried out in the soil bin
conditions located at Atatlirk University,

Agricultural  Machinery and  Technologies
Engineering Laboratory. The soil bin is 16 m long,
2.5 m wide and 0.8 m deep. The soil bin carriage
has a slide that can be moved manually in both
directions on the X-axis and a shaft that can be
moved in both directions with the help of an
electric motor along the Y-axis (Fig. 1).

The preparation stages

experiment consisted of cultivating with a rotary

soil before the
hoe, gaining the appropriate moisture level with a
pulverization, periodically applying the soil to the
desired compaction level with the wavy and flat
type rollers used by mounting on the soil bin
carriage, and leveling it with a scraper blade. Soil
samples taken from the plots determined to
represent the soil bin were weighed with a
precision scale with a sensitivity of 0.01 g.

An electric motor with a power of 15 kW was
used as the power unit of the soil bin carriage. The
speed of the carriage which was adjusted by the
speed control unit, was kept under control during
the trials with a speed radar mounted on it. In the
study, 6 load cells with a capacity of 2 tons were
used to reveal the draft, vertical, and lateral forces
in different disc-type furrow openers. The values
taken from the load cells and speed radar were
stored by the data logger and sent to the
computer.

Figure 1. Soil bin carriage

This research was carried out to compare the
performance of five various single disc coulters
which are commonly used in no till seeders in
different soil conditions. For this purpose, the discs
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on the furrow opener unit were designed and
manufactured for easy change and use. The furrow
openers were made of steel with a diameter of 460
mm and a thickness of 4 mm (Fig. 2). The furrow
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openers were connected to the soil bin carriage by

Wavy disc

Plain disc
Figure 2. The disc type furrow openers used in the study

Experimental design

In this study, which was carried out under
controlled soil bin, five different disc type furrow
openers, two different soil compaction levels, two
different soil moisture levels and two different
planting depths were considered as factors. The
research was carried out in three replications

according to the divided plots design. The

Table 1. Factors and factor levels

~
’

Notched disc

means of a specially designed disc connection unit.

Fluted disc

Concave disc

diameter value of 460 mm, which is widely used in
no-till seeders, was taken into account for the
diameter of the disc type furrow opener with zero
tilt and disc angle. Some important parameters
considered in the experiment such as working
depth, forward speed, soil moisture content and
soil compaction level are given in Table 1.

Factors Level of factors

Disc types Wavy, plain, notched, concave and fluted disc
Disc diameters (mm) 460

Forward speed (km/h) 3.6

Seeding depth (mm) 50-75

Soil moisture content (% d.b.) 12-18

Soil penetration resistance (MPa) 2-3

Determination of soil moisture content and
penetration resistance

Undisturbed soil samples were taken from 0-5
and 5-10 cm soil depths in four replications, taking
into account the working depth before starting the
experiments in the soil bin to determine the soil
moisture content. After the samples were weighed
on a precision scale, they were left to dry in an
oven at 105 °C for 24 hours. The soil samples taken
from the oven were weighed and their dry weights
were obtained and moisture content values were
calculated (ASABE, 2015).

The soil compaction level was determined with
measurements made with five replications from
each plot before the disc opener passed, and the
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compression effects of the furrow opener in the
with
measurements made after the furrow opener

furrow  region were  determined
passed. The impact was determined with two
replication measurements made along the furrow
line at 5 cm intervals and a depth of 10 cm from
the center of the furrow line and 20 cm towards

the edges of the furrows (Malasli and Celik, 2019).

Determination of furrow depth and furrow profile

In the experiments, the furrows were cleaned
after the passage of the disc opener and the
depths of the furrows were measured using a
caliper depth measuring apparatus with two
repetitions from each plot. The obtained values
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were compared with the measurements made

with a profilograph and an evaluation was made.
A

aluminum rods spaced at 1 cm intervals placed

rod-type profilograph consisting of 36

perpendicular to the direction of advance was
used to determine the profiles of the furrows

Figure 3. Rod type profilograph

Determination of vertical, draft, and side forces

The disc-type furrow opener operates under
the influence of three important forces: vertical
(shear), horizontal (drawn), and side (Abu-Hamdeh
and Reeder, 2003; Armin et al., 2017). 6 S-type
load cells with a composite error rate of 0.02-
0.03%, placed with special connections to the
buttress to which the furrow opener is attached,
were used to determine these forces (Afify et al.,
1998; Aminzadeh, 2014; Zhang, 2016). The signals
obtained from the load cells were stored in a data
logger (Campbell CR1000 type) and transferred to
the computer (Malasli and Celik, 2019).

Statistical analysis

All results from the experiments were subjected
to analysis of variance. As a result of the analysis,
the averages of the factor levels were subjected to
the DUNCAN multiple comparison test. Graphs of
the analysis of variance results and graphs of the
important interactions were prepared in Excel.
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immediately after the passage of the furrow
opener (Fig. 3). The values obtained from the
measurements made in duplicate from each plot
were transferred to graphs and plot profiles were
obtained (Jester and Klik, 2005; Karayel and
Ozmerzi, 2006; Troger et al., 2012).

1l

I

SPSS package program was used to analyze the

variance of the data obtained from the experiment
and compare the means.

Results and Discussion

Results on soil moisture content penetration
resistance

The soil moisture content and penetration
resistance results after the soil bin preparation and
just before starting the experiments are given in
Fig. 4. The average soil moisture content and
compaction level values during the winter and
summer wheat planting periods in Erzurum
conditions were taken into consideration in the
experiments. Accordingly, the soil moisture
content for soil depths of 0-5 and 5-10 cm was 12%
and 18%, and the penetration resistance was
found to be very close to the target values chosen
as 1.7 MPa and 2.6 MPa, respectively (Fig. 4).
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Figure 4. Soil moisture content and penetration resistance values

Results on draft, vertical, and side forces
Instantaneous measurements were made in the
study from the load cells to determine the effects
of different soil moisture contents, compaction
levels, and working depths on the forces acting on
the single disc-type furrow openers. The obtained
data were recorded by the data logger and
transferred to the computer and evaluated. The
results of the analysis of variance applied to the
draft, vertical and side forces are given in Fig. 5.
According to the obtained results, the lowest
vertical force was determined in the flat type disc
and the lowest side force and draft force were
determined in the notched type disc furrow
opener. Ahmad et al. (2017) stated that the

Vertical Draft

Average forces acting on the

Side

highest vertical and draft forces occur in double
disc, notched disc, toothed disc and flat type single
disc furrow openers, respectively. On the other
hand, the highest draft force and vertical force
were found in the wavy type, and the maximum
side force was in the concave type disc opener.
McKyes (1985), stated that tillage equipment with
a wider cutting width demand more draft force.
Similarly, Darmora and Pandey (1995) stated that
seven furrow openers with different widths create
different draft forces. Hasimu and Chen (2014)
stated that winged hoe type openers have higher
draft force and specific draft requirements than
other hoe type openers because they open a wider
furrow.

Concave Notched

The results related to the effects of different
soil compaction, moisture content and working
depth levels on the forces acting on different types
of discs in the study are given in Fig. 6. Accordingly,

Wavy Fluted Plain

Furrow openers
Figure 5. Average vertical, draft, and lateral force values acting on the furrow openers
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the effect of different soil compaction levels on the
forces acting on the furrow openers was found to
be statistically insignificant. The side force values
for both compaction levels were found to be
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higher than those for the draft force and vertical
force. The forces on the discs were found to be
statistically significant according to the change in
soil moisture content. The vertical, draft, and side
force requirements of all furrow opener types have
been determined to be lower in low soil moisture
content and compaction level, and greater in high

soil moisture content and compaction level. It was
determined that the amount of soil cut by the
furrow openers increased with the target furrow
depth increasing the force acting on the discs. As
with soil compaction and moisture content levels,
side force was found to be higher than draft force
and vertical force at different furrow depths.
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Figure 6. The effects of different soil compaction, moisture content and furrow depth levels on the forces on different

disc type furrow openers

Results on specific draft, vertical and side forces
The specific draft force was obtained by dividing
the obtained draft averages by the cross-sectional
area of furrows. Specific draft force, which is
defined as the force per unit soil area in no-till
seeders, is considered a good performance
indicator. In practice, it is preferred that the
specific draft force values are small. Two factors
are taken into account for the specific draft force:

the draft force requirement and the furrow

dimension formed by the furrow opener. The
results obtained from the experiments revealed
that the smallest specific vertical, side and draft
force values were obtained in the fluted, concave
and wavy type discs, respectively. While the
highest specific vertical force was obtained in the
notched type disc, the highest specific draft force
and side force were obtained in the plain type disc
(Table 2).

Table 2. Specific force values in different disc type furrow openers

Specific vertical force
Furrow opener type

Specific draft force Specific side force

kPa kPa kPa
Concave 53.2a 543 ¢ 78.1b
Notched 64.3a 56.4 ¢ 774b
Wavy 573 a 76.6 b 65.9b
Fluted 46.9 a 94.0 a 85.1ab
Plain 50.5a 98.3a 99.9a
P 0.004 0.000 0.270

The effect of soil compaction levels on specific
forces was found to be insignificant. While the
specific forces were almost the same in both soil
compaction levels, the specific side force was
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found to be higher than the specific vertical and
specific draft force. The specific forces of the
furrow openers were statistically significant at 12%
and 18% soil moisture levels. The specific forces
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increased as the soil moisture content increased (Fig. 7).
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Figure 7. The effects of different soil compaction, moisture content and furrow depth levels on the specific forces acting

on different disc type furrow openers

Results on furrow profile

In the study, the furrow depth and furrow width
data, which were measured immediately after the
furrow opener passed, were transferred to the
MATLAB program and the furrow cross-sectional
area was calculated. According to the obtained
results, the effect of different disc type furrow
openers on the furrow width and furrow cross-
sectional area was found to be statistically
significant. While the highest furrow cross-
sectional area was obtained in the wavy disc, this

furrow opener was followed by concave, notched,

3,500

Cross sectional
R
o
o
o
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0 + } } } } i
<& > 8 :
QQQ& éo\a& N R

Furrow openers

Figure 8. Results on the furrow cross-sectional area

As in the furrow cross-sectional area, the
highest furrow width occurred after the passage of
the wavy type disc type furrow opener, followed
by concave, notched, fluted and plain type discs,

fluted and plain type furrow openers, respectively
(Fig. 8). Considering the characteristics of the
furrow openers in terms of shape, the highest
furrow cross-sectional area was obtained with the
wavy disc, as expected, and the lowest furrow
cross-sectional area was obtained with the plain
type disc. The change in soil compaction level and
moisture content did not have a significant effect
on the cross-sectional area. The values obtained
on the target furrow depth created a larger cross-
sectional area in furrow as expected.

0+ } } } } } i
2Mpa3Mpa 12% 18% 50 mm75 mm

Soil compaction level, moisture content
and target furrow depths, respectively

respectively. A furrow width of 2/3 of the wavy disc
was obtained with the plain disc type furrow
opener. For this reason, it is more preferred in no-
till since narrow furrows do not cause much soil
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deformation. The effect of the soil compaction
level and soil moisture level on the width of the
furrow was not found to be statistically significant.
The variation of the furrow depth according to the
target depth significantly affected the width of the
furrow. When the depth of the furrow increased
from 50 mm to 75 mm, there was an increase in
the width of the furrow due to the increased soil
deformation, as the furrow opener sank deeper
into the soil.

As in the results obtained regarding the furrow
width, the changes in soil compaction and
moisture content did not create a significant
difference in the furrow depth, while the targeted
planting depth was found to be statistically
significant.

The furrow profiles formed by the different
disc-type furrow openers vary depending on the
soil moisture content, soil compaction level and

the targeted furrow depth (Fig. 9 and Fig. 10).
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Although the obtained furrow profiles looked
similar to each other, more distinctive profiles
emerged at a target furrow depth of 75 mm. The
furrow profile of each furrow opener at 18% soil
moisture content and 3 MPa compaction level was
found to be more pronounced and closer to the
desired target than 12% soil moisture and a 2 MPa
soil compaction level. In addition, values close to
the targeted furrow depth were obtained for all
furrow opener types at 18% soil moisture and 2
MPa compaction levels.

Considering the profiles formed by the furrow
openers, the concave, notched and wavy type
furrow openers have formed a wider line than the
plain and the fluted type disc. Again, while values
close to the targeted furrow depth were obtained
in all discs, the amount of degraded soil, which is
considered as loosened soil accumulated at the
edge of the cut, was higher in concave, notched
and wavy type discs.
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Figure 9. Furrow profiles formed at different compaction levels and furrow depths with 12% soil moisture content
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Figure 10. Furrow profiles formed at different compaction levels and furrow depths with 18% soil moisture content

Conclusion

According to the results obtained from the
research, no furrow opener gave the best results
on the basis of all parameters. The best results
were obtained with plain type discs in terms of
furrow width, furrow cross-sectional area and
vertical force while notched type discs delivered
the best results in terms of draft force and side
force and fluted, concave and wavy type discs
produced the best results in terms of specific
vertical force, specific draft force and specific side
force, respectively.

The results revealed that soil conditions are a
very important factor in the selection of the disc
type furrow opener to be used in no-till seeders.
According to these results obtained, using a plain
disc type furrow opener in wet and hard soils, and
a concave type disc furrow opener in low moisture
level and soft soils can be recommended in terms
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of the furrow profile and the acting forces. In
addition, it is important for companies that
manufacture no-till seeders with a single disc type
furrow opener not to ignore important working
parameters such as soil moisture content and
compaction level and working depth, and to design
and manufacture by taking into account different
field conditions.

It is of great importance that the analysis and
evaluation of the results obtained by testing
different disc type furrow openers at zero-degree
tilt and disc angles are taken into account in future
researches that will be planned by taking tilt and
disc angles into account different. Investigating
different residue conditions together with these
features, which could not be taken into account
due to the scope of the study, but are planned for
future research, will contribute significantly to the
more effective use of disc type furrow openers.
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Cilek, besin degeri agisindan 6nemi ve ekonomik faydasi nedeniyle Tiirkiye'de tretimi her
gecen vyil artan meyvelerden birisidir. Son vyillarda organik cilege olan talep de
artmaktadir. Organik cilek yetistiriciliginde yiksek verim ve kaliteyi elde etmek icin
bitkinin ihtiyaci olan besin elementlerinin belirlenmesi ve uygun yontemlerle verilmesi
gerekmektedir. Bu calismada Monterey cilek ¢esidinde solucan gilibresinin tek basina ve
faydali bakteri ve mikoriza iceren biyo-giibreler ile birlikte uygulamalarinin gilek bitkisinin
kok ve govdesinde azot (N), fosfor (P), potasyum (K), kalsiyum (Ca), magnezyum (Mg),
demir (Fe), ginko (Zn) ve mangan (Mn) igerigine etkileri incelenmistir. Akdeniz iklimi etkisi
altinda Osmaniye ilinde ydiratilen bu tarla denemesinde sadece su verilen kontrol
uygulamasinin yaninda solucan gibresi ve birlikte uygulamalarin yer aldigi 7 farkl
uygulama yer almistir. Solucan gilibresi ve biyo-glbrelerin birlikte uygulamasinda kok ve
govdenin besin elementi icerigi, tek basina uygulanan solucan giibresi ve kontrole kiyasla
daha yiksek olmustur. Solucan giibresi ile iceriginde Bacillus amyloliquefaciens, Bacillus
pumilus, Bacillus subtilis, Bacillus licheniformis, Bacillus megaterium, Trichoderma
harzianum, Trichoderma konigii olan biyo-giibrenin birlikte uygulamasinin, diger
uygulamalara gére daha yiiksek kék N (%1.04), K (%0.51), Mn (25.38 mg kg™%), Zn (64.88
mg kg™1) ve gévde N (%1.71), P (%0.17), K (%1.29), Mg (%0.22), Fe (159.13 mg kg?)
iceriklerine sahip oldugu belirlenmistir. Bu bulgular, solucan giibresi ve biyo-giibrenin
birlikte uygulanmasinin diger uygulamalara kiyasla kok ve gévdenin bitki besin icerigine
daha fazla katki sagladigini géstermektedir.

Anahtar Kelimeler: Cilek, solucan giibresi, biyo-giibre, besin elementleri, kok ve gévde
ABSTRACT

Strawberry cultivation in Turkey is increasing year after year, driven by its nutritional
value and economic significance. This growing popularity extends to organic
strawberries, with consumer demand witnessing a steady rise in recent years. To obtain
high yield and quality in organic strawberry cultivation, identifying and providing the
essential nutrients that the plants require is paramount. This study investigated the
effects of vermicompost application alone and in combination with biofertilizers
containing beneficial bacteria and mycorrhizae on the nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn), and manganese (Mn)
content in the root and stem of strawberry cv. Monterey. The field experiment was
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conducted in Mediterranean climate conditions in Osmaniye Province, Turkiye. Seven different treatments were applied,

including a control treatment with only water application, vermicompost treatment, and co-application treatments. Plants

treated with a combination of vermicompost and bio-fertilizer exhibited significantly higher nutrient content in their roots

and stems compared to those treated with vermicompost alone and controls. This combined treatment, containing

vermicompost and specific beneficial bacteria (Bacillus amyloliquefaciens, Bacillus pumilus, Bacillus subtilis, Bacillus

licheniformis, Bacillus megaterium, Trichoderma harzianum, and Trichoderma koningii), resulted in increased root levels of N
(1.04%), K (0.51%), Mn (25.38 mg kg'), and Zn (64.88 mg kg?). Similarly, stem nutrient content increased, showing higher
levels of N (1.71%), P (0.17%), K (1.29%), Mg (0.22%), and Fe (159.13 mg kg) compared to other treatments. These findings
suggest that the combined vermicompost and bio-fertilizer treatment provides higher nutrients in roots and stems compared

to other treatments.

Key Words: Strawberry, vermicompost, bio-fertilizer, nutrients, root and stem

Giris

Cilek (Fragaria x ananassa Duch.) essiz tat ve
dolayi
Uretimi giderek artan tGzimsi meyveler grubunun

aromasindan dinyada ve ulkemizde
en 6nemli Uyelerinden birisidir. Cilek tGretim alani
ve miktari, son yillarda dinyada ciddi bir artis
gostermistir. Diinya Gida ve Tarim Organizasyonu
verilerine goére 2022 vyilinda gilek Gretimi
9.569.864 ton olup, 3.354.803 ton ile Cin birinci,
1.261.890 ton
728.112 ton ile Uglncl sirada yer almaktadir
(FAO, 2024).

Cilek, seker, vitamin ve mineraller gibi ¢ok

ile Amerika ikinci ve Turkiye

cesitli besleyici bilesikler acisindan zengindir. lyi
bir C vitamini kaynagi olan gilek, karotenoidler,
fenolikler, antosiyaninler ve flavonoidler gibi kimi
bilesikleri de icerdiginden mikemmel bir dogal

antioksidan kaynagidir. Ayrica, belirli kanser
turlerini, kardiyovaskuler hastaliklari,
inflamasyonu, obeziteyi ve tip Il diyabeti
onleyebilen  serbest radikalleri  temizleme

konusunda oldukga yliksek bir kapasiteye sahiptir
(Giampieri ve ark., 2015; Skrovankova ve ark.,
2015; Morais ve ark., 2019; Zhao ve ark., 2021 ).
Cilek yetistiriciliginde verim ve meyve kalitesini
etkileyen en onemli faktorler, uygun cesit, iklim,
toprak yapisi ve bitkinin yeterli besin elementi
almasidir. Cilek bitkisinin yeterli besin elementi
almasi bitkinin blylmesini, gelisimini dolayisiyla
Bitki
yeterli besin alimi genetik yapi, uygulanan gibre

verimini olumlu etkilemektedir. koklerinin

ve kiltirel uygulamalar gibi bircok faktore

baglidir. Meyvelerde vyiiksek verim icin farkh

cevresel kosullar altinda yetistirilen g¢esitlerin

ihtiyac duydugu besin element miktari farkl
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olabilmektedir (Demirsoy ve ark., 2012).

Azot (N), fosfor (P), potasyum (K), magnezyum
(Mg), kalsiyum (Ca), demir (Fe), mangan (Mn) ve
(zn)
gereksinim

ginko cilek yetistiriciliginde en fazla

duyulan makro ve mikro
elementlerdir. Azot, yapraktaki nisastanin sentezi,
protein sentezi igin amino asitlerin Uretimi ve
dolayisiyla verimi i¢in gerekli oldugu gibi bitkilerin
vejetatif blylmesi icin de temel olarak gerekli
olan besin maddelerinden biridir (Kumar ve ark.,
2021). Fosfor, hicre bolinmesi, cicek ve meyve
olusumunda 6nemli rol oynar. Nikleik asitlerin,
onemli bir
karbonhidrat

metabolizmasi, enerji liretimi gibi cesitli hicresel

hicre zarlarinin ve enzimlerin

bilesenidir. Fotosentez,
surecler icin gereklidir (Trejo-Téllez ve Gomez-
Merino, 2014; Bolat ve Kara, 2017; Kumar ve ark.,
2021). Cilek bitkisi K iyi  bir
beslendiginde, daha fazla seker sentezleyebilir ve

ile sekilde
meyveler daha tath olur (Trejo-Téllez ve Gémez-
Merino, 2014). Kalsiyum, bitki hiicre duvarinin
tamamlayici bir pargasidir ve bu ylizden hiicre
duvari yapisini dizenleyen bitki besin elementi
olarak bilinmektedir. Ayrica Ca, meyve sertligi icin
¢ok onemli bir besindir (Trejo-Téllez ve Gomez-
Merino, 2014; Bolat ve Kara, 2017). Magnezyum,
yap!i tasidir.
Fotosentezde, protein sentezinde rol oynar (Bolat

klorofil, phytin ve pektinin
ve Kara, 2017). Demir, klorofil sentezi ve bazi
proteinler i¢in gerekli ve hiicre metabolizmasinda
onemli rol oynar. Cinko, klorofil ve karbonhidrat
Uretiminde ve enzim aktivitelerinde gorev yapar.
Ayrica blylime hormonlarinin (oksin hormonu)
olan bir Dbitki

ise bitkideki esas

katalizor olmasi ile birlikte klorofil sentezinde de

Uretimi icin gerekli besin

elementidir. Mangan rolu
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etkilidir (May ve Pritts, 1990; Ersoy ve Demirsoy

2006a; Bolat ve Kara, 2017).
Yetistiricilikte bitki

yapilmadan uygulanan kimyasal gilibreler zamanla

toprak ve analizleri

toprakta besin maddesi dengesinin bozulmasina

ylzey
sorunlarina yol agcmaktadir. Bu nedenle, cevreye

ve sularinin  kirlenmesi  gibi ¢evre

dost organik yontemlerle gilegin yetistiriciliginde
dretimi artirmak igin bitkinin besin elementi
ihtiyaci ile ilgili arastirmalarin artirilmasi son
derece 6nemlidir. Solucan gibresi ve biyo-gibre
gibi uygulamalar c¢evre dostu uygulamalardan
Solucanlarin uretilen

bazilaridir. aktivitesiyle

solucan gubresi, makro ve mikro besin

elementleri, vitaminler, proteazlar, amilazlar,
lipaz, sellloz ve kitinaz gibi enzimler ve hareketsiz
mikroflora agisindan zengindir. Daha az su
kullanimi ve daha az yabani ot bilylimesi tarimsal

kullaniminin
(Olle, 2019).
Ayrica, topragin fiziksel, kimyasal ve biyolojik
bitki

artirdig

uretimde solucan glbresi

faydalarindan sadece birkagidir
ozelliklerini iyilestirdigi

ve gelismesini

artirarak ¢ilek verimini arastiricilar
2015;

Srivastav ve ark., 2018; Ramnarain ve ark., 2019).

tarafindan bildirilmistir (Joshi ve ark.,

Tarimda mikrobiyal glibre veya biyo-glibre
olarak da tanimlanan ve bitki gelisimini tesvik
eden rizobakteriler (PGPR), bitkilerde abiyotik
stres toleransi, besin elementi baglanmasi [azot
baglanmasi ve fosfor ¢oziclligu] gibi etkilerinin
oldugu bildirilmistir (imriz ve ark., 2014; Nadeem
ve ark., 2014; Lu ve ark., 2020). Biyo-giibreler,
bitki Indol-3-Asetik Asit (IAA) ve
sitokinin Uretimi, bitki blnyesinde gibberelinin

blnyesinde

tesvik edilmesi, ucucu organik bilesiklerin Gretimi,
bitki
glukanaz

hastaliklarinin ~ 6nlenmesi i¢cin  kitinaz,

ve ACC-deaminaz gibi koruma

enzimlerinin Uretimi gibi etkileriyle bitki gelisimini
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desteklemektedir (Vejan ve ark., 2016). Ayrica,
bitkilerin topraktan daha fazla su ve besin
maddelerinden yararlanmalari, kok gelisimini
desteklemesi, sistemik dayaniklihg! artirmasi, yer
yarisl hastalik
baskilayabildigi gibi etkilerinin oldugu bildirilmistir
2014; Basu ve ark., 2017;
Emmanuel ve Babalola, 2020).

ve besin ile etmenini

(imriz ve ark.,

Organik cilek yetistiriciliginde bitki blylmesi,
verim ve meyve kalitesini etkileyen en 6nemli
faktorlerden birisi bitkinin optimum gelisimi igin
elementlerini
ile bitki
koklerinin topraktaki besin elementlerini alim

gereksinim  duydugu besin

alabilmesidir. Organik uygulamalar
etkinligini artirmak ¢ok 6nemlidir. Bu c¢alismada
Monterey cilek ¢esidine solucan glibresi tekli ve
bes farkli biyo-giibre ile (bakteri-mikorizal spor)
birlikte uygulanarak bitkinin kék ve godvdenin
besin elementi icerigi Uizerine etkisi incelenmistir.

Materyal ve Metot

Materyal

Deneme 2019-2020 yili yetistirme sezonunda
Korkut Ata Universitesi deneme
alaninda yarGtilmustir (37.0408458N,
36.2204845E). Bu bolge Akdeniz iklimine sahip
olup denizden yiiksekligi 121 m'dir. Deneme alani

Osmaniye

aylik iklim verileri olarak Osmaniye Meteoroloji
2019 2020 il
kullanilmistir. Deneme siresince en dusuk sicakhk
-4.8 °C ile 2020 yili subat ayinda, en vyuksek
sicaklik ise 41.8 °C ile 2020 yili mayis ayinda
(Cizelge 1).
yarGtildiga 2020 yilinda toplam 696 mm yagis

Madurliga ve kayitlari

Denemenin

gerceklesmistir

dismius ve yagisin 6nemli bir kismi Mart ve Mayis
aylari arasinda gerceklesmistir.
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Cizelge 1. Denemenin ylrtttldigid 2019 ve 2020 yillarina ait iklim verileri
Table 1. The climate conditions during the 2019-2020 growing period

iklim 6zellikleri il Aylar/ Months

Climatic features Year 1 2 3 4 5 6 7 8 9 10 11 12
Maks. Sicakhk (°C) 2019 17.9 219 269 32.2 39.1 37.5 38.7 399 37.7 385 30.5 20.9
Max. Temp. (°C) 2020 18.2 22.9 27.6 30.1 41.8 39.4 40.6 43.6 46.9 36.8 28.0 22.5
Min. Sicakhk (°C) 2019 -0.1 35 2.0 6.8 12.0 17.2 18 20.9 153 144 7.0 4.7
Min. Temp. (°C) 2020 -0.7 -48 35 59 123 16.1 22.1 20.0 198 160 46 1.6
Ort. Sicaklik (°C) 2019 9.5 119 135 169 242 267 28 29.4 269 239 17.8 115
Mean Temp. (°C) 2020 9.3 10.1 15.2 17.7 229 250 29.6 29.7 20.7 25.2 16.1 13.2
Toplam Yagis (mm) 2019 316.6 53.2 121.2 36.6 3.2 44.6 27.2 258 33.8 282 24.0 210.8
Precipitation (mm) 2020 54.6 92.0 182.4 123 1262 1.8 0.0 25 9.4 7.8 314 424
Nem (%) 2019 66.3 63.7 66.2 642 526 68 67.6 65.1 58.5 57.6 469 75.0
Humidity (%) 2020 619 58.1 669 66.7 583 63.8 66.1 59.2 57.1 74.5 53.3 53.9

Denemede, Kaliforniya Universitesi tarafindan edilen Ekosolfarm, %100 organik solucan

islah edilen Monterey cilek ¢esidi kullaniimistir
(Shaw ve Larson, 2009). Orta derecede notr giin
cesidi olan Monterey, seckin bir aromaya sahiptir.
Mildiyd’ye karsl hassastir. Erkenci olmasi yani sira
bitki yapisi cok glclidir (Turemis ve Agaoglu,
2013). Gahsmada tabandan kati solucan glibresi
ve Ustten sivi solucan glibresi (EkosolFarm) tek
basina ve faydali bakteriler, funguslar iceren biyo-
birlikte
Kaliforniya kultir solucanlarinin diskilarindan elde

glbreler ile uygulanmistir.  Kirmizi

glibresidir. Solucan glibresi %35 organik madde,
%1.2 azot (N), %1 organik azot, %20 toplam hiimik
ve fulvik asit icermektedir. Ekosolfarm sivi solucan
gubresinin %7 toplam organik madde, %1 azot,
%6 toplam humik fulvik asit icerdigi bildirilmistir
(Anonim, 2023). Calismada ticari adi RhizofFill,
Subtima, Fontera microzone, Endo Roots Soluble
(Mikoriza) ve Bontera olan bes farkli biyo-glbre
kullanilmistir (Cizelge 2).

Cizelge 2. Biyo-gibrelerin icerdikleri canli mikroorganizmalar ve konsantrasyonlari
Table 2. Live microorganisms contained in bio-fertilizers and their concentrations

Biyo-giibreler

Mikroorganizmalar ve konsantrasyonlari

Bio-fertilizers Microorganisms and their concentrations
RhizoFill Bacillus subtilis, Bacillus megaterium, Pseudomonas fluorescens (1x10°cfu/ml)
Subtima Bacillus subtilis (1x10°cfu/ml)

Azosprillium  brasilense,

Fontera microzone

Azotobacter
Pseudomonas fluorescens, Bacillus subtilis, Bacillus licheniformis, Azotobacter

vinelandii,  Rhizobium trifollii,

chroococcum, Bacillus amyloliquefaciens, Macillus mucilaginosus (5x102 cfu/g)

Glomus intraradices (%25), Glomus mosseae (%24), Glomus aggregatum (%1),

Endo Roots Soluble

Glomus clarum (%1), Glomus monosporum (%1), Glomus deserticola (%1),

(Mikoriza) Glomus brasilianum (%1), Glomus etunicatum (%1), Gigaspora margarita (%1)
Bacillus amyloliquefaciens, Bacillus pumilus, Bacillus subtilis, Bacillus
Bontera licheniformis, Bacillus megaterium, Trichoderma harzianum, Trichoderma
konigii (1.2x108cfu/ml)
Denemede kullanilan  uygulamalar asagida Ta: Kati solucan gibresi taban (Ekosolfarm)+Sivi
verilmistir. solucan glibresi Ustten (Ekosolfarm)+ Subtima

T1: Glbresiz (kontrol) sadece su verilmistir.

T,: Kati solucan glibresi taban (Ekosolfarm)+Sivi
solucan glbresi Ustten (Ekosolfarm)

T3: Kati solucan gibresi taban (Ekosolfarm)+Sivi
solucan gibresi Ustten (Ekosolfarm) + RhizoFill
(1x10°cfu/ml)
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(1x10°cfu/ml)

Ts: Kati solucan gibresi taban (Ekosolfarm)+ Sivi
solucan gibresi Ustten (Ekosolfarm)+ Fontera
microzone (5x108 cfu/g)

Te: Kati solucan gibresi taban (Ekosolfarm)+ Sivi

solucan glibresi Ustten (Ekosolfarm) +Mikoriza
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(ERS) (1x10%cfu/g)

T7: Kati solucan gibresi taban (Ekosolfarm)+ Sivi
solucan glbresi tstten (Ekosolfarm)

+Bontera (1.2x108cfu/ml)

Metot
Deneme, tesadlif bloklari deneme desenine
gore 4 tekerrirll ve her tekerriirde 20 bitki olacak

Cizelge 3. Deneme alanina ait bazi toprak 6zellikleri
Table 3. Some of soil properties for the experimental site

sekilde kurulmustur. Deneme alani topraklari hafif
alkali ve tin blinyeye sahiptir (Cizelge 3). Toprak
pH’sini distirmek amaciyla toz kikirt (50 kg da?)
topraga kiikirt topraga
uygulandiktan sonra, sedde yapilmis ve damla

uygulanmistir. Toz

sulama borulari yerlestirilmis ve siyah polietilen
malgla toprak yuzeyi kaplanmistir.

Toprak ozellikleri Birim Degerleri
Soil Properties Unit Values

Blinye Tin

pH 7.9
Elektriksel iletkenlik dSm™ 1.45
Kireg (%) % 37.13
Organik madde (%) 0.51
P 5.89

K 134

Ca 7033

Mg 358

Na mg kg™! 56

Fe 1.99

Cu 1.16

Mn 0.94

Zn 0.28

Kontrol hari¢ (T1), diger uygulamalarda fide kurutulmustur. Kurutulan o6rnekler porselen

dikimi sirasinda bitki basina 30 gram grandl
AMF
sporu iceren Te uygulamasinda ise fide dikimi

solucan glbresi topraga karistiriimistir.
sirasinda her fide icin 0.2 g mikoriza (ERS) topraga
karistirilarak bir kez uygulanmistir. Taze ¢ilek
fideleri Kasim 2019’da li¢gen dikim yontemiyle
30x30 cm araliklarla dikilmistir. Dikimden bir hafta
sonra baslamak Ulzere Uretim sezonu boyunca 15
giinde 1 kez olmak tizere 2 L da™ olacak sekilde
sivi solucan gibresi ve 1 ml L™! olacak sekilde de
diger gibreler hazirlanip verilmistir. Kontrole
sadece su verilmistir. Fideleri kis soguklarindan
korumak amaciyla aralik ayinda polietilen algak
tinel kurulmus, mart ayinda havalarin isinmasi ile
birlikte kaldiriimistir.

Deneme 2020 yili Mayis ayr sonuna kadar
devam etmistir. Mayis ayl sonunda kok ve
govdede N, P, K, Ca, Mg, Fe, Zn ve Mn analizleri
yapilmistir. Uygulamalarin her tekerririinden on
bitkinin kok ve govdesi cesme suyunda yikanip 2
kez saf sudan gecirilmistir. Kok ve govdeler etiivde
65 °C'de sabit kadar

agirhga  gelinceye
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havanda 6gltlldikten sonra 550 °C’'de 6 saat
sureyle yakilmistir. P, K, Ca, Mg, Fe, Zn ve Mn
analizi icin kuru yakma yontemi, N analizi igin
Kjeldahl yas yakma yontemi uygulanmistir. K, Ca,
Mg, Fe, Zn ve Mn okumalari atomik absorpsiyon
spektrometrede, P 6lciimleri spektrofotometrede
(Jones, 2001)’ e gore yapiimistir.

Arastirma sonucunda elde edilen verilerin
varyans analizi MSTAT-C istatistik paket programi
kullanilarak yapilmistir. Ortalamalar arasindaki
fark LSD testi kullanilarak analiz edilmistir. Ayrica,
elde edilen veriler arasindaki iliskiler korelasyon
analizi ile belirlenmistir.

Arastirma Bulgulari ve Tartisma

K6k makro besin element icerikleri (%)

Solucan glbresinin tek basina ve diger

uygulamalar ile birlikte kullaniminin kék N

icerigine etkisi istatistiksel olarak ©6nemlidir
(p<0.05) (Sekil 1). Cilek kok N icerigi, uygulamalara

bagl olarak %0.90 (T1) ile %1.04 (T;) arasinda
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degismistir. Taylor ve Harrier (2001), mikoriza
uygulamalarinda Elvira gilek c¢esidinin kdk N
iceriginin %0.46 ile %1.10 arasinda degistigini
bildirmislerdir. Demirsoy ve ark. (2012), Camarosa
ve Sweet Charlie ¢ilek c¢esitlerinin organik ve
konvensiyonel vyetistiriciligi ve iki farkli malgin
etkisini arastirdiklari calismada, Sweet Charlie
cilek c¢esidinde kok N igeriginin organik
yetistiricilikte %0.62 ile %1.01 arasinda degistigini
bildirmislerdir.

Solucan gubresinin tek basina ve biyo-glbreler
ile birlikte uygulamalarinda kok N igerigi, kontrole
gore daha yuksektir. Kok N igerigindeki artisg, bu
uygulamalarin bitkinin topraktan daha kolay ve

1.80
1.60
1.40
1.20

1.00

Azot (%)
Nitrogen (%)

0.80

0.60

0.40

0.20

0.00

daha fazla su ve N elementi alimi ile iliskili olabilir.
Nitekim, imriz ve ark. (2014), bitki biyimesini

tesvik eden  rizobakterilerin en  Onemli

Ozelliklerinden birisinin atmosferdeki serbest
azotu baglayabilmesi oldugunu, azotu baglayan
nonsimbiyotik bakterilerden bazilarinin
Azotobacter, Acetobacter, Azospirillum, Bacillus,
clostridium, Corynebacterium, Derxia,
Enterobacter, Klebsiella, Pseudomonas oldugunu;
Beer ve Singh (2015) bitkide besin elementi
artisinin  biyolojik azot fiksasyonu ve enzim
kompleksi Uretiminin, besin elementi formunu
forma  gelmis

¢Ozlindirip  kullanilabilecek

olabilecegini bildirmislerdir.

P=0.010
LSD:0.07

i

ab ab ab a
| I I i I l
T2 T3 T4 T5 T6 7 4

Kok (Root)

Sekil 1. Uygulamalarin gilegin kék azot icerigine etkisi

Figure 1. The effect of treatments on the nitrogen content of strawberry root

LSD testine gore %5 diizeyinde dnemli farklihk gosteren ortalamalar farkh harflerle gosterilmistir. T1:
Glbresiz (kontrol); T2: Solucan giibresi; T3: Solucan glibresi+RhizoFill; Ta: Solucan giibresi+Subtima; Ts:
Solucan glibresi+Fontera microzone; Ts: Solucan giibresi+Mikoriza (ERS); T7: Solucan giibresi+Bontera

Solucan gibresinin tek basina ve biyo-glbreler
ile birlikte uygulamalarinin kdk P icerigi (izerine
etkisi istatistiksel olarak o6nemli bulunmustur
(p<0.05) (Sekil 2). Bitkinin en yuksek kok P icerigi
T7, Te ve Ta uygulamalarinda sirasiyla %0.11,
%0.11 ve %0.10 iken, kontrolde (T1) en disuk
(%0.08) tespit edilmistir (Sekil 2). Kok P icerigini
Taylor ve Harrier (2001), yaptiklari c¢alismada
Elvira %0.05-0.12
Demirsoy ve ark. (2010), Sweet Charlie gilek
cesidinde %0.22-0.52 arasinda; Demirsoy ve ark.

cilek cesidinde arasinda;
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(2012), yaptiklari calismada %0.19-0.29 arasinda;
Soppelsa ve ark. (2019), %0.13-0.18 arasinda;
(2023), 9%0.08-0.05
arasinda degistigini bildirmislerdir.

Balci hasat doneminde
Solucan glibresinin tek basina ve biyo-gibreler
birlikte kok P icerigi,

kontrolden yiksek cikmistir.  Fosfatin

uygulamalarinda
daha
formlarini

ile
¢Ozlinebilir formlara
etkili oldugu,
polymyxa,  B.
megatarium, Pseudomonas striata, P. rathonia,

¢6ziinmeyen

donistirmede biyo-glibrelerin

Bacillus  subtilis, Bacillus
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Rhizobium leguminosarum organik asit Ureterek
fosforu ¢ozebilen bakteriler oldugu bildirilmistir
(imriz ve ark., 2014; Nosheen ve ark., 2021).
Sweet Charlie cilek cesidinde, organik glbrelerin
biyo-giibreler ile birlikte uygulamalarinin bitki
blylime parametrelerini 6nemli dlclide etkiledigi
belirtilmistir. Bitki blylmesindeki artigin, organik

uygulamalarin topraktaki faydal

mikroorganizmalarin aktivitelerini arttirmasiyla
iliskilendirilmis olup, bu durumun buyimeyi tesvik
eden maddelerin Uretimini artirarak bitkinin
blylme silireci boyunca daha uzun slre besin
kaynaklanmis

bulunabilirligini  saglamasindan

olabilecegi bildirilmistir (Soni ve ark., 2018).

0.18 - P=0.000
LSD:0.01
0.16
~ 014
3
9\1‘§ 0.12 + . a a
S 8 | b b b
T8 0.1 .
L o
= 0.08
0.06 [
0.04
0.02 +
0
T1 T2 T3 T4 T5 T6 7

Sekil 2. Uygulamalarin gilegin kék fosfor igerigine etkisi

Kok (Root)

Figure 2. The effect of treatments on phosphorus content of strawberry root

LSD testine gore %5 diizeyinde 6nemli farklilik gésteren ortalamalar farkli harflerle gésterilmistir. Ti:
Glbresiz (kontrol); T2: Solucan gibresi; T3: Solucan giibresi+RhizoFill; Ta: Solucan giibresi+Subtima; Ts:
Solucan gilibresi+Fontera microzone; Te: Solucan glibresi+Mikoriza (ERS); T7: Solucan glbresi+Bontera

Solucan gibresinin tek basina ve biyo-glbreler
ile birlikte uygulamalarinin kék K icerigi Gzerine
etkisi istatistiksel olarak 6nemli ¢cikmistir (p<0.05)
(Sekil 3). Denemede kokte en yiksek K icerigi
%0.51 ile Tz uygulamasinda belirlenmistir. Solucan
glibresinin tek basina ve diger uygulamalarla

birlikte kullaniminda kok K igerigi kontrolden (T1)
(%0.43) daha yiliksek g¢ikmistir. Demirsoy ve ark.
(2010), yaptiklari galismada kok K iceriginin %0.62
ile %1.03 arasinda; Soppelsa ve ark. (2019),
%0.39-0.59 arasinda degistigini bildirmislerdir.
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Sekil 3. Uygulamalarin gilegin kok potasyum icerigine etkisi

Figure 3. The effect of treatments on the potassium content of strawberry roots

LSD testine gore %5 diizeyinde dnemli farklilik gbsteren ortalamalar farkli harflerle gosterilmistir. T1:

Glbresiz (kontrol); T2: Solucan giibresi; Ts: Solucan giibresi +RhizoFill; Ta: Solucan giibresi+Subtima; Ts: Solucan
gubresi+Fontera microzone; Te: Solucan glibresi+ Mikoriza (ERS); T7: Solucan glibresi+Bontera

Kokte
arasindaki

Ca icerigi
fark istatistiksel

bulunmasa da en yiliksek Ca icerigi %1.95 ile T

acisindan, uygulamalar

olarak onemli
uygulamasinda belirlenmistir (Cizelge 4). Soppelsa
(2019), vyaptiklari galismada kok Ca
% 1.60-1.97 arasinda; Balcl (2023),
Albion cilek cesidinde kokte Ca igeriginin hasat
% 1.53-3.06 arasinda degistigini
bildirmislerdir.

ve ark.
iceriginin

doneminde

Cilek bitkisinin kok Mg icerigi istatistiksel olarak

onemli bulunmustur (p<0.05). Kokte en yiiksek
Mg icerigi Tz (%0.14) Te (%0.14)
uygulamalarinda, en disiik ise %0.11 ile kontrolde

ve

(T1) tespit edilmistir (Cizelge 4). Ersoy ve Demirsoy
(2006a), yaptiklari calismada Camarosa cilek
cesidinde kok Mg igerigi %0.15-0.23 arasinda,
Soppelsa ve ark. (2019), yaptiklari ¢alismada kok
Mg igeriginin % 0.21-0.26 arasinda degistigini
bildirmislerdir.

Cizelge 4. Uygulamalarin cilegin kok kalsiyum, magnezyum, demir, mangan ve cinko icerikleri tizerine etkisi
Table 4. The effect of treatments on the calcium, magnesium, iron, manganese and zinc contents of strawberry roots

Uygulamalar

Tregtments Ca (%) Mg (%) Fe (mgkg™) Mn (mgkg™) Zn (mg kg™)

T 1.77 0.11b 267.88 20.00d 48.00 ¢

T 1.82 0.11b 297.50 20.75 cd 53.88 bc

Ts 1.81 0.12b 283.25 21.25 cd 56.50 b

Ta 1.76 0.12b 310.63 24.63 ab 54.88 bc

Ts 1.82 0.11b 292.38 22.50 bed 57.50 ab

Te 1.84 0.14a 301.25 22.88 abc 51.50 bc

T 1.95 0.14a 309.13 25.38a 64.88 a
O;\tﬂa;:a 1.82 0.12 294.57 22.48 55.31
LSDo.0s 0.D 0.02 0.D 2.60 7.79
P 0.171 0.004 0.072 0.006 0.014

LSD testine gére %5diizeyinde dnemli farklilik gdsteren ortalamalar farkl harflerle gdsterilmistir. O.D: Onemli degil. Ti:
Gubresiz (kontrol); T2: Solucan gibresi; Ts: Solucan glbresi +RhizoFill; Ta: Solucan glbresi+Subtima; Ts: Solucan
glbresi+Fontera microzone; Te: olucan glibresi+ Mikoriza (ERS); T7: Solucan gibresi+Bontera
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K&k mikro besin element icerikleri (mg kg™)
Kok Fe igerigi
¢tkmasa da uygulamalar arasinda en yiksek Fe

istatistiksel olarak 6nemli
icerigi 309.13 mg kg ile T7 uygulamasinda, en
disik Fe icerigi ise 267.88 mg kg™ ile kontrolde
(T1) belirlenmistir (Cizelge 4). Demirsoy ve ark.
(2012), tarafindan Eylil ve Nisan ayl arasinda
yapilan calismada yetistirme uygulamasi olarak,
klasik parsellerdeki bitkilere amonyum siilfat (bitki
basina 3g) uygulanmis, organik parsellerde ise
bitki basina 40 ml organik giibre (%10 N, %15 KO,
%0,2 Mn, %0,6 Fe, %0,3 Zn ve %0,2 MgQO) ve
humik asit uygulamasi yapilmistir. Yapilan ¢alisma
sonucunda, Sweet Charlie gilek gesidinde kok Fe
iceriginin organik yetistiricilikte 400.6-540.3 mg
kg arasinda, konvansiyonel vyetistiricilikte ise
430.6-518.1 kg™?
bildirmislerdir. Bitkideki besin element igerikleri

mg arasinda  degistigini
uygulamalara, uygulama yodntemlerine, dozlara,
cilek cesitlerine ve deneme alaninin ekolojik
kosullarina bagl olarak degisebilmektedir.
Solucan gibresinin tek basina ve biyo-glbreler
ile birlikte uygulamalarinin kok Mn igerigi Gizerine
etkisi istatistiksel olarak 6nemli ¢ikmistir (p<0.05).
Denemede kdk Mn igerigi, uygulamalara bagh
olarak 20.00 mg kg™ (T1) ile 25.38 mg kg™ (T7)
arasinda degismistir (Cizelge 4). May ve ark.
(1994), Earliglow cilek gesidinde kok Mn igeriginin
50-120 mg kg ! arasinda degistigini bildirmislerdir.
Yapilan bir ¢alismada, kimyasal glibre kullanilarak
yetistirilen Camarosa c¢ilek cesidinde kdk Mn
iceriginin 45.7-215.2 mg kg arasinda oldugu
bildirilmistir (Ersoy ve Demirsoy 2006a). Demirsoy
ve ark. (2012), yaptiklari calismada Sweet Charlie
kok Mn iceriginin
15.7-74.3 kg™
konvansiyonel yetistiricilikte ise 14.4-48.6 mg kg™

cilek cesidinin organik

yetistiricilikte mg arasinda,

arasinda; Camarosa cilek cesidinde ise organik

yetistiricilikte 15.6-93.4 mg kg! arasinda,
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konvansiyonel yetistiricilikte 48.6-94.8 mg kg™
arasinda degistigini bildirmislerdir. Bu ¢alismada
kék  Mn bulduklari
degerden disiuk c¢ikmasinin nedeni kullanilan

iceriginin  arastiricilarin
glbrelerin farkhligindan kaynaklanmis olabilir.

Solucan glibresinin tek basina ve biyo-gibreler
ile birlikte uygulamalarinin kok Zn igerigi Gzerine
etkisi istatistiksel olarak o6nemli bulunmustur
(p<0.05). En yiksek kdk Zn icerigi 64.88 mg kg™
ile T7 uygulamasinda, en dustk ise 48.00 mg kg™
ile kontrolde (T1) saptanmistir (Cizelge 4). Balci
(2023), Albion gilek gesidinde kodkte Zn igeriginin
hasat déneminde 50.70-72.45 mg kg™ arasinda
degistigini bildirmistir.

Gévde makro besin element icerikleri (%)

Solucan glibresinin tek basina ve biyo-gibreler
ile birlikte uygulamalarinin gévde N igerigi Gizerine
etkisi istatistiksel olarak o6nemli bulunmustur
(p<0.05) (Sekil 4). Cilek bitkisi govde N icerigi
uygulamalarda (T2, Ts, Ta, Ts, Te ve T7) kontrole
gore daha ylksek cikmistir. Govdede en yiksek N
icerigi Tz (%1.71) uygulamasinda, en disik N
icerigi ise % 0.91 ile kontrolde (T1) tespit edilmigstir
(Sekil 4). Taylor ve Harrier (2001), Elvira cilek
cesidinde mikoriza uygulamalarinda govde N
iceriginin % 0.96-1.33 arasinda degistigini; Ersoy
ve Demirsoy (2006b), Camarosa ¢ilek g¢esidinde
govde N igeriginin %0.82 ile %1.98 arasinda
degistigini; Demirsoy ve ark. (2012), Camarosa ve
Charlie
konvansiyonel vyetistiriciligi ve iki farkli malgin

Sweet cilek c¢esidinin organik ve

etkisini arastirdiklari ¢galismada, gévde N igeriginin
%0.82-1.14 arasinda degistigini
Ayrica, Ersoy ve Demirsoy (2006b), N iceriginin

bildirmislerdir.

bitkinin tim kisimlarinda (yaprak, gévde ve kok)
meyve tutum doneminden hasat sonuna kadar
azaldigini bildirmislerdir.
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Sekil 4. Uygulamalarin gilegin gbvde azot icerigine etkisi

Figure 4. The effect of treatments on the nitrogen content of strawberry stem

LSD testine gbre %5 diizeyinde dnemli farkllik gésteren ortalamalar farkli harflerle gésterilmistir. Ti:
Gubresiz (kontrol); T2: Solucan glibresi; T3: Solucan glbresi+RhizoFill; T4: Solucan gilibresi+Subtima; Ts:
Solucan gubresi+Fontera microzone; Tes: Solucan glibresi+Mikoriza (ERS); T7: Solucan glibresi+Bontera

Solucan giibresinin tek basina ve biyo-glbreler
ile birlikte uygulamalarinin govde P igerigi lizerine
etkisi istatistiksel olarak 6nemli ¢cikmistir (p<0.05).
Uygulamalar arasinda en yiksek goévde P igerigi
%0.17 ile T7 uygulamasinda, en dusuk P igerigi ise
%0.12 ile kontrolde (T1) belirlenmistir (Sekil 5).
Taylor ve Harrier (2001), Elvira cilek cesidinde
govde P iceriginin %0.08-0.16 arasinda degistigini
ve en distk P iceriginin kontrolde oldugunu
(%0.08), Demirsoy ve ark. (2010), Sweet Charlie
cilek cesidinde govde P igeriginin %0.21-0.48
(2012), yaptiklari
¢alismada govde P igeriginin %0.25-0.34 arasinda

arasinda, Demirsoy ve ark.
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degistigini bildirmislerdir. Ayrica, Balc (2023),
kire¢ stresi kosullarinda yetistirilen Albion gilek
cesidinde mikoriza uygulamasinin  etkilerini
arastirdigl calismada, govde P igeriginin hasat
%0.08-0.14

bildirmistir. Solucan glibresinin tek basina ve biyo-

doneminde arasinda  degistigini
glbreler ile birlikte uygulamalarinda govde P
icerigi, kontrolden daha yiksek c¢ikmistir. Biyo-
glibrelerin atmosferdeki azotu bagladig, bitkilerin
alimi igin ¢6ziinmeyen fosforu ¢ozlnir fosfora
dontstirdagi, toprak verimliligini ve biyolojik
aktiviteleri artirdig1 bildirilmistir (Kumar ve ark.,
2020).
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Sekil 5. Uygulamalarin gilegin govde fosfor igerigine etkisi

Figure 5. The effect of treatments on phosphorus content of strawberry stem

LSD testine gore %5 dizeyinde onemli farklilik gosteren ortalamalar farkh harflerle gosterilmistir. T1: Glibresiz
(kontrol); T2: Solucan gilbresi; Ts: Solucan gubresi+RhizoFill; Ts: Solucan glbresi+Subtima; Ts: Solucan
glibresi+Fontera microzone; Ts: Solucan gibresi+Mikoriza (ERS); T7: Solucan glibresi+Bontera

Solucan gubresinin tek basina ve biyo-glbreler
ile birlikte uygulamalarinin gévde K igerigi Gizerine
olarak onemli bulunmustur

etkisi istatistiksel

(p<0.05). Cilek govde K igerigi, uygulamalara bagli

olarak ile arasinda

%1.14 (T41) %1.29 (T7)
degismistir (Sekil 6). Demirsoy ve ark. (2010),
Sweet Charlie ¢ilek gesidinde govde K igeriginin

%0.64-1.35 arasinda degistigini bildirmislerdir.
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Sekil 6. Uygulamalarin gilegin gévde potasyum igerigine etkisi

Figure 6. The effect of treatments on the potassium content of strawberry stem

LSD testine gore %5 dizeyinde 6nemli farklilik gbsteren ortalamalar farkli harflerle gosterilmistir. T1:
Gubresiz (kontrol); T2: Solucan glibresi; Ts: Solucan glbresi +RhizoFill; T4: Solucan giibresi+Subtima; Ts:
Solucan glibresi+Fontera microzone; Te: Solucan glibresi+ Mikoriza (ERS); T7: Solucan glbresi+Bontera

Cilek bitkisinin gévde Ca icerigi uygulamalara
gore degisiklik gostermistir ancak bu degisim
istatistiksel olarak ©6nemsiz c¢ikmistir (p>0.05)
(Cizelge 5). Govdede en yiksek Ca icerigi %2.03 ile

T4 uygulamasinda bulunurken, en disik %1.86 ile
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T1 uygulamasinda tespit edilmistir. Demirsoy ve
(2010),
iceriginin %0.33 ile %1.74 arasinda degistigini
bildirmislerdir. Cilek bitkisinin govde Mg igerigi
istatistiksel olarak 6nemli bulunmustur (p<0.05).

ark. yaptiklari calismada govde Ca
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Bitkinin gbvde Mg icerigi, uygulamalara bagh
%0.18 (T1) ile %0.22
degismistir (Cizelge 5). Ersoy ve Demirsoy (2006a),

olarak (T7) arasinda

yaptiklari calismada Camarosa cilek cesidinde
govde Mg iceriklerinin %0.09 ve %0.19 arasinda
degistigini bildirmiglerdir.

Cizelge 5. Uygulamalarin gilegin gévde kalsiyum, magnezyum, demir, mangan ve ginko igerikleri lizerine etkisi
Table 5. The effect of treatments on the calcium, magnesium, iron, manganese and zinc contents of strawberry stem

Uygulamalar

Treatments Ca (%) Mg (%) Fe (mgkg™)  Mn(mgkg™) Zn (mgkg™)
T 1.86 0.18 ¢ 128.54 d 913 ¢ 5438 d
T, 1.97 0.20 ab 139.25 be 11.75 b 67.25 be
T3 1.91 0.19 be 141.88 be 14.88 a 77.95a
T 2.03 0.20 ab 141.13 be 12.17b 59.38 cd
Ts 1.98 0.20 ab 136.63 ¢ 12.24b 65.38 be
To 1.89 0.19 be 145.38 b 13.75 ab 70.75 ab
T7 2.00 0.22 a 159.13 a 15.75a 78.85 a
Ortalama 1.95 0.20 141.71 12.81 67.71
Mean
LSDoos 0.0 0.02 771 217 10.48
p 0.068 0.034 0.000 0.001 0.002

LSD testine gére %5diizeyinde &nemli farkliik gdsteren ortalamalar farkli harflerle gésterilmistir. 0.D: Onemli degil. Ti:
Gubresiz (kontrol); T2: Solucan gibresi; Ts: Solucan glbresi +RhizoFill; Ta: Solucan glbresi+Subtima; Ts: Solucan

gubresi+Fontera microzone; Te: olucan glibresi+ Mikoriza (ERS); T7:

Solucan glibresi+Bontera

Gévde mikro besin element icerikleri (mg kg™*)

Cizelge 5'te goruldugl gibi govde Fe icerigi
istatistiksel olarak énemli bulunmustur (p<0.05).
Bitkinin gdvde Fe icerigi uygulamalarda (T2, T3, Ta,
Ts, Te ve T7) kontrole (T1) gore daha yiksek
cikmistir. En ylksek govde Fe igerigi 159.13 mg
kg™* ile T; uygulamasinda tespit edilmistir. Taylor
ve Harrier (2001) ve Ersoy ve Demirsoy (2006a),
yaptiklari arastirmalarinda kdék Fe igerigini, govde
Fe iceriginden daha ylksek bulmuslardir. Bu
calismada da kokteki Fe icerigi govdeden daha
yuksek ¢cikmistir. Albregts ve Howard (1980), Fe'in
en fazla gbvde ve koklerde biriktigini, bu durumun
Kessel (2003) ve Ersoy ve Demirsoy (2006a), Fe’in
immobil ve hareketinin yavas olmasindan
kaynaklanmis olabilecegini bildirmislerdir.

Solucan gubresinin tek basina ve biyo-glbreler
ile birlikte uygulamalarinin gévde Mn icerigi
Uzerine etkisi istatistiksel olarak dnemli ¢ikmistir
(p<0.05). En yiksek Mn icerigi T7 (15.75 mg kg™)
ve T3 (14.88 mg kg™) uygulamalarinda en dusuk
ise 9.13 mg kg ile kontrolde (Ti) oldugu
belirlenmistir (Cizelge 5). Demirsoy ve ark. (2012),
yaptiklari ¢calismada Sweet Charlie ¢ilek cesidinde
govde Mn iceriginin organik yetistiricilikte 60.3-
79.7 mg kgt
yetistiricilikte ise 80.6-89.5 mg kg arasinda;

arasinda, konvansiyonel
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Camarosa cilek cesidinde organik yetistiricilikte
36.5-41.5 mg kgt
yetistiricilikte ise 48.4-53.3 mg kg arasinda

arasinda, konvansiyonel

degistigini bildirmislerdir. Bu
bulduklari

¢ikmasinin nedeni kullanilan giibre, dozlar ve

¢alismada

arastiricilarin degerden  dusuk
uygulama seklindeki farkhliklardan kaynaklanmis
olabilir.

Solucan glibresinin tek basina ve biyo-gibreler
ile birlikte uygulamalarinin govde Zn
etkisi
bulunmustur (p<0.05). En yiksek govde Zn icerigi
T, (78.85 mg kg) ve T3 (77.95 mg kg™)
uygulamalarinda en dislik ise kontrolde (T1:54.38
mg kg™') belirlenmistir (Cizelge 5). Balc (2023),
yaptigi calismada Albion cilek cesidinde gdvde Zn

icerigi

Uzerine istatistiksel olarak Anemli

iceriginin hasat déneminde 12.5-67.3 mg kg™
arasinda degistigini bildirmistir.

Solucan glbresinin tek basina ve biyo-
glbrelerle birlikte uygulamalarinin kék ve gévde
besin elementleri arasindaki iliskilere ait
korelasyon katsayilari(r) ve ©nem seviyeleri
Cizelge 6’da verilmistir. Cilek bitkisinin kok N
icerigi ile govde N (r=0.818%*), kdk P (r=0.819%*),
govde P (r=0.803*), kok K (r=0.861*), govde K
(0.898**), kok Mg (r=0.811*), govde Fe

(r=0.946**), govde Mn (r=0.954*%*), kok Zn
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(r=0.759%*) ve govde Zn (r=0.839*) icerigi arasinda
onemli ve pozitif iliskiler tespit edilmistir. Cilek
bitkisinin govde N igerigi ile kok P (r=0.927*%),
govde P (r=0.886**), kok K (r=0.894**), govde K
(r=0.866%*), kok Ca (r=0.834%*), kok Mg (0.892*%*),
govde Fe (r=0.899**) ve govde Mn (r=0.814%)
icerigi arasinda onemli ve pozitif iliskiler oldugu
belirlenmistir.

Cilek bitkisinin kok P igerigi ile gbévde P
(r=0.915**), kok K (r=0.795%*), gbvde K (r=0.866%*),
kok Mg (r=0.921**), kok Fe (r=0.829*), govde Fe
(r=0.863*) ve kdk Mn (r=0.827%*) igerigi arasinda
onemli ve pozitif iliskiler oldugu gorulmustr.
Cilek bitkisinin govde P igerigi ile kok K (r=0.789%),
govde K (r=0.848%*), kok Mg (0.803*), govde Mg

(r=0.816*), kok Fe (r=0.844*), govde Fe
(r=0.895**) ve kok Mn (r=0.956**) icerigi
arasinda onemli ve pozitif iligkiler saptanmistir
(Cizelge 6).

Cilek bitkisinin kok K igerigi ile govde K
(r=0.929**), kok Ca (r=0.801*), gbvde Mg
(r=0.789%*), kok Fe (r=0.762*), gobvde Fe
(r=0.899*%*), govde Mn (r=0.895**), kok Zn

(r=0.802%*) ve govde Zn (r=0.845%) icerigi arasinda
onemli ve pozitif iliskiler tespit edilmistir. Cilek
bitkisinin gévde K icerigi ile kok Ca (r=0.793*), kdk
Mg (r=0.760*), govde Mg (r=0.820%*), kok Fe
(r=0.837%*), govde Fe (r=0.958**) ve gbvde Mn

(r=0.827%*) igerigi arasinda O©nemli ve pozitif
iliskiler saptanmugtir.  Bitki koklerinin  besin
elementlerini almasinda toprakta besin
elementlerinin  miktari 6nemli oldugu kadar

dengeli olmasi da onemlidir (Korkmaz, 2005).
Elementler dengeli oldugu sirece birbirleriyle
sinerjik etkide bulunabilmektedir. Kacar ve Katkat
(1998), bitkilerin K alimi Gizerine Ca*?> ve Mg*? ile
K* arasindaki karsilikli iliskilerin etkili olacagini
bildirmistir. Azot ile yeterli beslenen bitkilerin
fosfor alimini artiracagi, fosfor ile yeterli beslenen
bitkilerin diger besin elementlerinin alinimini
olumlu yonde etkileyecegi bildirilmistir (Korkmaz
ve Saltali, 2012). Bozkurt ve ark. (2000) ayni
kosullarda yetistirilen elma cesitlerinin beslenme
durumu ile ilgili yapilan c¢alhsmada, yaprak Zn
icerigi ile N ve Mn icerikleri arasinda, Ca icerigi ile
Mg icerigi arasinda o6nemli ve pozitif iliskiler
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bulundugu bildirilmistir. Saridas ve ark. (2018)
yaptiklari ¢calismada, yaprak N igerigi diger makro
Ca
icerigi ile Mg ve K icerigi arasinda, Fe icerigi ile Mn

besin elementlerinden olumlu etkilendigi,

icerigi arasinda pozitif korelasyon oldugunu
bildirmislerdir. Farkli oranlarda solucan glbresi
marulda, besin

uygulanarak yetistirilen

elementleri arasinda  vyaplilan korelasyon
analizinde Fe igerigi ile Mn igerigi arasinda, K
icerigi ile Ca, Fe, Mg, Mn ve N igerigi arasinda
onemli ve pozitif iliskiler bulundugu bildirilmistir
(Kibar, 2018). Bu c¢alismada da bitkinin gelisimi
icin ¢ok 6nemli olan besin elementleri arasinda
onemli ve pozitif iliskiler tespit edilmistir. Bu
bitki
elementlerini saghkli bir sekilde aldig1 ve etkin bir

sonuglar koklerinin  topraktaki besin

kullanarak tGst aksamina
Bitki

almasindan

sekilde tasidigini
besin

bir

gostermektedir. koklerinin  dengeli
dolayi

etkilesim olmadigi gortlmektedir.

elementleri olumsuz
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Sonuglar

Saglikl yasam ve gevre bilincinin giderek 6nem
kazandigl glinimizde solucan glbresi, biogibre
gibi cevre dostu organik gilibrelerin kullaniminin
yayginlastirilmasi  olduk¢ca ©6nemlidir. Organik
glbreler topragin fiziksel, kimyasal ve biyolojik
Ozelliklerini iyilestirerek  toprak verimliligini
artirmaktadir. Organik gibrelerin topraktaki bu
olumlu etkileri, bitkide yiksek verim ve kaliteli
meyve Uretimi olarak kendini gostermektedir.
Ancak organik glibrelerin bitkiye ve topraga
beklenen faydayi saglamasi igin, bitkinin ihtiyaci
olan besin elementlerinin belirlenmesi ve uygun
yontemlerle verilmesi gerekmektedir.

Bu calismada, solucan glibresinin biyo-glibreler
ile birlikte uygulamalarinda (T3, Ta, Ts, Te ve T7)
kok ve gbvde besin element igerigi artmistir.
Faydali bakteri ve mikoriza iceren glibrelerin
kullanimi, solucan gilibresinin etkinligini artirarak
bitkinin topraktan daha fazla besin elementi
alimini saglamistir. Mevcut uygulamalar bitkinin
daha iyi
topragin

beslenmesini saglamasinin yani sira

organik maddesine, mikrobiyolojik
yapisina pozitif katkilarindan dolayi strdurdlebilir
toprak verimliligini de olumlu yonde etkiledigi
Bu

kiresel pazarda onemli bir yer edinen organik

distnilmektedir. sonuglar, glnimiuzde
drdnlerin, Ulkemizde vyetistiriciliginin artiriimasi

agisindan umut vericidir.

Cikar Catismasi: Makale yazari herhangi bir cikar
catismasi olmadigini beyan eder.

Katkisi:
Neslihan KILIC tarafindan yapilmistir.
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YAZIM KURALLARI

1. Makale, Microsoft Word programinda, Calibri yazi karakterinde, 1.15 satir araliginda, 12
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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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