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Dear Colleague,

We are delighted to extend our warmest invitation to you for the esteemed 33rd International
Scientific-Expert Conference of Agriculture and Food Industry, scheduled to take place from
13 — 15 November 2023 in Kusadasi/Izmir, TURKIYE.

Your participation in the 33rd International Scientific - Expert Conference of Agriculture and
Food Industry will not only provide significant value to the attendees but also offer you an
exceptional platform to connect with fellow researchers and professionals, initiate
collaborative projects, and broaden your academic and professional network.

We welcome you to “33rd International Scientific-Expert Conference of Agriculture and Food
Industry” and hope you will have great time.

Warm regards,

On the behalf of Organization Comittee

Prof. Dr. Banu YUCEL

President of the Conference
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Merve Cinar,
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OoP2 Determination of Amplitude Potential in  Erkan Yilmaz,
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Yusuf AYDIN,
Berrin KAYALAR
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15.00 - 17.00 POSTER SESSION

15.11.2023

*Presentations will be 10 min + 3 min discussion

OP20 Blockchain-Based Livestock Muamer Pekmez,
Management: Improving Efficiency and  Sabahudin Tahmaz
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OP21 OPPORTUNITIES OF USING Ekin VAROL,
PROPOLIS IN THE TREATMENT OF  Cagri KANDEMIR,
MASTITIS IN DAIRY Turgay TASKIN,
ANIMALS Banu YUCEL

0OP22 Greenhouse Gas Emissions Mitigation Esin Deri,
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OP-01 Determination Of Volatile Chemicals From The Host Plants For Sesamia nonagrioides (Lef)
(Lepidoptera Noctuidae)

Erkan Yilmaz!, Ojuzhan Giirdal?, Mustafa Hakan Balci, Firdevs Ersin3, Merve Cinar?, Nergis ilayda
Ozkan?, Ulug Yarkin Sipahi?, Levent Pelit?, Ferit Turanh?®
1 Directorate Of Plant Protection Research Institute Bornova-izmir/Tirkiye
2 Ege University, Faculty Of Science, Department Of Chemistry, izmir/Tlrkiye
3 Ege University, Faculty Of Agriculture, Department Of Plant Protection, izmir/Turkiye

A number of volatile organic compounds (VOCSs) are emitted into the environment through specific
biochemical processes in plants. Sesamia nonagrioides (Lef) (Lepidoptera: Noctuidae) is a major pest
of corn cultivation in the Mediterranean and North African countries. The pest determines the location
of its host plant by following the chemicals released by corn cultivation and pearl millet plants, which
are common in the region. The aim of this study is to develop an environmentally friendly method of
controlling the pest, starting with identifying the common chemicals released by corn and pearl millet
plants that are preferred by the pest. VOCs sampling was performed using a dynamic thermal
desorption sampling system consisting of glass and plastic oven bags operated by a vacuum pump.
Tenax TA thermal desorption sampling tubes, connected to the system outlet at a fixed air flow of 600
mL/min, were used to collect VOCs emitted by the isolated system from the external environment. Air
was drawn into the system by a vacuum from the outside atmosphere. Before entering the system,
this air was passed through an activated carbon filter to remove volatile compounds. Blank
experiments were performed in the absence of the plant to detect background chemicals. Following
the background studies, the plant was placed in the system and sampling was carried out using
another thermal desorption tube. The experiments were conducted with four replicates and the
sampling tubes were transfered to the chemistry laboratory for compound identification analysis on the
same day. The chemicals adsorbed in the Tenax TA thermal desorption tubes were analysed using
gas chromatography-mass spectrometry (GC-MS) coupled to a Markes thermal desorption system.
Pure standards that had been reported in various studies on corn plants were purchased and the
detected VOCs were confirmed by means of pure standards. Common chemicals released by both
host plants were identified as Alpha-pinene, Myrcene, Limonene, Methyl Salicylate and Benzaldehyde.

Keywords: Sesamia nonagrioides, Zea mays, Pennisetum glaucum, Volatile Organic Compounds,
Gas Chromatography, Thermal Desorption Tube, Active Sampling
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OP-02 Determination Of Amplitude Potential In The Antenna Of Sesamia nonagrioides (Lef)
(Lepidoptera Noctuidae) In Electroantennography

Erkan Yilmaz', Mustafa Hakan Balci®, Firdevs Ersin?, Ferit Turanli®
1 Directorate Of Plant Protection Research Institute Bornova-lzmir/trkiye
2 Ege University, Faculty Of Science, Department Of Chemistry, Izmir/tirkiye

Insects primarily rely on their chemical senses to locate their hosts within the complex web of living
species in their habitats, particularly nocturnal insects. Chemical cues released into the environment
by the host, in the form of odor proteins (semiochemicals), enter the antenna sensilla and interact with
odor-binding proteins. Following the detection of these proteins, a series of chemical reactions
stimulate receptors, transmitting electrical signals to the central nervous system through neurons. The
amplitude values of these signals were determined through electroantennography, involving either the
use of the entire flagellum or single sensillum measurements. Insect antenna amplitude depends on
factors such as insect age, time elapsed after antenna excision, and the concentration of the
stimulating chemical. This research is currently underway to control mated female individuals of
Sesamia nonagrioides (Lef) (Lepidoptera: Noctuidae), important pest of maize, using volatile
chemicals from host plants during their search for hosts and egg-laying. In this study, the voltage
generated in the insect antenna in response to volatile chemicals from the host plant was determined
using electroantennography. To obtain standard and healthy data at the beginning of the study, the
electrical amplitude potential of the S. nonagrioides antenna was determined. For this purpose,
heptanal, a known chemical that elicits an electrical response in the antenna, was applied to the
antennae of mated female individuals of the pest. The stimulating chemical was diluted with n-hexane
to create concentrations of 25%, 10%, 1%, and 0.1%. These different solutions were applied to the
antennae obtained from adult females aged 1, 2, and 3 days. To assess the effect of time on electrical
potential, the antennae were exposed to the stimulus at 5, 30, 45, 60, and 90 minutes after antennal
excision. The study revealed that 2-day-old mated female individuals of S. nonagrioides exhibited the
maximum response to a 10% stimulus solution. Additionally, it was observed that the electrical
potential in the antenna had significantly decreased 45 minutes after excision, to a level that could not
be evaluated in the study.

Keywords: Sesamia nonagrioides, Electroantennography, Potential Amplitude
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OP-03 Amplitude Value Of Bactrocera oleae (Rossi) (Diptera: Tephritidae) Antenna In Response In
Electroantennography

Mustafa Hakan Balci®, Erkan Yilmaz?, Firdevs Ersin®, Ferit Turanli®
1 Directorate Of Plant Protection Research Institute Bornova, Izmir-TUrkiye
2 Ege University, Faculty Of Agriculture, Department Of Plant Protection, Izmir-Tlrkiye

Bactrocera oleae (Rossi) (Diptera: Tephritidae) is important pest of olives in many parts of the world.
Despite the presence of numerous volatile compounds in their habitat, the mated female individuals of
B. oleae locate their hosts by displaying behavioural responses to the volatile compounds released by
the olive fruit in which they lay their eggs. There are many studies aimed at using volatile chemicals
that facilitate interspecies communication for pest control. In semiochemical studies, after identifying
the volatile chemicals released by the host, it is essential to determine the electrophysiological activity
of these compounds in the pest individuals. When volatile chemicals reach the sensilla on the insect
antenna, they stimulate olfactory receptors, generating electrical signals. Bactrocera. oleae has four
types of sensilla in different regions of its antenna, each displaying different electrical amplitude values
in response to stimuli. Therefore, the difference in the electrical potential between the antenna regions
arises from this variation. It is crucial for the recording electrode used in electrophysiological studies
to contact the region of the antenna with the highest amplitude. Moreover, the concentration of the
stimulant also affects the amplitude of the response on the antenna. Therefore, the maximum
amplitude region and optimum stimulus concentration were determined in the antenna of mated female
B. oleae individuals. Preliminary studies have indicated that the insect antenna exhibits an
electrophysiological response to a-Pinene released from olive fruits. Therefore, a-Pinene was chosen
as the stimulating chemical. The flagellum of the antenna was horizontally divided into four virtual
zones. After the recording electrode was placed on the area where the amplitude value would be
measured, a 10% a-Pinene solution was applied to the antenna. The study revealed that the distal
region of the antenna exhibited the highest amplitude To determine the optimum stimulus
concentration, a-Pinene was diluted with n-hexane into four different doses. The recording electrode
was brought into contact with the region that displayed the highest amplitude, and solutions with
different concentrations were applied to the antenna. Among the comparison doses, the amplitude
value measurements increased by up to 10%. Beyond this concentration, the amplitude value
remained constant.

Keywords: Bactrocera oleae, a-Pinene, Electroantennography, Amplitude.
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OP-04 A New Approach To Control Vine Mealybug Planococcus ficus (Signoret, 1875) (Hemiptera:
Pseudococcidae), In Aegean Region Vineyard Areas: Mating Disruption Method

Nese Keskin?, Ferit Turanli?
1 Directorate Of Plant Protection Research Institute Bornova, Izmir, Turkiye
2 Ege University, Faculty Of Agriculture, Department Of Plant Protection, 35100, Izmir, Turkiye

In addition to having important growing areas, especially in the Aegean Region, vine is also important
because it is an important export product. Vine mealybug, Planococcus ficus (Signoret, 1875)
(Hemiptera: Pseudococcidae), which has become an increasing problem in the vineyard areas of the
Aegean Region in recent years, feeds on roots, stems, wood tissues, leaves and clusters. Among the
biotechnical methods, the mating disruption is used effectively to control many harmful species due to
its species-specific nature and lack of negative effects on the environment and human health. This
technique, which is used in species related to the Hemiptera order in a limited area around the world,
has been tried for the first time in TUrkiye with in this study and its effectiveness has been determined.
The trial was conducted in Manisa province as a mating disruption and untreated control design of
large plots in 2019-2021. Grape variety: 3 x 1.5 metre planting pattern and cultivar Sultani ¢ekirdeksiz.
Vine mealybug male flight was monitored from mid-April and mating disruption treatment were
applicated when the first catch was detected in trial. Mating disruption plot were 1.5 hectare in size
and untreated control plot were not as large (0.05 hectare), but had a comparable pest history. In 2019,
the first year of the study, trap catch reduction was recorded in mating disruption plot compared to the
untreated control plot was 84.09%, and in 2021 it was 95.39%. During the three-year application, it
was observed that catch inhibition rate was in the total 89.82% mating disruption plot. This situation is
indirectly related to rate of damage in clusters decreases due to population decline from year to year.
Contamination rates were found to 12.6%, 3% and 2.3% in the mating disruption plot in 2019-2021,
respectively, while 44%, 37% and 41% were found in the untreated control plot. As a result of this
study, mating disruption could be applied to vine areas in the Aegean Region to control Planococcus
ficus.

Keywords: biotechnical method, mating disruption, delta trap, pheromone
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OP-05 Determination Of Pvy Resistance In Tomato Plants

Nihan Giines', Mustafa Giimug?!
1 Ege University, Faculty Of Agriculture, Department Of Plant Protection, 35100, Izmir,

Tomato is a well-developed model system for molecular genetic studies and a natural host of Potato
virus Y (PVY), which is a concern in Turkey. The resistance status of different tomato species and
varieties against the PVYN:O strain has been evaluated. While S. corneliomulleri LA0444, S.
habrochaites LA2106, S. pimpinellifolium LA0373 and LA0417 genotypes were found to be resistant,
all other genotypes and commercial cultivars included in the study were tolerant. Polymorphism in the
elF4E1 mRNA sequence, which is an eukaryotic translation initiation factor, has been investigated,
and amino acid changes at positions 54, 56, 71, and 72 of the S. pimpinellifolium LA0417 genotype
have been associated with PVY resistance. Additionally, the efficiency of the dCAPS marker (elF4E-
Spel) has been investigated in tomato plants. When the VPg region responsible for virulence of the
isolate was sequenced, polymorphism was observed, but no amino acid changes were identified.
During PVYN:O infection in Solanum arcanum LA2157, the most stable reference gene has been
determined, and the expression status of the elF4E1, elF4E2, and elF(iso)4E genes has been
analyzed at different time points using RT-gPCR. On the 2nd day, the expression of the elF4E1 gene
was down regulated, while all genes were upregulated on the 7th day and remained steady on the
21st day.

Keywords: Potato virus Y (PVY), tomato, elF4E
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OP-07 Investigation Of The Effects Of Beneficial Bacteria On Drought Stress And Clavibacter
michiganensis subsp. michiganensis In Tomatoes

Barig Can Arda!, Utku Sanver', Hatice Ozaktan?
1 Ege University, Faculty Of Agriculture, Department Of Plant Protection, 35100, Izmir,

Tomatoes are an important crop for both global and Turkish vegetable production. The extreme
temperatures brought about by the ongoing climate crisis, coupled with the resulting drought stress,
lead to physiological problems in plants. The aim of this research is to minimize or eliminate the
biochemical and physiological adverse effects of Clavibacter michiganensis subsp. michiganensis
(Cmm) disease and drought stress through beneficial bacterial relationships. In-vitro experiments were
initially conducted to investigate the effects of 30 bacterial isolates selected from the bacterial stocks
of the Department of Plant Protection, Faculty of Agriculture, Ege University, on drought stress
prevention and Cmm. The isolates that performed well in in-vitro experiments were 146 and 35E
isolates. In-vivo experiments were conducted using these two bacterial isolates. In-vivo experiments
revealed that the 35E isolate was the most successful in alleviating drought stress. The most
successful result against both pathogen and drought stress was achieved with the 146+35E
combination.

Keywords: Tomato, Drought Stress, Clavibacter michiganensis subsp. michiganensis, Biological
Control
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OP-08 Determination Of Population Dynamics Of Sucking Insect Pests On Some Maize Genotypes

Sena Koparan?, Ferit Turanli*, Erkan Yilmaz?, Hilya Okkaoglu®, Ergll Ay3, Melek Akga Pelen®
! Ege University, Faculty Of Agriculture, Department Of Plant Protection
2 Republic Of Turkiye Ministry Of Agriculture And Forestry Directorate Of Plant Protection Research
Institute Bornova-izmir
3 Republic Of Turkiye Ministry Of Agriculture And Forestry Aegean Agricultural Research Institute

In this study, the population changes of the species belongs to Cicadellidae, Aphididae, Thripidae and
Phlaeothripidae families were examined on different maize genotypes, suitable for use as a second
crop. In order to determine whether the species of Cicadellidae, Thripidae and Phlaeothripidae families
were present in the experimental field and to determine the population changes, yellow and blue sticky
traps were used. The population of Aphididae family species were monitored with weekly observations
on leaves, tassels and cob leaves. In addition, maize leaf samples taken from the experimental plots
during the study period were analyzed by Imagej Analysis Program to determine the damage rates on
leaf surface areas. According to the results most preferred maize genotypes by Cicadellidae species
were M16S45 and KWS Kefieros, and the least preferred maize genotype was Capuzi genotypes. On
the other hand the most preferred maize genotypes by Thripidae and Phlaeothripidae species were
LG 31.545 and Bodega genotypes, and the least preferred maize genotype was DKC 6761. It was
determined that Zyginidia pullula (Boherman, 1845), Zyginidia sohrab Zatchvakin, Cicadulina
bipunctella (Matsumura), Empoasca decipiens Paoli, Limothrips spp., Haplothrips spp., Aeolothrips
spp., Rhopalosiphum maidis (Fitch, 1856), Rhopalosiphum padi (L.) and Aphis fabae Scopoli were the
dominant of sucking insect pest species of maize in Menemen (izmir) district.

Keywords: Leafhoppers, thrips, aphids, population tracking, sticky traps, leaf surface area,
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OP-09 Identification Of Entomopathogenic Nematodes In Citrus Orchards In izmir Province

Esmeray Ayhan?, Galip Kaskavalci? _
! Directorate Of Plant Protection Research Institute Bornova, Izmir, Turkey
2 Department Of Plant Protection, Faculty Of Agriculture, Ege University, Izmir, Turkey

The Mediterranean fruit fly Ceratitis capitata (Wiedemann, 1824) (Diptera: Tephritidae) is widely
distributed in tropical and subtropical regions around the world. This insect, which has numerous host
plants, is a major pest in citrus fruit production. Because of its quarantine status in many countries, the
export of products infested with this pest is not possible. Because the insect directly damages the fruit,
the product loses its market value. Therefore, intensive insecticide use is common in the control of this
pest. Due to increased environmental awareness, environmentally friendly alternative control methods
are preferred instead of chemical control around the world. One of these alternative methods is the
use of entomopathogenic nematodes. These nematodes have become important as ideal biological
control agents because of their active host searching, settling in the application area, and long-lasting
effectiveness. EPNs are soil-dwelling, obligate insect parasites. The use of EPNs against pests that
spend part of their life cycle underground has shown promising results. The last larval and pupal stages
of the Mediterranean fruit fly are found in the soil. Entomopathogenic nematode species and/or isolates
differ in their adaptability to the environment. The choice of entomopathogenic nematode species
and/or isolate can influence the success of the application. Therefore, a survey was conducted in citrus
orchards in izmir province to determine the presence of EPNs, and 80 soil samples were collected.
EPNs were isolated from % 5 of these soil samples by baiting late-stage larvae of Galleria mellonella
(L.) (Lepidoptera: Pyralidae). Nematode isolates were identified through sequence analysis of
ribosomal DNA (rDNA) ITS gene regions. Four different EPN species were isolated: Heterorhabditis
bacteriophora (Poinar 1976), Steinernema feltiae (Filipjev 1934), S. carpocapsae (Weiser 1955),
Oscheius tipulae (Lam & Webster, 1971). Soil samples were taken from the same orchards one year
later, confirming the continuity of the population. This result indicates that EPNs are a permanent part
of the ecosystem in these orchards.

Keywords: Entomopathogenic nematode, biological control, citrus, Mediterranean fruit fly (Ceratitis
capitata)
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OP-11 Heat Resistant Microfungi Samples From Humulus lupulus L. (Hops) Agricultural Area

Rasime Demirel*
L Eskisehir Technical University

The heat resistant microfungi can be continue to their life after exposed of temperature at above or
75°C for 30 or more minutes thanks to their ascospores, clamydospore, thick walled hyphae, sclerotia.
Aspergillus, Byssochlamys, Penicillium and Talaromyces are the most common types of heat resistant
microfungi. In this study, we were investigated biodiversity of heat resistant microfungi in agricultural
soils where Humulus lupulus L. (Hops) is grown in Bilecik Pazaryeri region in Turkey. This plant is
endemic to the region and is used in beer making. The starting point of the study is; What is the
existence and biodiversity of heat-resistant molds that do not die with heat treatments and that affect
food quality and pose a health risk by producing mycotoxins? Could they pose a problem in the final
product beer? For this aim, four different soil samples from per location were collected from agricultural
soils at March and July 2023. Isolation process was performed by using heat treatment of soil samples
and main soil dilution method. After purification step, isolates were diagnosed by using conventional
methods. We were determined some members belong to Aspergillus, Paecilomyces, Penicillium and
Taloromyces genera. As a result of this study, we were exhibeted that agricultural soil areas have high
heat resistance microfungi biodiversity that commonly known as mycotoxigenic, pathogenic and
saprophytic.

Keywords: Heat resistance fungi, Humulus lupulus, Pazaryeri, Aspergillus
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OP-14 Mutation Studies In Field Crops

Ozlem Akbas?, Aliye Yildirim Keskinoglu!, Emre ilker!
1 Ege University, Faculty Of Agriculture, Department Of Field Crops Izmir, Turkey

Different breeding methods are used to achieve various goals in plants, such as increasing yield and
quality, adaptation ability, and developing varieties resistant to abiotic and biotic stress factors. In these
methods, the fundamental principle is for the researcher to select and breed plants that are suitable
for their purpose from the existing pool of genetic diversity. In some cases, researchers create
variations themselves. One of the methods used to generate variation is mutation. Mutations can be
described as both a tool for creating variation and a breeding technique in plant breeding. Numerous
studies demonstrate that naturally occurring or artificially induced mutations can affect different traits
in plants. Furthermore, there are many varieties obtained through mutation breeding in Turkey,
including approximately 16 varieties in different species such as lemon, cherry, sesame, barley, wheat,
potatoes, soybeans, tobacco, and chickpeas. This review summarizes some of the physical and
chemical mutation breeding studies conducted in the field of field crops with the aim of benefiting
researchers who aspire to work in this area.

Keywords: Field crops, mutation, gamma ray, ethyl methane sulfonate (EMS), variation, plant
breeding
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OP-15 Use Of Dna-Based Molecular Markers In Plant Breeding

Sabahat Shabbir!, ismail Karakas?, Deniz istipliler!, Fatma Aykut Tonk *
1 Ege University, Faculty Of Agriculture, Department Of Field Crops Izmir, Turkey

Plant breeding, defined as the science of plant development, is the science and art of obtaining more
productive, higher quality and more resistant varieties to adverse environmental conditions by
changing the genetic structure of plants with the help of various breeding methods. The pace of yield
increase in most traditional breeding programs is insufficient to meet the rising demand for food driven
by a fast expanding global population. In plant breeding; the development of more productive, better
quality and more resistant varieties to adverse environmental conditions is limited, especially because
the plant growing period is very long. A new variety takes several years to create due to the various
processes of hybridization, selection, and testing involved in the production of new plant species.
However, the use of biotechnological tools in plant breeding, the rapid development of better plant
varieties can help reduce food shortages and cope with the increasing food demand caused by the
global population. In recent years, there have been astonishing and exciting advances in DNA marker
technology. The advancement of molecular tools for genetic research to improve agronomic traits in
plants associated with yield, quality, or resistance to biotic and abiotic stresses has resulted in a
significant gain in our understanding of plant genetics and the structure and behaviour of plant
genomes. Molecular markers have been shown to be useful tools in the development of qualitative
and quantitative traits, selection, genetic and linkage mapping, variety identification and conservation,
and a variety of plant breeding studies, including determination of genetic distance between
genotypes. Furthermore, the application of molecular markers in variety registration and certification,
stability, germplasm characterization/fingerprint studies, determining high-yielding and high-quality
varieties, phylogenetic analysis, field trials, and laboratory testing is gaining popularity. In this phase,
it is critical to revise present breeding procedures by incorporating molecular markers into breeding
programs.

Keywords: Plant breeding, Molecular Markers, Molecular Breeding
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OP-16 Phenotypic Characterization Of 130675/avocet S Double Haploid Population Of Wheat
Against Yellow Rust At The Adult Plant Stage

Sabahat Shabbir !, Ozge Nur Zilfllagaoglut, Fatma Aykut Tonk®, Kumarse Nazari 2
1 Ege University, Faculty Of Agriculture, Department Of Field Crops Izmir, Turkey
2 Turkiye -Icarda Regional Cereal Research Center, Izmir, Agean Agricultural Research Institute

The Puccinia striiformis Westend f. sp. tritici (Pst) fungus poses a serious threat to the world's wheat
production including the wheat production of Turkiye. A long-term solution to wheat stripe rust is the
use of resistant cultivars with adult plant resistance to the disease. Genetic understanding of resistance
to stripe rust is fundamental to breeding for rust resistance. To understand genetic basis of adult plant
resistance of a resistant bread wheat line ‘130675 (Avd/Vee#1//1-27-6275/Cf 1770/3/MV171-
C17466); from the International Winter Wheat Improvement Program (IWWIP), a doubled haploid (DH)
population of 132 individuals developed from F1 progenies of ‘130675” resistance line crossed with
the universally susceptible variety ‘Avocet S’. The 132 doubled haploid lines were evaluated for adult-
plant resistance to the PstS2 (virulence on Yr27) at adult-plant stage at the Regional Cereal Rust
Resistance Center, Izmir, Tlirkiye (RCRRC) during the cropping season of 2021 and 2023 using
artificial inoculation. Adult plant resistance responses were recorded when the disease severity in
Avocet ‘S’ reached 100% following the Modified Cobb’s scale for disease severity and infection types.
The field scoring was carried out two times during the season at 10-day intervals. The coefficient of
infection (CI) was calculated for the field scoring. During the year 2021, ninety DH lines (68%) showed
resistance reaction response (CI=0 to 20); sixteen (12%) exhibited moderate resistance (CI=20 to 40);
nine (7%) showed moderately susceptible reaction type (Cl=40 to 60); the remaining seventeen (13%)
genotypes were susceptible (CI=60 to 100). While in the year 2023, eight (6%) of the genotypes
showed a susceptible response, five (4%) showed a moderate resistance response whereas, 114
(86%) of the genotypes were highly resistant. Over the two years, 83 genotypes displayed the same
resistance response (Cl = 0 to 20). The lines showing adult plant resistance can be utilized for further
breeding and molecular studies.

Keywords: Wheat, Yellow Rust, Double Haploid Population, PstS2, Yr27, Adult Plant Resistance
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OP-17 Determination Of Adaptation Abilities Of Camelina (Camelina sativa L. Crantz) Genotypes Of
Different Origins In Odemis Ecological Conditions

Hakan Yildiz!
1 Ege University, Faculty Of Agriculture, Department Of Field Crops Izmir, Turkey Dall

This research was conducted to observe the seed yields of 25 Camelina (Camelina sativa (L.) Crantz)
genotypes with different characteristics under the ecological conditions of Odemis, Izmir. The research
plan was designed with three repetitions following a randomized block trial design. Plant height, first
lateral branch height, capsule count per plant, seed count per capsule, thousand seed weight, and
yield performances were examined in the study. As a result of the examinations, genotypes suitable

for the Odemis, Izmir location were determined

Keywords: Ketencik, Camelina, Yield
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OP-18 Determination Of Forage Yield And Some Yield Characteristics In Different Cereal-Forage
Pea (Pisum sativum L.) Mixtures

Behcet Kir!, Dunya Isayeva?, Sikrii Sezgi Ozkan?
1 Ege University, Faculty Of Agriculture, Department Of Field Crops Izmir, Turkey
2 Azerbaijan State Agricultural University Department Of Agronomy, Gence, Azerbaijan

In the global food economy, food demand has reached a critical point due to the increasing population,
making products derived from livestock farming of utmost importance. Concurrently, the development
of animal husbandry in parallel with population growth and the increasing need for animal products
have led to a continuous rise in the demand for forage crops worldwide. One major challenge livestock
farms face in Turkey is the shortage of quality forage feed. This situation can become a long-term
issue, necessitating immediate exploration of solutions. It is well recognized that the further
development of livestock farming, which holds a significant place in the country's agriculture, depends
on the importance given to pasture-culture and forage crops within field agriculture in our country. This
research was conducted during the winter second-crop vegetation period of 2014-2015 in Pancar
village, Torbali district, located 45 km from the center of lzmir Province, under Mediterrenean
ecological conditions. The study aimed to determine the forage yield and some yield characteristics of
different cereal+forage pea (Pisum sativum L.) mixtures. Italian ryegrass (Lolium multiflorum var.
westerwoldicum) cv. Pollanum, triticale (xTriticosecale) cv. Tatlicak-97, oat (Avena sativa L.) cv.
Faikbey and forage pea (Pisum sativum L.) cv. Taskent were used as plant materials in different
cereal+forage pea mixtures. According to the randomized complete block design, the study was
established in three replicates. In the research, vegetation height (cm), cereal plant height (cm),
legume plant height (cm), green forage yield (kg/da), dry matter content (%), and dry matter yield
(kg/da) were investigated. According to the results obtained, it can be suggested that in winter second-
crop cultivation in the Aegean Region, triticale in monoculture and a mixture of forage pea+triticale in
mixed cultivation should be preferred in terms of forage yield and some yield characteristics.

Keywords: Forage pea, cereal, mixture, yield
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OP-19 Effect Of Salt Stress On Stomatal Conductance, Spad And Leaf Temperature In Some Cotton
Genotypes

Tiilay Emrebas!
! Bati Akdeniz Tarimsal Arastirma Enstitisu

In the study, stomatal conductance measurements were made under greenhouse conditions in terms
of sensitivity and resistance to salinity of the varieties in the genetic stock of Nazilli Cotton Research
Institute. The experiment was carried out in greenhouse conditions according to the random plots
experimental design with 4 replications. In this study, 20 varieties (Tam- 01-E- 22 (Rey no:GP889,
P1652865), Tam-04-WB-33-S (Rey no:GP-940, P1662041), Tam-87-G3-27, Tam-94-L-25-P1631441,
Sahin 2000, Tam- A106-16-Els (Rey no:GP-895, PI54360), Tam-B139-17-Els (Rey no:GP-
927,P1659699), Tam-B147-21-Els (Rey no:GP-896,P1654361), Tam-B182-33-Els (Rey no:GP-
897,P1654362), Tam-C147-42-Els (Rey no:GP-900,PI654365), Tam-C155-22-Els (Rey no:GP-
901,P1654366), SC 2079, SC 2009, ES 1, ES 2, Acala 1517 C, Acala 1517 D, Acala 1517 SR2- vert,
Tropical 225, Acala 1517-70) 5 domestik and 15 foreign cultivars/lines were used. A control and 3
different salt doses (50mM, 100mM, 200mM NaCl2) were used to measure stomatal conductance. For
this purpose, seeds sown in the field and harvested in the same year were used. Salt stress conditions
were provided during the early period of the plants. Stomatal conductance was measured with a
portable leaf porometer (Decagon Device inc.) on the 6th day after the stress conditions were provided.
20 cotton cultivars showed differences in stomatal conductance values. Cotton varieties are extremely
sensitive to stress at the beginning of flowering. Salt stress was applied during this period and it was
observed that they were affected by stress in the measurements. Stomatal conductance among the
cultivars was generally in the form of 200mM NacCl, 50mM NacCl, 200mM NaCl and the lowest control,
respectively, from highest to lowest, depending on the increasing salt concentrations. Different salt
doses applied revealed differences among the genotypes in terms of stomatal conductance. These
differences were observed as a result of the analysis. According to the genotypes used in the research
in terms of stomatal conductance, Tam-B182-33-Els (Rey no: GP-897, P1654362) variety, Tropical 225
variety, Sahin 2000 variety, Tam-C155-22-Els (Rey no: GP-901, PI654366) varieties were at the top
in terms of stomatal conductance. In terms of the lowest values, Acala 1517-70 cultivar, 17 Acala 1517
D cultivar and other cultivars were at average values.

Keywords: cotton, salt stress, stomatal conductance
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OP-20 Blockchain-Based Livestock Management: Improving Efficiency And Accuracy

Muamer Pekmez?!, Sabahudin Tahmaz*
1 Federal Institute Of Agriculture Sarajevo

The management of livestock has become increasingly complex in recent years, with growing
demands for traceability, transparency, and efficiency in the supply chain. As a result, the use of
blockchain technology has been proposed as a means to address these challenges in cattle
production. This study aimed to conduct a comprehensive review of existing literature and case studies
to evaluate the potential benefits and limitations of blockchain-based livestock management in the
cattle industry. The review was conducted through a systematic analysis of the current state of
research and practical applications of blockchain technology in livestock management. Our findings
indicate that blockchain has the potential to significantly enhance the efficiency and accuracy of cattle
tracking and record keeping, thereby improving supply chain management, animal welfare, food
safety, and traceability. However, the implementation of blockchain technology in the cattle industry
also faces certain challenges, such as the need for widespread adoption, technical difficulties, and the
development of appropriate regulatory frameworks. In conclusion, our review highlights the potential
of blockchain technology to transform the cattle industry by improving the efficiency and accuracy of
livestock management. However, further research is necessary to fully understand the challenges and
opportunities associated with the implementation of blockchain technology in cattle production and to
develop strategies for promoting its widespread adoption.

Keywords: blockchain, livestock management, efficiency, accuracy, supply chain management
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OP-21 Opportunities Of Using Propolis In The Treatment Of Mastitis In Dairy Animals

Ekin Varol*, Cagri Kandemir?, Turgay Taskin?, Banu Yiicel
1 Ege University

Mastitis is an important health problem that adversely affects milk production in dairy animals, as well
as animal health, welfare thus operating income. Mastitis in dairy animals is directly related to milk
yield as well as manure management and udder hygiene. Approximately 20% of dairy cows and
animals with high milk yield are affected by mastitis. The incidence of mastitis in herds may vary
depending on many environmental factors such as udder hygiene before and after milking, manure
management and stress. It is stated that more than 140 microorganisms have an effect on mastitis.
The most common of these microorganisms are Staphylococcus aureus, Streptococcus agalactiae,
Escherichia coli and Streptococcus uberis. Mastitis in dairy animals occurs in clinical and subclinical
forms ranging from mild, moderate and severe forms. The particularly clinical form of mastitis is seen
by visible changes in milk, as well as infection and mastitis, determined by visual inspection. On the
other hand, the determination of subclinical mastitis is quite difficult since there is no significant change
in udder and milk. However, the presence of bacteria related to the number of somatic cells and their
determination in the laboratory environment are the two basic approaches used in determining the
problem. The treatment of mastitis, especially in dairy cows, is still based on antibiotic administration.
However, its effectiveness is decreasing due to increased drug resistance in bacteria, which is
considered an important health problem. Bacterial resistance, as well as antibiotic residues in food
and the environment, are increasingly affecting consumers' concerns, and the importance of reducing
the use of antibiotics to treat bacterial infections in animals comes to the fore. For this reason, the
tendency towards alternative products or approaches is increasing day by day. Bee products, each of
which is very valuable, are widely used in the field of health, cosmetics and food. Propolis is a bee
product whose antibacterial, antifungal, antivirus, anti-inflammatory, antiulcer, antitumor, anesthetic
and wound healing properties have been proven by many studies. In this study; the possibilities and
effects of using propolis as an alternative product to classical mastitis methods in dairy animals were
examined.

Keywords: Propolis, mastitis, dairy animals, animal health, alternative treatment
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OP-24 Use Of Citrus Fiber And Whey Protein Isolate Complex In Oleogel Fabrication And
Application In Cookie Formulation As Palm Oil Alternative

Ezgi Genc Yilmaz', Salih Karasu?, Alican Akgicek®, Omer Said Toker?
! istanbul Gelisim University
2Yildiz Technical University
3 Kocaeli University

In recent years, a growing interest has been observed in oleogels formulated via emulsions, which are
particularly interesting due to their structured networks and ability to replace saturated fats. In this
study, oleogels were produced by the Pickering emulsion-based method using colloidal complexes
produced with Citrus Fiber (CF) and Whey Protein Isolate (WPI). By keeping the WPI concentration
(10%) constant in the oleogel formulation, production was carried out at different CF concentrations
(1%, 2%, 3%, and 5%). Rheological properties and oil-holding capacities of the produced oleogels
were determined. All oleogel samples showed shear thinning behavior. G' values for oleogel samples
were higher than G" values; this means that solid-like behavior prevails in all oleogel samples. An
increase in the CF concentration in the oleogel formulation resulted in higher G' values and an increase
in the pseudoplastic behavior of the oleogel. The oil holding capacity of all oleogel samples was over
90% and this capacity also increased with higher CF concentrations in the oleogels. The visual
appearance of 3% CF-WPI oleogel and 5% CF-WPI oleogel showed that there was no oil on the
surface and the more integrity structure could well retain the oil in a gel matrix. Increasing the CF%
concentration led to a decrease in oil droplets and led to the formation of a more compact structure,
especially for 3% and 5% CF-WPI oleogels. For this reason, oleogels containing 3% and 5% CF-WPI
were added to the cookie formulation, and the cookies were compared with cookies produced with
palm oil. Increasing the CF concentration from 3% to 5% caused an increase in the hardness value of
the cookies, as the CF formed a 3-dimensional network structure binding the oil. Oxidative stability
data showed no significant change between 3% CF WPI and palm cookies (p<0.05). Adding oleogels
to the cookie recipe has proven to be an effective substitute for palm oil. CF-WPI oleogels offer the
potential to replace saturated and trans fats in food products, showing promise for use in cookie
preparation as a replacement for palm oil.

Keywords: Citrus Fiber, Emulsion Templated, Oleogel, Whey Protein Isolate, Palm Oil
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OP-29 Hoebot: Autonomous Hoeing For Sustainable Agriculture

Omer Ertugrul®, Dilara Gerdan Kog?, Emrah Saka®, Caner Kog*
1 Kirgehir Ahi Evran University, Faculty Of Agriculture, Dept. Of Biosystems Engineering
2 Ankara University, Graduate School Of Natural And Applied Sciences, Discipline Of Agricultural
Engineering And Technologies
3Kirsehir Ahi Evran University, Graduate School Of Natural And Applied Sciences, Discipline Of
Biosystems Engineering
4 Ankara University, Faculty Of Agriculture, Dept. Of Agricultural Engineering And Technologies

The ongoing demand for sustainable and precision agriculture has led to the rise of innovative farming
solutions. An international prominence effort continues in the field of development of robotic systems
and their adaptation to agricultural production. One such innovation is the HoeBot, an autonomous
hoeing robot designed to optimize weed management and crop cultivation. This study presents the
conception, design, and practical applications of the HoeBot in various agricultural operations. Using
sensing technology and machine learning algorithms, the HoeBot can differentiate between crops and
weeds, ensuring precise hoeing without causing damage to the crops. Its design allows for seamless
navigation across varied terrains, and its adaptability ensures reduced soil disruption, leading to
healthier crop growth. The autonomous hoeing robot produced within the scope of the project is
different from other hoeing tools and machines due to it does not require a separate power source
such as a tractor. Compared to other hoeing equipment, human labor is used only for monitoring the
operation. Another advantage is to increase work efficiency by reducing the rate of human error. Since
it eliminates the use of physical strength in operation, it has a positive effect on occupational health
and safety conditions. Use of electric powered robots contributes reducing negative aspects of using
fossil fuels which is critical for climate change, and it contributes to the realization of agricultural
production in accordance with the European Green Deal criteria. The robot chassis is manufactured
by welding steel material. The autonomous robot is driven by four rubber wheels and a chain-gear
system that transmits the movement from four 24 volt 250 W DC motors since total power requirement
is calculated as 725 W. The vehicle was provided with autonomous driving feature by using the
Pixhawk Control Card integrated with Ardunio Nano. Route data is created via the Mission Planer web
application and transmitted to the Pixhawk module via rangefinders via wireless connection. The
vehicle determines its location by GPS. The HoeBot represents a significant step forward in the
integration of automation in agriculture and promises the adaptation of precision and sustainable
applications.

Keywords: Robot, precision farming, digital agriculture, smart farming
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OP-30 Seasonal Impact Of Harvesting On The Freshness And Quality Of Gilthead Seabream Meat
(Sparus Aurata Linnaeus, 1758)

Dino Lepara, Ma?, Prof. Samir Muhamedagic¢!
1 Faculty Of Agriculture And Food Sciences University Of Sarajevo

In order to determine the impact of seasonal and stunning ways to maintain the freshness and quality
of the gilthead seabream meat for consumption, 50 samples in two seasons (summer and winter) were
randomly caught in the Bay of Neum using two stunning ways: using ice/sea water mixture (group )
and using anesthetic (group II). After stunning, number of muscle contractions, blood lactate
concentration, temperature and pH of fish meat were measured. During laboratory analysis, trend
values of pH and temperature were continued. The analysis also included the measurement of
morphometric values, determination of the chemical composition of fish meat and carrying out the
sensory analysis (QIM — Quality Index Method). The results showed that analyzed specimens were
with uniform morphometric measures, without statistically significant differences between groups and
seasons. According to a determined chemical composition, protein content was 17.7% (in summer
period) and 18.5% (in winter period), moisture content was 70.2% (summer) and 78.0% (winter), and
crude fat was 3.98% (summer) and 1.17% (winter). A statistically significant difference between
seasons occurred at the moisture content, and especially for fat content. Temperatures are slightly
down during the analysis with statistical difference between seasons every day, except day 11th.
Readings of pH during analysis were 6.41 to 7.12 with a statistically significant difference between
seasons at day 7 and 9. Based on the lactate content, it can be concluded that the fish group |
(anesthetic) from the winter season survived stress levels higher than all other groups. Higher average
number of muscle contraction after stunning was recorded in the fishes from group Il (2.0) than in fish
from group | (0.54). QIM values, as expected, had constant increase during testing (from 0.0 to 12.0),
with significant differences between seasons for days 3, 7 and 11. Stunning methods, therefore, do
not have an impact on maintaining the freshness and quality of gilthead seabream meat during
storage, but the season of harvest has.

Keywords: gilthead seabream, freshness, meat quality, seasonal impact, stunning methods
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PP-01 Organic Food's Escalating Demand And Challenges For Public Health And Food
Sustainability In Vietnam

Tuan Anh Vu?, Tai The Diep?
1 University Of Gloucestershire, Cheltenham, United Kingdom
2 pasteur Institute In Ho Chi Minh City, Vietnam

Organic food mitigates public health risks and considers an alternative approach to enhancing
sustainable food production, security, and safety. This study presented the current demand overview
for organic food and the associated hurdles within Vietham from 2012 to 2022. By analysing official,
confidential databases, and amalgamating data from sources such as the World Bank, the Research
Institute of Organic Agriculture, FAO, WHO, Vietnam's Ministry of Agriculture and Rural Development,
and the Ministry of Industry and Trade, along with insights from local studies, the gathered information
is categorized chronologically. Statistical analysis and interpretation are carried out using the SPSS
software. The findings revealed a remarkable surge in organic food demand, surging from 63 million
customers in 2012 to an impressive 70.5 million by 2022, encompassing 71% of the population.
Correspondingly, the number of organic producers surged from none in 2012 to 338 in 2018,
skyrocketing to 1065 by 2022, spanning 62 out of 63 provinces. However, despite the burgeoning
demand and producer interest, only 42% of products were certified organic in 2022. While organic
agriculture land increased to 174,000 hectares, marking a 479% growth from 2012 to 2022, this
remained a modest fraction, accounting for merely 0.28% of the overall agricultural landscape.
Additionally, organic food prices remained consistently 2.1 times higher than conventional
counterparts. In conclusion, this study underscores both the escalating demand for organic food in
Vietnam over the past decade and the challenges posed by limited investment. Strategic policies are
needed to fully leverage the potential of organic agriculture, ensuring public health, sustainable
development, and addressing food safety and security concerns.

Keywords: Organic food, Vietham, Food safety and security, Public health.
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PP-03 The Use Of Pyrophyllite And Zeolite For The Purpose Of Remediation Of Soil Contaminated
With Heavy Metals In Maglaj

Emina Sijahovié!, Hamdija Civi¢!, Senad Murti¢!, Mirza Tvica!
L University Of Sarajevo - Faculty Of Agriculture And Food Sciences

Soil pollution with heavy metals is a growing problem both in Bosnia and Herzegovina and around the
world, bearing in mind that the content of heavy metals above the limit values reduces the productivity
of agricultural land, pollutes food and water sources, and consequently endangers human health and
the environment. Soils contaminated with heavy metals can be restored to their original function, i.e.
productivity, if appropriate remedial measures are implemented. Developed and environmentally
conscious societies pay special attention to the improvement and development of those remedial
measures that achieve the effect of removing or reducing the content of heavy metals in the soil without
negative repercussions on any segment of the environment. In this work, alumosilicate materials
zeolite and pyrophyllite were used in order to reduce the uptake of heavy metals from the soil into the
plant. Pyrophyllite and zeolite particles with a size of 100 um were added in the soil in amounts of 200,
400 and 600 kg ha-1, in three repetitions. Application of zeolite, regardless of the dose used,
significantly reduced the availability of Cu, Zn, Cd, Pb and Ni in the tested soil. In the conditions of the
experiment, the application of pyrophyllite in a dose of 200 kg/ha reduced the accessibility of Cu by
16.2%, Zn by 9.6%, Mn by 15.3%, Cd by 21.6%, Pb by 32.4% and Ni by 11.7% in the tested soil.
pyrophyllite at a dose of 400 kg/ha reduced the accessibility of Cu by 24.5%, Zn by 28.3%, Cd by
27.0%, Pb by 48.2% and Ni by 11.7% in the tested soil, while the application of pyrophyllite at a dose
of 600 kg/ha in the tested decreased the accessibility of Cu by 25.5%, Zn by 26.2%, Mn by 13.5%, Cd
by 29.7%, Pb by 48.2% and Ni by 16.6%.

Keywords: heavy metals, pyrophyllite, zeolite, remediation
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PP-04 The Influence Of Natural Antioxidants On The Quality And Stability Of Animal Fats During
Storage

Munevera Begié!, Selma Mahmutovié!, Selma Corbo?!
1 Faculty Of Agriculture And Food Science, University Of Sarajevo

Animal fats are obtained from the adipose tissue of warm-blooded animals. Given that fats are subject
to spoilage and that consumer interest in natural antioxidants is on the rise, an experimental study of
the effect of natural antioxidants (green tea and coriander extracts) on quality and stability of beef,
goat and sheep fat, under conditions of storage in the refrigerator (4°C), in the dark (20°C), and in the
light (20°C). For the purpose of research, the content of moisture and insoluble impurities in the
aforementioned fats, the value of the peroxide number and the content of free fatty acids, were
determined. To test the quality and stability of animal fats, 0,2% of antioxidants (green tea and
coriander extracts) were added to the melted fat. The content of free fatty acids in the base samples
of beef fat was 0,67%, goat fat 0,77%, and sheep fat 0,71%. The values of the peroxide number of the
base samples were 0,00 mmol O2/kg for beef and sheep fat, while the peroxide number of goat fat
was 0,50 mmol O2/kg. The determined moisture content of beef fat was 0,27%, goat fat 0,18%, and
sheep fat 0,29%. As part of this research, the percentage of insoluble impurities was determined, the
lowest value of which was recorded in beef fat and amounted to 0,46%, followed by 0,91% in sheep
fat, and the highest content of insoluble impurities was recorded in goat fat and amounted to 1,86%.
The lowest oxidative changes in beef fat were recorded when the samples were stored in the
refrigerator, where the added antioxidants showed the same antioxidant effect, while at the end of the
test, the control sample and the sample with the addition of coriander had the same values (1,06%),
and the highest changes were recorded in the sample with the addition of green tea (1,48%) under the
same storage conditions. The greatest oxidative change in beef fat expressed through peroxide
number, was recorded in the control sample stored in the light and is 1,88 mmol O2/kg, and the highest
hydrolytic change, expressed through the content of free fatty acids, was recorded in the control
sample stored in the dark and is 2,54%. In light-stored beef fat samples, added natural antioxidants
accelerated hydrolytic spoilage. The smallest changes in the peroxide number of goat fat were
recorded in the samples stored in the refrigerator, where the green tea extract showed better
antioxidant properties compared to the coriander extract, while the smallest changes in the content of
free fatty acids were recorded in the samples stored in the dark, and the largest in the light where
added antioxidants even accelerated spoilage. Hydrolytic changes of sheep fat they are the least
expressed in samples stored in the refrigerator, where the antioxidants exerted their positive effect.

Keywords: animal fats, oxidative changes, hydrolytic changes, natural antioxidants, storage.
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PP-05 Determination Of The Effectiveness Of Alternative Control Methods To Vine Mealybug
Planococcus ficus (Signoret, 1875) (Hemiptera: Pseudoccoccidae) In The Vineyard Areas Of
Aegean Region

Nese Keskin?, Ferit Turanli?
1 Directorate Of Plant Protection Research Institute Bornova, Izmir, Tlirkiye
2 Ege University, Faculty Of Agriculture, Department Of Plant Protection, 35100, Izmir, Tirkiye

In addition to having important cultivation areas, especially in the Aegean Region, vine is also
important as it is an important export product. The vine mealybug, Planococcus ficus (Signoret, 1875)
(Hemiptera: Pseudococcidae), which has become an increasing problem in the Aegean Region
vineyard areas in recent years, feeds on roots, trunks, wood tissues, leaves and fruits. The fight against
this pest is generally based on the use of chemical insecticides. However, there is no alternative
method that can be applied against Planococcus ficus in organic vineyards which has large cultivation
areas in the Aegean Region. For this reason, in order to demonstrate the effectiveness of cultural
practices alternative to chemicals in organically grown vineyards, peeling of bark, peeling of bark +
sticky trap (Tangle trap) and control applications were done in this study. The trials were carried out in
2021 in the vineyards where organic production was carried out in two different districts of Manisa
province, according to the Randomized Blocks Trial Design, with 4 replications. In the trial conducted
in first district, the repetitions in peeling of bark showed an effect of 91.43%, 93.75%, 100.00% and
95.00%, respectively. Peeling of bark showed an average effect of 95.04% when all repetitions were
evaluated. Repetitions in peeling + sticky trap showed an effect of 94.29%, 100.00%, 95.38% and
98.33%, respectively. Peeling of bark + sticky trap showed an average effect of 97.00% when all
repetitions were evaluated. In the trial conducted in second district, repetitions peeling of bark showed
an effect of 97.14%, 100.00%, 95.45% and 89.58%, respectively. The average effect of all repetitions
was calculated as 95.55%. Repetitions of peeling of bark + sticky trap showed an effect of 95.71%,
89.33%, 99.09% and 97.92%. Peeling of bark + sticky trap showed an average effect of 95.51% when
all repetitions were evaluated. In line with the results obtained in the Aegean Region vineyard areas,
it was concluded that peeling of bark and peeling of bark + sticky trap could be effectively applied to
control Planococcus ficus.

Keywords: Aegean Region, cultural methods, organic vineyards, peeling of bark, sticky trap.
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PP-06 Determination Of The Effectivenes Of Traditional Control Methods To Vine Mealybug
Planococcus ficus (Signoret, 1875) (Hemiptera: Pseudococcidae) In The Vineyard Areas Of Aegean
Region

Nese Keskin?, Ferit Turanli ?
1 Directorate Of Plant Protection Research Institute Bornova, Izmir, Tlirkiye
2 Ege University, Faculty Of Agriculture, Department Of Plant Protection, 35100, Izmir, Tirkiye

Aegean Region has approximately 30% of the vineyard areas in Turkiye. Sultani seedless (Vitis
vinifera L.) is our registered variety, which is mostly grown and exported in this region. Vine mealybug,
Planococcus ficus (Signoret, 1875) (Hemiptera: Pseudococcidae) is among the pests that have an
increasing population in vineyard areas and negatively effect yield and market quality. Chemical and
biopesticide treatments, which are widely and effectively used throughout the world to control vine
mealybug, were tested in this study and their effectiveness was demonstrated. The trials were
conducted in Manisa province, two different districts in 2021, according to the Randomized Blocks
Trial Design, with 4 replications. The characters included in the trial were Spirotetramat (Movento ®),
Orange oil (Prev-Am ®), Peeling of bark + orange oil and control in two districts. Applications were
repeated intermittently, following the biology of Planococcus ficus. In the first trail area peeling of bark
+ orange olil, the repetitions showed an effect of 94.23%, 100%, 95.83% and 92.73%, respectively.
Peeling of bark + orange oil application showed an average effect of 95.70% when all repetitions were
evaluated. Repetitions in orange oil application showed an effect of 90%, 88.33%, 85.42% and
89.09%, respectively. Orange oil application showed an average effect of 88.21% when all repetitions
were evaluated. Trials in Spirotetramat application showed an effect of 100.00%, 100.00%, 93.75%
and 96.36%, respectively. Spirotetramat application showed an average effect of 97.53% when all
repetitions were evaluated. In the second trial area repetitions in peeling of bark + orange oil
application showed an effect of 95.38%, 98.08%, 100.00% and 92.59%. Peeling of bark + orange oll
application showed an average effect of 96.51% when all repetitions were evaluated. Repetitions in
orange oil application showed an effect of 93.88%, 92.31%, 94.00% and 98.15%. Orange oll
application showed an average effect of 94.58% when all repetitions were evaluated. Repetitions in
Spirotetramat application showed an effect of 96.92%, 98.08%, 100.00% and 100.00%. Spirotetramat
application showed an average effect of 98.75% when all repetitions were evaluated.

Keywords: Aegean Region, biopesticide, Chemical, orange oil, peeling, spirotetramat, systemic.

44



PP-08 Examination Of Lipolytic And Oxidative Changes During The Production Of Beef Prosciutto

Munevera Begié¢?, Aida Zulié, Ma?, Amina Neretljak, Ma!, Selma Corbo?, Halil Omanovi¢!
1 Faculty Of Agriculture And Food Science, University Of Sarajevo

Beef prosciutto is a traditional cured meat product that is produced on the territory of Bosnia and
Herzegovina. It is produced from the highest quality parts of beef carcass. Various scientific studies
have established that the flow of lipolytic and oxidative changes during processing depends on
conditions, especially temperature, NaCl content, moisture, etc. The aim of this research was to
determine the impact of production technology on the level of lipolytic and oxidative changes through
the stages of production, from fresh meat to the finished product, and the impact of these changes on
product quality. For research purposes, 10 samples were used, which were sampled 5 times, on fresh
meat, after the salting phase, after smoking, and after 10 and 20 days of ripening. Accordingly, the
total number of analyzed samples was 50. The samples were taken from different anatomical regions,
round and back musculature. Sensory and physical-chemical studies were performed on the tested
samples. Physical-chemical tests included the quantitative determination of moisture, fat, ash, NaCl,
aw and pH values, acid and peroxide numbers, and the level of lipid oxidation (TBA number). The
sensory evaluation and analysis of the obtained results established good quality, whereby all samples
of beef prosciutto were classified as extra class. Based on the presented results of physical-chemical
tests, observing the values of the analyzed parameters on the finished product, i.e. after the drying
phase, a higher content of moisture (38.31%-47.08%) was, and then ash (9.22%- 10.27%), NaCl
(8.64%-9.29%) and higher pH values (5.38-5.50). In the case of MLD samples, after the drying phase,
higher fat content (16.17%-18.25%) and aw values (0.849-0.873) were registered. A higher intensity
of oxidative changes was found in round samples (peroxide number 2.85 mmol O2/kg-4.00 mmol
02/kg; TBA number 0.83 mg MDA/kg-1.39 mg MDA/Kkg), which is explained by the higher content of
phospholipids that cause greater oxidative changes. A higher intensity of lipolytic changes was also
registered in round samples (acid number 3.24 mg KOH/fat-4.39 mg KOH/g fat). The reason for the
above can be explained by the higher moisture content and lower fat content, which led to higher
lipolytic activity.

Keywords: beef prosciutto, lipolytic changes, oxidative changes, production technology
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PP-09 The Effect Of Antioxidants On The Quality And Stability Of Palm Oil

Selma Corbo?, Munevera Begié?, Leila Rasgi¢!
! Faculty Of Agriculture And Food Science

The use of oil palm fruits (Elaeis guineensis) for the production of oil goes back several thousand
years. At a temperature of 18-20 °C, the oil is in a solid state, which is why it is also referred to as fat.
Oil has a specific chemical composition and physical properties. By processing oil palm fruit, a high
quality oil is obtained, which is used in various industries, with the largest application being in the food
industry. However, the quality of palm oil is determined by the production method, storage and storage
conditions. Storing the oil at high temperatures, exposed to light and oxygen leads to undesirable
changes that affect the quality of the oil or the product containing it. In order to achieve a higher
oxidation stability of palm oil, antioxidants are added in certain concentrations, which can be natural
or synthetic. For this study, extracts of rosemary, smoke tree, ginger, immortelle, milk thistle, sage and
extracts of medicinal plants were used as natural antioxidants at concentrations of 0.2%, while
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and propyl gallate (PG) were used
as synthetic antioxidants at concentrations of 0.01%. First, analyses of the moisture content, free fatty
acids and peroxide value were carried out on a control sample (without the addition of antioxidants).
After the addition of antioxidants to the palm oil, a sustainability test was carried out in a drying oven
at 63 °C, and sampling and determination of the peroxide value and free fatty acid content were carried
out every 24 hours up to a maximum of 120 hours. The tests carried out showed that from the group
of synthetic antioxidants, butylated hydroxytoluene (BHT) made the greatest contribution to the stability
of palm oil, while other synthetic antioxidants had a similar effect. In the group of natural antioxidants,
immortelle extract had the best effect, while sage and milk thistle extracts accelerated the oxidative
degradation of palm oil.

Keywords: palm oil, antioxidants, oxidative stability, fat quality
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PP-10 Development And Production Of Caffeine-Free Coffee Substitute: Date Seed Extract

Tugba Bolluk*
1 Dohler Gida Sanayi A.s.

Dates are an important agricultural product in many Middle Eastern countries and a staple food for the
people in this region. The nutritional value of dates, consisting of 11-18% carbohydrates, dietary fiber,
and protein, is of great significance in terms of nutrition. When examining consumer habits, it becomes
evident that the growing preference for healthy options that still offer familiar flavors has brought forth
the potential for the utilization of date seeds as a caffeine-free coffee alternative. Date seeds do not
have a specific aroma and have a mild bitter taste. They are typically light and dark brown in color.
Filter coffee is often intense in flavor, with a pronounced acidic profile and is often bitter. Date seed
coffee, on the other hand, has a milder flavor profile. Date seeds can naturally possess a sweet
characteristic, making date seed coffee offer a smoother and sweeter taste. While filter coffee is
typically consumed for its caffeine content, date seed coffee can be preferred as a caffeine-free
alternative. The aim of this study is to develop a new product as a caffeine-free coffee alternative by
experimenting with different process parameters. We have developed processes similar to filter coffee
by roasting and pre-processing date seeds at different temperatures. Our panelists have conducted
taste tests and product recipe studies. By determining the process steps for date seeds that can serve
as a coffee substitute both in taste and as a product, our research has been completed. On the other
hand, this study aims to contribute to sustainability and waste reduction goals. This study can provide
a healthy alternative to local consumers while also contributing to the country’s economy.

Keywords: Date, Date Seed, Extract, Date Seed Powder, Date Seed Coffee, Caffeine, Filter Coffee.
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Biological identification of cucumber
mosaic virus (CMV) isolated from tomato
and pepper fields in Izmir

Domates ve Biber Uretim Alanlarindan izole Edilen
cucumber mosaic virus (Cmv)'nin Biyolojik Karakterizasyonu

It has been summarized from the first author's master dissertation

ABSTRACT

Objective: A study was conducted to identify cucumber mosaic virus (CMV)
isolates present in tomato and pepper-growing areas of the izmir province of
Turkey, based on biological indexing and RT-PCR methods.

Material and Methods: Seventeen plant samples infected with CMV, previously
obtained from the Aegean region, were used to carry out mechanical inoculation
of virus into different test plants, consisting of Solanum lycopersicum ‘SC-2121’,
Nicotiana glutinosa, Nicotiana tabacum cv. Xanthi and Cucumis sativus ‘Beith
Alpha’. The virus-inoculated plants were visually evaluated for symptom
development, followed by the DAS-ELISA test with CMV-specific antibodies.
CMV-positive tobacco plants were used to repeat the mechanical inoculation of
the virus into newly grown test plants, followed by ELISA test and final PCR tests.
Results: As a result, two isolates of CMV produced CMV-like symptoms in the
test plants. However, only one isolate inoculated to plants consistently came out
to be positive in the final ELISA and RT-PCR tests. Three weeks after inoculation,
the isolate induced systemic mosaic in tobacco and cucumber, while it caused
mosaic, stunting, and bushy appearance in tomato.

Conclusion: Samples from inoculated plants produced a spesific PCR amplicon
(280 bp) in agarose gel, which indicates the presence of the virus.

0oz
Amag: izmir ilinin domates ve biber yetistirilen bélgelerinde bulunan Cucumber

mosaic virus (CMV) izolatlarinin biyolojik indeksleme ve RT-PCR yontemleri
kullanilarak karakterize etmek igin bir galisma yUrutilmustur.

Materyal ve Yontem: Onceden Ege Bélgesinden elde edilen CMV ile enfekte
olmus on yedi bitki 6rnegi, Solanum lycopersicum 'SC-2121', Nicotiana glutinosa,
Nicotiana tabacum cv. Xanthi ve Cucumis sativus 'Beit Alpha’ gibi farkli test
bitkilerine virisiin mekanik inokulasyonunu gerceklestirmek igin kullaniimistir.
Viris inokule edilmis bitkiler, belirti gelisimi agisindan gobrsel olarak
degerlendiriimis olup CMV'ye 06zgi antikorlarla DAS-ELISA testine tabi
tutulmustur. CMV pozitif tituin bitkileri, viriisiin yeniden yetistirilen test bitkilerine
viristiin mekanik inokulasyonu tekrarlamak igin kullaniimis olup ardindan ELISA
ve PCR testleri yapilmigtir.

Arastirma Bulgulari: Sonug olarak, iki CMV izolati test bitkilerinde CMV benzeri
belirtilere neden olmustur. Ancak bitkilere inokulasyon yapilan tek bir izolat, son
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ELISA ve RT-PCR testlerinde tutarl bir sekilde pozitif cikmistir. inokulasyondan
3 hafta sonra izolat titin ve hiyarda sistemik mozaik olustururken domateste
mozaik, bodurluk ve galilagsma gériinime neden olmustur.

Sonug: 8 Inokule edilen bitki drnekleri, agaroz jelde viriisiin varligini gésteren
virlise 6zgu spesifik PCR amplikonu (280 bg) olusturmustur.
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INTRODUCTION

Tomato (Solanum lycopersicum, Solanaceae) and pepper (Capsicum annuum,
Solanaceae) are major crops with significant economic and socio-cultural value worldwide
(Diez and Nuez, 2008). They contain various beneficial compounds like fiber, protein,
carbohydrates, vitamins, minerals, andantioxidants, which are essential for human health
(USDA, 2021). Turkey is the third largest producer of tomatoes and peppers globally, with
the Mediterranean, Aegean and Marmara regions (FAO, 2021). Cucumber mosaic virus
(CMV) is a plant virus that can infect over 1200 plant species belonging to 101 families
worldwide (Jacquemond, 2012). CMV is a major pathogen that affects various crops,
including cucumber, tomato, pepper and melon. The virus is transmitted by nearly 75 aphid
species in a non-circulative manner and can also be transmitted through mechanical
means, seeds and Cuscuta species (Palukaitis et al., 1992; Roossinck, 2001; Jacquemond,
2012). The symptoms of CMV infection on tomato and pepper plants may vary from
yellowing, mottling, or mosaic of leaves, leaf deformation, narrow leaves, bushy
appearance, and stunted growth, with shoe-string being the most characteristic symptom
(Palukaitis et al., 1992; Akhtar et al., 2008; Zitter and Murphy, 2009; Mahjabeen et al.,
2012).

Tomato and pepper production in Turkey have been facing several challenges, one
of them is the cases of frequent viral disease infections that possess a constant threat to
the tomato industry. In Turkey, CMV has been reported as a significant disease-causing
agent, leading to reduced yield and quality of affected crops. CMV is one of the common
plant viruses identified in Turkey based on various serological and molecular detection
techniques (Degirmenci and Uzunogullari, 2007; Uzunogullari and Gimusg, 2015; Glnes
and Gimus, 2019). CMV infection has been detected in tomato and pepper plants in Turkey
since 2002-2003 in Samsun, using ELISA (Arli-Sokmen and Sevik, 2006). In 2013,
Uzunogullari and Gimus (2015) detected CMV infection in tomato and pepper samples
collected from Bursa, Yalova, Istanbul, Bilecik, and Sakarya provinces using DAS-ELISA
and Real-Time PCR methods, with an infection rate of 87% and 69%, respectively. This
work is an attempt to characterize CMV isolates obtained from tomato and pepper growing
areas of the izmir province of Turkey based on biological indexing and RT-PCR method.
Virus-inoculated test plants were visually evaluated for symptom development for 3 weeks,
followed by a DAS-ELISA test with CMV-specific antibodies for further confirmation.

MATERIAL and METHODS
Virus isolates and test plants

Plant samples (Table 1) having CMV infection that had been previously acquired
from tomato and pepper growing areas of the izmir province in 2019-2022 and preserved
under appropriate temperatures (-20°C or -80°C) in the department of Plant Protection of
Ege University were used to carry out mechanical inoculation of the virus into different test
plants consisting of Nicotiana glutinosa, Nicotiana tabacum cv. Xanthi, Solanum
lycopersicum ‘SC-2121" and Cucumis sativus ‘Beith Alpha. After test plants inoculated with
CMV isolates, they were placed to growth chambers that set to 24-25°C with a 16-h
photoperiod for their growth and evaluating their symptom development.
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Table 1. CMV isolates used in mechanical inoculation.

Cizelge 1. Mekanik inokulasyonda kullanilan cucumber mosaic virus CMV izolatlari.

Name of virus isolates ~ Source of virus infection Sampling year

CMV-7 pepper 2019
CMV-14 pepper 2019
CMV-29 pepper 2019
CMV-32 pepper 2019
CMV-37 pepper 2019
CMV-39 pepper 2019
CMV-62 pepper 2019
CMV-72 pepper 2019
CMV-73 pepper 2019
CMV-75 pepper 2019
CMV-77 pepper 2019
CMV-82 pepper 2019
CMV-K tobacco 2019
CMV+TSWV-03 tomato 2022
CMV-B1 pepper 2022
CMV-B2 pepper 2022
CMV-D tomato 2022

Biological Identification

17 plant samples were separately ground with mortar and pestles in ice box. 5 ml,
0.05 M Potassium phosphate buffer having pH 7.2 and mixed with 1% Na2SOs3 (Igbal et al.,
2011) was added to avoid oxidation of virus particles and to facilitate their establishment
into plant cells. The solution containing virus particles and buffer was filtered through a
double-layered muslin cloth. Test plants were mechanically inoculated at 3-4 true-leaf
stage. Celite abrasive was sprinkled over the young leaves of test plants to create micro-
wounds. The ear picks dipped in the filtered solution were lightly rubbed on the wounded
leaves. Virus-inoculated plants were rinsed with tap water after 3-4 minutes and left for
observation for 3 weeks. The mechanical inoculation was repeated for CMV isolates that
found positive in the DAS-ELISA test. ELISA-positive N. glutinosa plants were used to
repeat the mechanical inoculation of the virus isolates into newly grown test plants made
up of the same species, followed by a second ELISA and a final RT-PCR test.

DAS-ELISA test

Test plants showing symptoms or suspected of CMV infection were tested for the
virus using the DAS-ELISA procedure as per the guidelines of Clark and Adams (1977) and
manufacturer's protocol (Bioreba, AG Switzerland). The procedure involved loading a 96-
well ELISA plate with a mixture of coating buffer and coating antibody, followed by
incubation and washing. Plant leaves were then ground in sterilized bags and added to
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extraction buffer. The plate was loaded with extraction buffer, positive and negative
controls, and plant samples, and kept overnight in a refrigerator. The plate was then
incubated with a mixture of conjugate buffer and conjugate antibody, followed by washing
and loading with substrate buffer and pNPP enzyme. Color formation was observed and
absorbance values were measured at 405 nm wavelength. The DAS-ELISA test was
repeated for new test plants after 3 weeks of second mechanical inoculation. Samples with
an absorbance value equal to or more than 2 times the value of negative control were
considered positive.

Reverse transcription polymerase chain reaction

The total nucleic acid was extracted from test plants, and cDNA was synthesized,
followed by RT-PCR amplification and gel electrophoresis. Only plants showing symptoms
of viral presence or testing positive in the DAS-ELISA test were included in the RT-PCR
test, while asymptomatic and ELISA-negative plants were excluded. The silica-based
extraction method outlined by Foissac et al., (2001) was used with minor modifications.
First, a mixture grinding buffer and B-mercaptoethanol was used to grind 100 mg of leaves
in sterilized plastic bags. First, Sarkosyl (10%) was added to each microcentrifuge tube and
incubated. The tubes were then chilled on ice and centrifuged before being moved into new
tubes containing sodium iodide and silica. Ethanol was added to each tube thereafter. The
tubes were then vortexed, shaken, and centrifuged. The liquid portion of the samples was
discarded, leaving nucleic acids attached to silica. The tubes were washed with a mixture
of washing buffer and ethanol solution. Afterward, the tubes were dried at room temperature
for a few minutes and supplied with RNA-free water. The tubes were centrifuged again and
the resulting liquid portion was used for further analysis. At the end of the procedure, the
total RNA concentration of each sample was measured using a spectrophotometer, and
the samples were stored at -20 °C for future use.

The total nucleic acid samples were converted to complementary DNAs using the
ABM Onescript Plus cDNA Synthesis Kit protocol. For each sample, 5 ml of the total nucleic
acid was mixed with 7.5 pl nuclease-free water, 1 pl dNTPs (10 mM), and 1 pl random
primer (mM), resulting in a total volume of 9.5 pl. The mixture was briefly centrifuged and
heated at 65°C for 5 minutes. Then, 4 ul 5xRT buffer, 1 yl RTase enzyme (200 U/ul), and
0.5 pyl RNAse OFF Ribonuclease Inhibitor (40 U/ul) were added to each tube. The tubes
were placed in a thermal cycler and subjected to cDNA synthesis for 10 minutes at 25 °C,
50 minutes at 50°C, and 5 minutes at 85°C. The resulting cDNA samples were stored at -
20°C until further use.

The cDNA samples were amplified with a CMV-specific primer set (Forward:
5’ ACTCTTAACCACCCAACCTT3 and Reverse: 5’AACATAGCAGAGATGGCGG3') as
previously described by Faggioli et al. (2005). Firstly, 2 pl of each cDNA sample was mixed
with nuclease-free water, 12.5 yl PCR master mix, 1 ul forward, and 1 pul reverse primer,
resulting in a total volume of 25 ul. The samples were then subjected to denaturation,
extension, and annealing with a CMV-specific program using the PE Applied Biosystems
Gene Amp PCR system 9700. The thermal cycling process consisted of 95 °C for 3
minutes, followed by 35 cycles of denaturation at 94 °C for 30 seconds, annealing at 55 °C
for 45 seconds, and extension at 72 °C for 45 seconds. The final extension step was
performed at 72 °C for 7 minutes.

To perform gel electrophoresis, RedSafe dye (iNtRON) was added to the mixture,
which was then poured onto the machine and left for 30 minutes. TAE-buffer solution was
added above the gel, and individual wells were loaded with samples following the horizontal
line. The gel was loaded with a 100 bp ladder and a positive control mixture, and the
remaining wells were loaded with samples. The gel was visualized and photographed under
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a UV-transilluminator (DNR Bio Imaging System) to detect approximately 280 base pair
nucleotide bands.

RESULTS and DiSCUSSION
Biological Identification

The CMV isolates used in this study for mechanical inoculation were found to cause
disease and produce symptoms in the test plants during 3 weeks post-inoculation period.
However, symptom development slightly varied depending on the virus isolates tested and
the plant species used for inoculation. Among the seventeen CMV isolates used for the
virus inoculation, only CMV-D and CMV-B2 isolates consistently produced symptoms in the
test plants when the mechanical inoculation was repeated after successful results in the
first trial. Both of these isolates were from the tomato and pepper fields of Izmir. The tomato
and pepper samples had leaf curling, leaf deformation, and mosaic-like symptoms,
suggesting the possibility of CMV infection before confirming with DAS-ELISA and RT-PCR
tests.

Tobacco plants inoculated with CMV-D and CMV-B2 isolates produced necrotic local
lesions after 4 four days on the virus-inoculated leaves. Previous literature suggests that
CMV induces systemic mosaic to vein clearing in N. glutinosa, depending on the virus strain
involved in the infection. The necrotic local lesions on inoculated leaves of tobacco implied
the possibility of mixed infection of tomato and pepper samples with more than one virus.
CMV-D inoculated tobacco plants started to show signs of systemic infection in its young
leaves after 14 days of virus inoculation. Mosaic pattern and vein banding were observed
in tobacco plants after 3 weeks of CMV-D infection (Figures 1 and 2). CMV-B2 isolate
inoculated tobaccos did not produce any distinct symptoms until the end of 3 week post-
inoculation period.

Figure 1. CMV-D isolate inoculated N. glutinosa showing mosaic, yellowing, vein banding and necrotic lesions.

Sekil 1. CMV-D izolati inokiile edilmis N. glutinosa mozaik, sararma, damar bantlagsmasi ve nekrotik lekeler
gOstermektedir.

Figure 2. CMV-D isolate inoculated N. tabacum cv. Xanthi showing vein banding.

Sekil 2. CMV-D izolati inokiile edilmis N. tabacum cv. Xanthi damar bantkagsmasi géstermektedir.
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CMV-D isolate inoculated tomatoes started to produce mosaic symptoms in their
emerging leaves after 2 weeks of virus inoculation. The mosaic pattern was more
pronounced after 3 weeks, accompanied by a mild form of leaf deformation (Figures 3 and
4). One of the plants was stunted with reduced leaf size and showed bushy appearance
(Figure 5). Similarly, CMV-B2 inoculated tomatoes started to produce mosaic patterns in
their young leaves after 2 weeks of virus inoculation. The mosaic pattern became more
distinct after 3 weeks of virus inoculation with lower leaves showing yellowing symptoms
(Figures 6 and 7). CMV-D inoculated cucumber plants produced mild mosaic at the end of
3 weeks of post-inoculation (Figures 8 and 9). CMV-B2, on the other hand, did not produce
any distinct symptoms on inoculated cucumbers, and the plants appeared to be stunted at
the end of 3-week virus inoculation period (Figures 10).

Figure 3. CMV-D isolate inoculated S. lycopersicum ‘SC-2121’ showing mosaic symptoms in emerging leaves.

Sekil 3. CMV-D izolati inokiile edilmis S. lycopersicum ‘SC-2121’ yeni gelisen yapraklarda mozaik belirtisi
gOstermektedir.

Figure 4. CMV-D isolate inoculated S. lycopersicum ‘SC-2121" showing mosaic and leaf deformation.

Sekil 4. CMV-D izolati inokiile edilmis S. lycopersicum ‘SC-2121" mozaik ve yapraklarda sekil bozuklugu
gl6stermektedir.

Figure 5. CMV-D isolate inoculated S. lycopersicum ‘SC-2121" showing stunting, narrow leaves with bushy
appearance symptoms.

Sekil 5. CMV-D izolati inokiile edilmis S. lycopersicum ‘SC-2121’ ciicelik, iplik yaprakliik ve c¢alilasma
gOstermektedir.
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Figure 6. CMV-B2 isolate inoculated S. lycopersicum ‘SC-2121’ showing mosaic symptoms.

Sekil 6. CMV-B2 izolati inokule edilmis S. lycopersicum ‘SC-2121" mozaik belirtisi géstermektedir.

Figure 7. CMV-B2 isolate inoculated S. lycopersicum ‘SC-2121’ showing mosaic and leaf yellowing symptoms.

Sekil 7. CMV-B2 jzolati inokiile edilmis S. lycopersicum ‘SC-2121’ mozaik ve yapraklarda sararma géstermektedir.

Figure 8. CMV-D isolate inoculated C. sativus showing mild form of mosaic symptom.

Sekil 8. CMV-D izolati inokiile edilmig C. sativus hafif siddette mozaik gbstermektedir.

v

Figure 9. CMV-D isolate inoculated C. sativus showing mosaic symptom.

Sekil 9. CMV-D izolati inokiile edilmig C. sativus mozaik géstermektedir.
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Figure 10. Reaction (stunting) of C. sativus inoculated with CMV-B2 isolate.

Sekil 10. CMV-B2 izolat inokiile edilmis C. sativus’un gésterdigi reaksiyon (clicelik).

DAS-ELISA test

The DAS-ELISA test was conducted on CMV-suspected or symptomatic test plants
after 3 weeks of the first mechanical inoculation. As a result, CMV-D and CMV-B2
inoculated test plants were found to be positive for the presence of CMV. The ELISA-
positive tobacco plants inoculated with these two isolates were used to repeat the
mechanical inoculation of the virus isolates into newly grown test plants of the same
species as before. Symptom development was monitored for another 3 weeks. However,
in the second DAS-ELISA test, only CMV-D inoculated test plants gave CMV-positive
results. On the other hand, CMV-B2 inoculated test plants gave CMV-negative results, even
though the virus-inoculated tomatoes were showing mosaic symptoms. Test plants
inoculated with the rest of the isolates either failed to produce any distinct symptom in the
test plants and/or failed to give CMV-positive results after the first mechanical inoculation
and thus removed from the experiment.

One of the isolates, named CMV+TSWV-03, contained both CMV and tomato
spotted wilt virus (TSWV). When inoculated into the test plants, it induced necrosis of
leaves in tobacco and tomato. However, it did not produce any distinct symptoms in
cucumber during 3-week evaluation period. The infected plants, when tested for the DAS-
ELISA using specific antibodies of both CMV and TSWV, gave positive results for TSWV
but negative results for the presence of CMV. Therefore, it was later removed from the
experiment.

RT-PCR

Test plants inoculated with CMV-D that displayed symptoms and tested positive for CMV
in the second DAS-ELISA test, as well as CMV-B2-inoculated tomatoes that exhibited
symptoms of viral infection but had negative ELISA results for CMV, were selected for RT-
PCR analysis. The process of RT-PCR involved the extraction of total nucleic acid, followed
by cDNA synthesis, PCR amplification, and finally, gel electrophoresis. The measurement
of total RNA concentration present in the samples was performed, and the results
suggested that test plants inoculated with both of these isolates had enough concentration
of RNA. When samples were converted to cDNA, they were subjected to RT-PCR
amplification with a CMV-specific primer set. This was followed by gel electrophoresis to
visualize the results. Out of all the test plants, only those inoculated with CMV-D showed
positive PCR results, producing a 280 bp nucleotide band in the agarose gel upon
visualization under a UV transilluminator. The PCR test yielded positive results for 5 test
plants in total. CMV-B2 isolate inoculated tomato samples, on the other hand, failed to
produce any bands as a result of gel electrophoresis and thus came out to be negative for
the presence of CMV (Figure 11).
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Figure 11. RT-PCR results of CMV-D and CMV-B2 inoculated test plants (L:DNA ladder; P:positive control; 1-
12:samples).

Sekil 11. CMV-D ve CMV-B2 inokule edilmis test bitkilerinin RT-PCR sonuglari (L:DNA ladder; P:pozitif kontrol; 1-
12:6rnekler).

The type and severity of symptom development induced by CMV in its host can vary
depending on the sensitivity and age of the host plant, environmental factors such as
temperature, and the viral strain involved in infection (Green and Kim, 1991; Palukaitis et
al., 1992; Salanki et al., 2018). This study was carried out to characterize the isolates of
CMV virus based on biological assaying and RT-PCR methods. When seventeen CMV
plant samples were mechanically inoculated into different test plants (N. glutinosa, N.
tabacum cv. Xanthi, S. lycopersicum ‘SC-2121’, and C. sativus ‘Beith Alpha’), the results of
biological characterization showed that both CMV-D and CMV-B2 isolates consistently
induced CMV-like symptoms. This was observed upon repeated inoculation using a similar
experimental setup. N. glutinosa has been extensively used as a propagative host for CMV
in an experimental setting where the viral strains have caused systemic mosaic to vein
yellowing with varied severities (Degirmenci and Uzunogullari, 2007). CMV-D induced
systemic mosaic in tobacco and cucumber, and it caused mosaic, stunting, and bushy
appearance in tomato, during 3 weeks of the evaluation period. CMV-B2 induced mosaic
and yellowing of leaves in tomato, stunting in cucumber, and no distinct symptom in
tobacco. Tomato is a significant host for CMV, and the symptoms that appear can vary
depending on factors such as the viral strain and the presence of other factors. These
symptoms may include mosaic patterns, mottling, leaf deformation, reduced leaf size, a
bushy appearance, stunting, and the appearance of shoe-string-like structures on the
leaflets (Degirmenci and Uzunodullari, 2007; Zitter and Murphy, 2009; Mahjabeen et al.,
2012). Similarly, CMV infection in cucumber could result in mosaic, vein clearing, and leaf
deformation (Degirmenci and Uzunogullari, 2007). The PCR test is considered to be more
sensitive than both biological indexing and serology-based tests for virus detection in
plants. Researchers have emphasized the importance of using more than one method for
better detection and reliable results for plant viruses (Legrand, 2015; Hou et al., 2020).

DAS-ELISA test with CMV-specific antibodies was conducted for virus-inoculated test
plants, in which both CMV-D and CMV-B2 inoculated plants were found to be positive.
However, only CMV-D inoculated test plants found to be positive in the second DAS-ELISA
test, which was conducted after the second mechanical inoculation. Similarly, only CMV-D
inoculated test plants were found to be CMV-positive by RT-PCR. The absence of positive
results for CMV in the final ELISA and PCR test for the CMV-B2 inoculated test plants may
indicate that this viral isolate was unable to establish itself in the test plants after the second
mechanical inoculation. It is possible that the reason for this failure is the presence of
another virus or some unforeseen factor, which may require further investigation to
understand. A separate study might be needed to find out the underlying reason and
mechanisms in more detail. Faggioli et al. (2005) used a primer set similar to the one used
in this study to detect the presence of CMV in olive plants suspected of being infected. The
primer set amplified the coat protein coding region of the viral genome, resulting in
approximately 280 bp nucleotide bands, indicating the presence of the virus. In this study,
CMV-D inoculated test plants consistently gave positive results for CMV based on
biological assays, DAS-ELISA, and final RT-PCR tests. The results of biological
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characterization of the CMV isolate used in this study align with the results of previous
similar studies mentioned above. An additional study of CMV-D isolate could be achieved
by performing its genome sequencing and phylogenetic analysis to better understand the
viral strain involved in infection. However, further studies should be conducted.
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ABSTRACT

Objective: The citrus longhorned beetle, Anoplophora chinensis Forster
(Coleoptera: Cerambycidae) is considered to be one of the most destructive,
wood-boring invasive pests. Since its first report in Turkiye, it has infested new
areas and started to become an important pest in agricultural areas. In this study,
the infested areas and the studies carried out are reviewed and the precautions
to be taken are mentioned.

Material and Methods: Infestations of Anoplophora chinensis in Tirkiye are
listed according to the survey results conducted by the Ministry of Agriculture and
Forestry in this paper.

Results: Following the first detection, this pest has been reported from seven
provinces of Turkiye and eradication efforts are still continuing.

Conclusion: Since it is forbidden to grow host plants in infected areas until
completely eradicated, it is of great importance to prevent new infections as they
significantly affect agricultural production and economy.

oz

Amag: Turunggil uzun antenli bdcegi, Anoplophora chinensis Forster
(Coleoptera: Cerambycidae) en tahripkar, doku ici istilaci zararlilardan biri oldugu
kabul edilmektedir. Turkiye'de ilk tespitinden bu yana yeni alanlara bulagsmis ve
tarimsal alanlarda énemli bir zararli haline gelmeye baslamistir.Bu calismada

bulagsma alanlari ve yuritilen galismalar gdézden gegirilerek alinmasi gereken
onlemlere deginilmistir.

Materyal ve Yontem: Bu calismada Tarim ve Orman Bakanligi tarafindan
yurutilen strvey sonuglarina gére Anoplophora chinensis bulagmalari verilmigtir.

Arastirma Bulgulan: IIk tespitinin ardindan, bu zararl Tiirkiye’de yedi ilde tespit
edilmigtir ve eradikasyon caligmalari devam etmektedir.

Sonug: Bulastigl alanlarda tamamen eradike edilene kadar konukgusu olan
bitkilerin yetistiriimesi yasak oldugu icin tarimsal retimi 6nemli sekilde etkilemesi
nedeniyle yeni bulagsmalarin 6nlenmesi buylk énem tasimaktadir.
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INTRODUCTION

The Citrus longhorn beetle, Anoplophora chinensis Forster (Coleoptera:
Cerambycidae), is recommended to be listed as a quarantine pest species by EPPO. While
it is considered the most important wood boring pest of citrus in Japan (Adachi, 1989), it is
also considered as one of the most destructive wood boring invasive species. Although the
native habitat of A. chinensis is East Asia, it has been distributed in China, Japan, Korea,
as well as in Malaysia, Myanmar, Taiwan, Vietnam, Indonesia and the Philippines. As an
invasive species, it has also been reported in Denmark, Croatia, Finland, France, the
United Kingdom, Switzerland and Italy. Eradication programs have been implemented in
the USA, Denmark, the Netherlands and Germany to control this pest. Although adults can
spread by flying over a distance of more than 2 km, they are carried longer distances by
plant material (Adachi, 1990). Main contaminations occur especially with the import of Acer
spp. and the other host plants from East Asia and other infested countries.

In Tarkiye, it was first reported as an alien insect species in 2014 by Hizal et al.
(2015). It was first recorded on Acer palmatum, A. saccharum and Salix caprea trees in a
nursey in Istanbul and despite eradication efforts, it continued to spread. In 2016, it was
reported on A. negundo L. trees in Antalya by Topakgi et al. (2017), later reported on A.
palmatum purperea, A. negundo flamingo and A. platanoides plants imported from China
in Bartin province by Yildiz et al. (2017). In the same year Eroglu et al. (2017) reported A.
chinensis on A. palmatum in Trabzon province. Authors state that the pest may have spread
from Istanbul to Trabzon by ornamental plants used for landscaping near the constructions
built for the European Youth Olympics Games 2011. After the detection on ornamental trees
in Trabzon, A. chinensis began to spread in hazelnut orchards surrounding the first infested
area. Till 2017, A. chinensis was an urban pest for Turkiye fauna, but in Trabzon it begun
to be an important pest of hazelnut which is the most important export product for the
agricultural economy of Turkiye. According to Cavagna et al. (2013) in Italy approximately
18.6% of the infested plants are Corylus spp. and the hazelnut trees are the second most
infested plants in Lommbardy region. As seen from the Italy example hazelnut production
is in the threat of this pest and spread of this pest should be restricted. In this study, the
spread of the pest in Tirkiye was revealed and the measures that should be taken to
prevent new infestations were emphasized.

MATERIAL and METHODS
Surveys

Anoplophora chinensis surveys in the hazelnut production areas, given in Figure 1,
were carried out between 2018 and 2022 years by the Provincial Directorates of Agriculture
and Forestry in accordance with the 'Citrus longhorned beetle survey instructions’,
determined by the Ministry of Agriculture and Forestry (Anonymus, 2021). Surveys were
carried out at least once a year in areas where the pest was unknown. In the infested
provinces, periodical surveys were conducted monthly during the year. Agricultural areas
with known host plants, nurseries and the places where plant materials imported from
abroad are located, distributed and stored were examined. Parks, gardens, private gardens
and landscape plants where imported plants can be planted in urban areas were also
examined. Visual signs of the presence of Anoplophora chinensis; a) larvae galleries and
holes opened by first instar larvae by peeling off the bark, b) adult exit holes are generally
10-15 mm in diameter, although it varies between 6-20 mm, c) sawdust debris resulting
from feeding and adult exit holes, d) swelling on the trunk, color change and deformation
of the bark tissue in saplings, e) flying adults, adults feeding on the green parts of the plant
and feeding scars, f) traces of adults laying their eggs on the tree were examined during
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the surveys. Survey results were reported monthly to the Hazelnut Research Institute. In
this study, only the locations where contamination was detected as a result of the surveys
are given chronologically.

Figure 1. Hazelnut production and survey areas in Turkiye.

RESULTS and DISCUSSION

After the first detection of Anoplophora chinensis in Trabzon, monitoring surveys has
been started in a 2 km radius area. In Trabzon, after the monitoring surveys 108.2 hectars
of hazelnut orchard was found infested + buffer zone in Magka in 2018 (Figure 2).

Figure 2. Infested and buffer zones according to a) 2018, b) 2019 surveys in Trabzon.

In order to limit the spread of A. chinensis in Macgka district of Trabzon, insecticide
applications were carried out against adults, but the insect was detected in 250 ha in 2020
surveys. While eradication efforts were continuing in Trabzon, new contaminations has
been detected in Sakarya and Kocaeli provinces. This has been the first report of A.
chinensis from Sakarya and Kocaeli provinces. In July and September surveys totally 71.82
decars of hazelnut orchards were found to be infested in Arifiye district of Sakarya and all
of the infested trees were removed immediately. Also it was detected in July and August
surveys in Basiskele district of Kocaeli province. In 2020, totally 55 trees were found to be
infested and all the infested plants were removed in Kocaeli. In addition to eradication of
infested plants, insecticide application against adults in 5 decars of hazelnut orchards were
carried out during the summer.

In 2021, the infested area in Trabzon enlarged to 409 ha and the pest was detected
also in Ortahisar district (Figure 3). That year 400 hectars of hazelnut orchards were
eradicated, insecticide applications were carried out against the adults in the infested arae.
The government made a compensation payment of 2.6 dollars per kg in order to cover the
income losses of hazelnut producers who cutted hazelnut trees in return for not re-
establishing hazelnut orchards for 4 years of prohibition period (Turan and Erdogan, 2022).

Figure 3. Infested and buffer zones according to 2021 surveys in Trabzon.
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In July of 2021 new infested plants were detected in Basiskele district of Kocaeli.
Infested 17 plants were removed and insecticide applications were carried out in 25 decars
of hazelnut orchards in order to eliminate any adults of the pest which could be unobserved.
Also the pest was detected again in Arifiye disrict of Sakarya province in that year. Totally
29.06 decars of hazelnut orchards were infested and the plants in these area had been
eradicated in the same year. In 2021, out of hazelnut production areas, the pest was
detected on ornamental trees in Diyarbakir province (unpublished) and it was stated that
all the infested host plants were removed under the control of Directorate of Diyarbakir
Agriculture and Forestry.

In 2022, A. chinensis was found on an alder tree in a hobby garden in the city center
of Rize province, based on a sample came from producer to the Directorate of Rize
Agriculture and Forestry. In the surveys carried out within a 2 km radius, feeding scars of
adults were detected on Acer spp. trees near the infested plant and two Acer spp. plants
were found with exit holes in a nursery. The infested plants in the nursery were eradicated
under the control of Directorate. During the monitoring surveys, 120 infested and
suspicious plants has been detected.

In 2023, A. chinensis was detected in Sakarya for the third time near the Hendek,
Duzce border. Monitoring surveys are continuing around the infested trees. Since the first
detection of A. chinensis in 2014 in Istanbul, within 9 years it has been reported from 7
provinces of Turkiye (Figure 4). Cavagna et al. (2013) states that the Lombardy Region of
Italy has been engaged in survey and eradication efforts against the A. chinensis invasion
since 2000 and studies have been carried out in 4 provinces and over 70 municipalities in
an area of 400 km?. Eradication efforts in Lombardy Region consisted of removing about
30.000 trees under the supervision of the Plant Protection Service. Since 2004, year of
implementation of the contingency plan till 2015, 20 millions Euros have been spent by the
local authorities for tree removal, stump grinding, replantation, survey and monitoring,
public awareness campaigns, and scientific research (Maspero, 2015). Turan and Erdodan
(2022) states that by the end of 2021, 539 growers were paid of about 1.975,000 $ for
compensation in Turkiye. Compensation payments will continue in 2024, according to
Official Gazette dated 10/11/2023 and numbered 32365. In the Plant Quarantine
Compensation Support Implementation Communiqué; the total amount for hazelnuts is
stated as 555.5 $ /decare for the 4-year quarantine period (Anonymus, 2023).

Y

Figure 4. Infestation map of Anoplophora chinensis Forster in Turkiye as of 2023.

Since the active spread of Anoplophora chinensis is very restricted, most of the
infestations has been due to transportation of living plant material. The fact that A. chinensis
infestations have been detected in agricultural areas or urban areas in Tlrkiye except
Trabzon (in nursery), indicates that the pest may have been spread by living plant materials
bought from an infested nursey and because of that pest has emerged populations in that
areas in previous years, so it is possible that new infestation points may be found in these
provinces or in new provinces. Also this situation shows that nurseries in the infested
provinces should be checked strictly by periodical surveys having been conducted by the
Ministry of Agriculture and Forestry.

68



Infested plants are eradicated and nationwide surveys are conducted to detect new
infestations in Tlrkiye. Insecticides are applied against adult beetles in quarantine and
buffer zones to support the eradication of infested and host plants. Research is being
conducted to understand its biology and behavior to limit its spread. In addition, quarantine
measures should be carried out more carefully in the import and transportation of host
plants from infected regions and countries.
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ABSTRACT

Objective: Pistachio cannot be grown economically everywhere due to the
special climatic requirements. Southeastern Anatolia is the only region in Turkey
where pistachios are produced economically. Soil-borne fungal pathogens that
cause root rot, wilting and dying are the most important problems in pistachio
production. The aim of this study is to investigate how some rootstocks respond
to significant soil pathogens.

Material and Methods: In this study, seven rootstocks Pistacia khinjuk L.
(Buttum), Pistacia terebinthus L. (Menengi¢), UCB1 (Pistacia Atlantica x P.
integerrima), and four standard pistachio rootstocks from Pistacia vera L (Siirt,
Halabi, Kirmizi, and Uzun) were evaluated against four pathogens (Rhizoctonia
solani Rs2, Fusarium solani KY1, Fusarium proliferatum FOY1-5, and
Macrophomina phaseolina FOY1-7). Following the preparation of pathogen
inoculums, 25 g of each was contaminated into the root zone of 1-year-old
saplings. Regular irrigation and cultural processes were implemented throughout
the experiment, which was conducted in a greenhouse with four replications. The
evaluation noted drying and defoliation of plants throughout the experiment. In
the final stage, the saplings were carefully removed and assessed on a 0-5 scale,
considering the symptoms observed in both the root and root collar.

Research Findings and Conclusion : The rootstocks exhibited varying degrees
of disease reactions to pathogens. Generally, Menengig, Buttum, and UCB1
demonstrated lower susceptibility to diseases caused by pathogens, whereas
Kirmizi, Uzun, Halebi, and Siirt displayed the highest disease rates, respectively.
Furthermore, the most pathogenic isolates on the rootstocks were identified as F.
solani KY1, R. solani Rs2, M. phaseolina FOY1-7, and F. proliferatum FOY1-5,
respectively.

0oz

Amag: Antepfistigi 6zel iklim istekleri nedeniyle ekonomik olarak her yerde
yetistirilememektedir. Glineydodu Anadolu, Tirkiye'de antepfistiginin ekonomik
olarak Uretildigi tek bolgedir. Antepfistigindaki en énemli problemlerden biri de
kok ¢Urtkliga, solgunluk ve kurumaya neden olan toprak kokenli fungal

patojenlerdir. Bu galismanin amaci antepfistiinda bazi anaglarin énemli toprak
patojenlerine karsi nasil tepki verdigini arastirmaktir.

Materyal ve Yontem: Calismada Pistacia khinjuk L. (Buttum), Pistacia
terebinthus L. (Menengig), UCB1 (Pistacia Atlantica x P. integerrima) ve Pistacia
vera L menseli dort standart antep fistigi anaci (Siirt, Halabi, Kirmizi ve Uzun)
olmak uzere yedi anag kullaniimistir. Bu anaclarin Rhizoctonia solani Rs2,
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Fusarium solani KY1, Fusarium proliferatum FOY1-5 ve Macrophomina
phaseolina FOY1-7 patojenlerine karg! reaksiyonlari degerlendirilmistir. Patojen
inokulumlari, 1 yasindaki fidanlarin kok bolgesine her birinden 25 g
bulastinimistir. Deneme, sera kosullarinda 4 tekerrlrli olarak yurGtulmustar.
Degerlendirmede, Deneme siresince yaprak déken ve kuruyan bitkiler kayit
edilmis, Son asamada fidanlarin kok ve kék bogazinda olusan belirtiler dikkate
alinarak 0-5 skalasina goére degerlendirilmistir.

Arastirma Bulgulari ve Sonug: Anaglar patojenlere karsi degisen oranlarda
hastalik reaksiyonlari gostermislerdir. Genel olarak Menengi¢, Buttum ve UCB1
patojenlerin neden oldugu hastaliklara karsi daha dislk duyarlilik gésterirken,
sirasiyla Kirmizi, Uzun, Halebi ve Siirt en yiksek hastalik oranlarina
yakalanmislardir. Ayrica anaglar (izerinde en patojen izolatlarin sirasiyla F. solani
KY1, R. solani Rs2, M. Phaseolina FOY1-7 ve F. proliferatum FOY1-5 oldugu
belirlenmistir.

72



INTRODUCTION

Pistachio (Pistacia vera L.) has its origins in Asia Minor, Iran, Syria, Lebanon, the
northern Caucasus, Turkmenistan, and Afghanistan. Wild or semi-wild forms of this tree
have been cultivated in Afghanistan, Northwest India, Iran, Turkey, Syria, and other
countries in the Near East and North Africa for many years (Eskalen et al., 2001). The top
five pistachio-producing countries in the world include the United States, Iran, Turkey,
China, and Syria, followed by India, Greece, and Pakistan. In Turkey, the total pistachio
cultivation area spans approximately 370 thousand hectares, with an average annual
production of 158,000 tons.

The economic cultivation of pistachio is confined to specific regions due to its distinct
climatic requirements. In Turkey, intensive pistachio cultivation is carried out in the
Southeastern Anatolia Region. Pistachio production faces various limiting factors, including
periodicity, climatic conditions, fertilization, nutrition, diseases, and pests.

A significant limiting to pistachio production is plant diseases, with increasing complaints
from producers in the Siirt province about the drying of some trees in pistachio orchards in
recent years. Upon examination of the affected trees, infections in the roots leading to root
rot were observed. Previous studies have reported that drying in pistachio trees causing by
pathogens such as Verticillium dahliae, Macrophomina phaseolina, Rhizoctonia solani, and
certain Fusarium species (Banihashemi, 1995; Aminaee and Ershad, 1999; Anonymous,
2008; Aydin, 2019; Crespo Palomo et al., 2019; Aydin and Unal, 2021;Aydin et al.,2023).

The responses of varieties and rootstocks are crucial in controlling these significant
pathogens. Developing or identifying resistant varieties has proven to be one of the
effective methods for controlling soil-borne pathogens worldwide.

Pistachio varieties grown in Turkey include 'Uzun," which is cultivated in the Antep and Urfa
regions and has an oval or plump shape, and those cultivated in the Siirt region. The
rootstocks comprise Buttum (Pistacia khinjuk L.), Menengi¢ (Pistacia terebinthus L.), and
Atlantic mastic (Pistacia atlantica L.) (Tekin et al., 2001). The UCB-1 rootstock, of American
origin, has seen an increase in planting areas in recent years. Various studies have
reported different levels of tolerance to abiotic factors for these varieties and rootstocks
(Epstein et al., 2005; Fani et al., 2006; Atli et al., 2014; Yasar et al., 2014). However, the
reactions of these varieties and rootstocks against soil pathogens, significant biotic factors,
have not been investigated in Turkey. One of the most significant studies globally is the
development of the UCB-1 pistachio rootstock in California, USA as a against the
Verticillium dahliae pathogen. (Epstein et al., 2004).

The objective of this study is to assess the responses of varieties and rootstocks to
certain crucial soil pathogens previously identified in the Siirt region.

MATERIALS and METHODS

In this study, three rootstocks (Pistacia khinjuk L., Pistacia terebinthus L., and UCB-
1) were employed, along with four standard pistachio rootstocks derived from Pistacia vera
L (Siirt, Halebi, Kirmizi, and Uzun). Some of these materials were acquired from seeds,
while others were procured as saplings from nurseries. The reaction experiment was
conducted on one-year-old saplings. The inoculum was prepared by combining wheat
grain, bran, and corn flour (100g wheat + 10g corn) with distilled water (200 ml).
Subsequently, the mixture underwent sterilization twice in an autoclave at 121°C for 15
minutes. Aliquots were then taken from cultures of Fusarium solani KY1, Rhizoctonia solani
Rs2, Macrophomina phaseolina FOY1-7, and Fusarium proliferatum FOY1-5, which had
been grown on Potato Dextrose Agar (PDA) for a week. These aliquots were added to the
sterile mixture in the bottle. After a three-week incubation period, 25g of the inoculum was
applied to the root zone of each sapling. The experiment, conducted with four replications,
involved maintenance operations such as periodic watering and weeding throughout the
trial period.
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Assessment

The evaluation of disease symptoms caused by pathogens on the rootstocks took
place four months after establishing the experiment. The saplings were removed and
assessed for root rot, crown rot, and wilt using a 0-5 scale. In this scale, 0 indicates no
lesion, and the plants are considered healthy. Ratings progress as follows: 1 indicates
damage to 20% of the roots or slight wilting of the upper parts; 2 indicates root damage
ranging from 21 to 40% and the loss of some lateral roots or 1/3 wilting of the upper parts;
3 indicates root damage ranging from 41 to 60% and the loss of most lateral roots or half
wilting of the upper parts; 4 indicates root damage ranging from 61 to 80%, and the loss of
most lateral roots or 3/4 wilting of the upper parts, while 5 indicates root damage ranging
from 81 to 100%, and the loss of all lateral roots or complete wilting of the upper parts.

The results were evaluated by rating the severity of disease symptoms for each
replicate. The percent of disease severity was calculated using Equation 1 (Towsend and
Heuberger 1943).

Severity of disease (%) =2 (nx V) x100/Z x N (Eq.1)

In the equation; n is the number of plants in different damage groups, V is degree of
damage into groups, N is total number of plants subjected to control, and Z is the highest
scale value.

Data were evaluated using analysis of variance; Differences between means were
compared with the Least Significant Difference test. All statistical analyzes were performed
using JMP 13 statistical software.

RESULTS and DISCUSSION

The experiment with 1-year-old seedlings in the greenhouse was evaluated four
months after inoculum contamination. Drying and defoliation of plants were noted
throughout the assessment. In the final stage, saplings were removed and assessed based
on a 0-5 scale, considering symptoms in the root and root crown. The evaluation results
are presented in Table 1 and Figure 1

Table 1. Disease reactions of pistachio rootstocks against some pathogens (%)

Tablo 1. Antep fistigi anaglarin bazi patojenlere kargi hastalik reaksiyonlari (%)

Pathogens

Rootstock R.solani Rs2 F.solani KY1 F.proliferatum FOY1- M.Phaseolina
5 FOY1-7

Buttum (Pistacia khinjuk L.) 50,0¢%fe" 25,0" 40,0¢fn 30,09"
Menengigc (Pistacia 60,0°cde 35,01 30,09 35,0f"
terebinthus L.)
UCB-1 40,0°% 60,00°cde 35,0/ 40,0¢fh
Siirt (Pistacia vera L) 65,0%0cd 70,03b¢d 70,030cd 70,0%0cd
Halebi (Pistacia vera L) 80,0 80,0% 80,0% 55,00def
Kirmizi (Pistacia vera L) 65,03bcd 70,0%cd 70,02bcd 85,0?
Uzun (Pistacia vera L) 85,02 80,0 80,0 75,0%°

* According to Duncan's multiple test, the difference between the same letters in the same column is
insignificant with P < 0.01.
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Figure 1. Disease reactions of pistachio rootstocks against some pathogens (%)

Sekil 1. Antep fistigi anaglarin bazi patojenlere karsi hastalik reaksiyonlari (%)

Based on the data in Table 1 and Figure 1, different disease reactions are observed
among rootstocks against pathogens. Kirmizi, Uzun, and Halebi appear to be the most
sensitive rootstocks to R solani Rs2, M. phaseolina FOY1-7, and F. proliferatum FOY1-5.
Conversely, Buttum and Melengi¢ emerge as the most tolerant varieties against F. solani
KY1. Additionally, isolates F. proliferatum FOY1-5 and R solani Rs2 exhibit lower
effectiveness, causing only 40% disease on the UCB-1 rootstock. Uzun exhibited the
highest susceptibility among the rootstocks to all pathogens, followed by Halebi, Kirmizi,
and Siirt, respectively. In general, Buttum, Melengi¢, and UCB-1 were the rootstocks least
affected by all pathogens, respectively. While some rootstocks demonstrated a certain
degree of tolerance to more than one pathogen, they also displayed greater sensitivity to
other pathogens. For instance, Buttum, a significant rootstock in the Siirt region, showed a
25.5% infection rate by F. solani KY1 but was affected by R. solani Rs2 at a rate of 50%.
Similarly, Melengi¢ was 60% more affected by R. solani Rs2 than by other pathogens. The

appearance of some rootstocks is presented in Figure 2 during the trial evaluation phase.
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Figure 2. Symptoms of pathogens on some rootstocks; (A) R. Solani Rs2 on Uzun, (B) M. phaseolina FOY1.7
on Halebi, (C) F. Solani KY1 on UCB-1, (D) F. proliferatum FOY1.5 on Uzun, (E) M. phaseolina
FOY1.7 on UCB-1, (F) F. Solani KY1on Uzun

Sekil 2. Bazi anaglarda patojenlerin olusturdugu belirtiler; A) Uzun Gzerinde R. Solani Rs2, (B) Halebi
uzerinde M. phaseolina FOY1.7, (C) UCB-1 iizerinde F. Solani KY1, (D) Uzun Uzerinde F
proliferatum FOY1.5, (E) UCB-1 lzerinde M. phaseolina FOY1.7, (F) Uzun lzerinde F. Solani
KY1

Controlling the disease is particularly challenging due to the persistent nature of soil
pathogens, such as Rhizoctonia and Fusarium. These pathogens can survive in the soil for
extended periods, possess competitive abilities, exhibit rapid growth, and have a broad
host range (Lewis and Papavizas, 1991; Astrém and Gerhardson, 1988; Saremi et al.,
2010). Therefore, it is imperative to explore alternative methods, such as tolerant varieties
or biological control. Notably, in the California region of the United States, tens of thousands
of pistachio trees were cut down in recent years due to Verticillium dahliae infections, a
significant soil pathogen. Extensive research on resistant varieties has been conducted,
leading to the development of the UCB-1 rootstock (Epstein et al., 2004). Based on the
findings of this study, recommending Buttum and Menengi¢ as rootstocks would be more
appropriate, especially in areas facing challenges in controlling soil pathogens.
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ABSTRACT

Objective: The most significant challenges in pistachio production arise from soil-
borne fungal pathogens, leading to issues such as root rot, wilting, and plant
mortality. Globally recognized as major threats to pistachio cultivation,
Phytophthora species and Verticillium dahliae top the list of critical soil pathogens.
However, under conditions of high temperature and low humidity, pathogens like
Rhizoctonia solani, Fusarium spp., and Macrophomina phaseolina (Tassi) Goid.
are anticipated to cause substantial economic damage. The objective of this
study was to determine the effectiveness of certain fungicides [Bellis® (25.2%
Boscalid + 12.8% Pyraclostrobin, 80 g/100 L) and Optix-R® (20% Fosetyl-Al +
15% Tribasic copper sulfate equivalent to metallic copper, 500 g/100 L)] against
root rot and wilt pathogens (Fusarium spp. and Phytophthora spp.) in pistachio in
southeastern Turkey.

Material and Methods: Fungicide applications were carried out in two pistachio
orchards. The first orchard was identified as infected with Phytophthora spp.,
while the second was infected with F. solani and Fusarium spp. Four sprayings
were conducted, twice for each fungicide, with two-week intervals. To achieve
this, the soil around the roots and crown of the trees was stripped, and both this
area and the trunk were thoroughly sprayed using a knapsack sprayer to ensure
thorough wetting. The experiment was arranged with four replications, each
consisting of three trees. In the evaluation phase, the roots and root collar of the
trees were inspected for infection and categorized as non-infected or infected.

Research Findings and Conclusion: The effectiveness rate of fungicides in the
orchard contaminated with Phytophthora spp. was 68.75%, while in the orchard
contaminated with Fusarium spp., this rate was found to be 43.75%.

0z

Amag: Antepfistigi tretimindeki dnemli sorunlardan biri de toprak kdkenli fungal
patojenlerden kaynaklanmaktadir. Bu patojenler kok gurtkligu, solgunluk ve bitki
olimlerine yol agmaktadir. Antepfistigi yetistiriciliginde Diinya genelinde blyuk
tehdit olarak kabul edilen patojenler, Phytophthora turleri ve Verticillium dahliae
dir. Ancak yuksek sicaklik ve disik nem kosullar altinda Rhizoctonia solani,
Fusarium spp. ve Macrophomina Phaseolina gibi patojenler éne ¢ikmakta ve
blyuk ekonomik zararlara yol agmaktadir. Bu ¢alismanin amaci bazi fungisitlerin
[Bellis® (%25,2 Boscalid + %12,8 Pyraclostrobin, 80 g/100 L) ve Optix-R® (%20
Fosetyl-Al + %15 Tribazik bakir siilfat esdeger metalik bakir, 500 g/100 L)]
antepfistiginda kok c¢lruklugu ve solgunluk patojenleri olan Fusarium spp. ve
Phytophthora spp. kars! etkinligini belirlemektir.

Materyal ve Yontem: ki farkli antepfistigi bahgesinde deneme kurulmustur.
Birinci bahgedeki agaglarin Phytophthora spp. ile, ikinci bahgenin ise F. solani ve
Fusarium spp. ile daha 6nce enfekteli oldugu belirlenmisti. Denemede her
fungisit icin iki hafta arayla ikiser kez olmak Uzere dért ilagclama yapilmistir.
Uygulamalarda agaglarin kok ve kdk bogazinin etrafindaki topraklar kaldiriimig
ve bu kisimlar ile gévde kismi sirt pllvirizatéra ile 1slatiimistir. Denemede her
parsel U¢ agactan olugsmus ve dort tekerrurli olarak kurulmustur. Degerlendirme
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asamasinda agagclarin kokleri ve kék bodazi enfeksiyon agisindan incelenmis ve
hasta-saglam olarak kayit edilmistir.

Arastirma Bulgulan ve Sonug: Phytophthora spp. ile bulasik bahgede
fungisitlerin etkinlik orani % 68,75 iken, Fusarium spp. ile bulagik bahgede ise bu

oran, %43,75 olarak bulunmustur.
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INTRODUCTION

The leading pistachio producers globally are the United States of America, Iran, and
Turkey, followed by India, Syria, Greece, and Pakistan. In Turkey, the total pistachio
cultivation area is approximately 380,000 hectares, with an average annual production of
160,000 tons. The province of Siirt ranks third in Turkey, with a cultivation area of 36,000
hectares and a production of 31,000 tons (TurkStat 2020).

The incidence of various diseases and pests has risen with the expansion of the
cultivation area. Tree mortality, attributed to soilborne pathogens, is notably widespread in
orchards. During the initial phase, wilting and defoliation become evident in the upper parts
of trees, accompanied by browning and darkening observed in the roots, along with crown
rot on deceased trees. These soilborne pathogens can lead to the development of root rot,
crown rot, and wilting, ultimately causing significant damage to pistachio trees. In the
extensive literature, the following pathogens have been described as crucial causal agents:
Armillaria mellea (Vahl) P. Kumm, Phymatotrichopsis omnivore (Shear) Hennebert, Eutypa
lata (Persoon: Fries) Tulasne and C. Tulasne, Cytospora terebinthi Bres., Phytophthora
capsici Leonian, Phytophthora citricola Sawada, Phytophthora citrophthora (Smith and
Smith) Leonian, Phytophthora cryptogea Pethybr.& Laff., Phytophthora nicotianae Breda
de Haan., Scelerotinia sclerotiorum (Lib) de Bary, Rhizoctonia solani Kihn., Verticillium
dahlia Kleb., and Fusarium spp. Link. (Chitzanidis 1995; Michailides et al. 1995; Eskalen
et al. 2001; Teviotdale et al. 2002; Tiirkélmez et al. 2015; Aydin and Unal 2021;Aydin et
al.,2023).

Currently, in Turkey, there are no licensed fungicides specifically targeting soil
pathogens responsible for drying in pistachio trees. Nevertheless, in recent years, new
formulations have been developed to control certain soil pathogens and have received
licensing for application on specific plants. It has become imperative to research and test
preparations with the potential to effectively control soil pathogens in pistachio trees.
Notably, Fosetyl-Al has been licensed for use against brown and stem rot disease
(Phytophthora citrophthora), significant diseases in citrus fruits (Anonymous, 2008). Some
previous studies have reported success in applications against Phytophthora species on
various plants. Fosetyl-Al, for instance, is licensed for combating brown rot and stem
gummy disease (Phytophthora citrophthora), both of which are significant diseases in citrus
fruits (Anonymous, 2008). Moreover, Turkdlmez and Dervig (2017) conducted tests using
the fungicides Fosetyl-Al and phosphorous acid against root and crown rot caused by
Phytophthora palmivora on apricot and cherry trees in the Southeastern Anatolia Region.
The study found that both Phosphorous acid and Fosetyl-Al significantly reduced root rot.

Fusarium species typically induce seed, seedling, root, crown rot, and wilt in plants.
As a consequence of vascular bundle blockage, symptoms progress to wilting and drying
in advanced stages (Arie, 2019). It has been reported that certain Fusarium species, such
as F. solani, F. equiseti, and F. proliferatum, cause diseases in pistachio orchards and
nurseries (Triki et al., 2011; Nouri et al., 2018; Cerespo et al., 2019; Aydin et al., 2023).

In this study, certain fungicides, although not licensed, were tested for their potential
effectiveness against root rot and wilt disease in pistachio under field conditions.

MATERIALS and METHODS

The trials were conducted in the Kayabaglar and Dikilitas locations in the Siirt
province, which were found to be naturally contaminated. In surveys conducted a year ago,
it was determined that the first garden was infected with Phytophthora spp, and the second
garden was infected with other Fusarium spp., especially Fusarium solani. The fungicides
used in the trials are listed in Table 1.
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Table 1. Fungicides Used in the Experiment, Ingredient Substances, and Dosages

Tablo 1. Denemelerde kullanilan fungisitler, etkili maddeler ve dozlari

Commercial name Effective ingredient Usage Dosage

Bellis® %25,2 Boscalid + %12,8 Pyraclostrobin 80 g/100 L

Optix-R® %20 Fosetyl-Al + %15 Tribasic copper sulfate equivalentto | 500g/100 L
metallic copper

The experiment was set up in orchards with rows measuring 6 m and 8 m, and tree
ages ranging from 15 to 25 years. Four trees were selected in each plot. Spraying was
conducted a total of four times, with a two-week interval between each application and
twice for each fungicide (1st spraying: April 25, 2023; 2nd spraying: May 10, 2023; 3rd
spraying: May 25, 2023; and 4th spraying: June 10, 2023). To achieve this, the soil around
the roots and crown parts of the trees was scraped, and the root and trunk parts were
moistened using a knapsack sprayer. The experiment was arranged with four replications
following a randomized block trial design, with four trees identified in each plot.

Assessment

Evaluation took place in the second week of July. Treated trees in each plot were
compared with untreated trees in the control plot and categorized as unhealthy/healthy.
After counting the plants, the disease percentage of the trees, classified as healthy and
diseased, was determined. The percentage effects of the fungicide were calculated by
applying the Abbott formula

Efficiency (%): (X-Y) x 100/X

X: Average disease severity in positive control plots (%)
Y: Average disease severity in treated plots (%)

The significance of differences between treatments was assessed through analysis
of variance, and the LSD test was employed to compare treatment means at a significance
level of P < 0.05.

RESULTS and DISCUSSION
Trial controls were conducted periodically, and the evaluation was carried out after
a sufficient level of disease was observed in the untreated plots. The results of the

evaluations are presented in Table 1 and Figure 1.

Table 2. Effectiveness of Fungicide in Orchard Contaminated with Pathogens

Tablo 2. Patojenlerle bulasik bahgelerde fungisitlerin etkinligi

Bahge | Patojen Average of % Effect According
No Replications to Abbott
(%)
1 The effectiveness of the fungicide in the orchard 31,25¢ 68,75
contaminated with Phytophthora spp.
1 Control 100,0 a -
2 The effectiveness of the fungicide in the orchard 56,25 b 43.75

contaminated with F. solani ve Fusarium spp.

2 Control 100,0 a -

* According to Duncan's multiple test, the difference between the same letters in the same column is
insignificant with P < 0.05.

84



Figure 1. Effectiveness of Fungicide in Orchard Contaminated with Pathogens

Sekil 1. Patojenlerle bulasik bahgelerde fungisitlerin etkinligi

% Effect according to Abbott

= The effectiveness of the fungicide in the orchard contaminated with Phytophthora spp.

Table 1 and Figure 1 illustrate the effectiveness of the pesticides in both orchards. It
is evident that the applications were effective to a certain extent in both cases. However,
the effectiveness of the applications in the second orchard is notably lower than in the first.
Specifically, the effectiveness rate of fungicides in the orchard infested with Phytophthora
spp was 68.75%, while this rate was observed to be 43.75% in the orchard infested with
F.solani and Fusarium spp.

Fosetyl-Al and metalaxyl-M are systemic fungicides commonly employed against
Oomycetes members. Phosphorous acid, also systemic, is a degradation product of
fosetyl-Al. It is transported from the shoots and sprouts of the plant to the roots, exerting
both direct and indirect effects on Phytophthora species. Directly, it inhibits a specific
process (oxidative phosphorylation) in the metabolism of oomycetes. Indirectly, it
stimulates the plant's defense mechanism against pathogen attacks (McGrath, 2004;
Smillie et al., 1989). Turkdlmez and Dervis (2017) conducted tests on the fungicides
Metalaxyl-M+Mancozeb, Fosetyl-Al, and Phosphorous acid against root and crown rot
caused by Phytophthora palmivora on apricot and cherry in the Southeastern Anatolia
Region. The study revealed that Phosphorous acid, Fosetyl-Al, and Metalaxyl-
M+Mancozeb significantly reduced root rot. Notably, Fosetyl-Al (aluminum tris-O-ethyl
phosphonate) and Metalaxyl-M+Mancozeb are employed to control various diseases
caused by Phytophthora spp. in several fruit species (Gisi and Sierotzki, 2008).

The commercial preparation Bellis® exhibits both protective and preventive effects,
being transported translaminarly and locally systemically. Pyraclostrobin, one of its active
substances, belongs to the strobilurin group. This ingredient is naturally derived and is
known to induce growth-promoting effects in certain plants (Vincelli, 2002). Nevertheless,
the targeted level of effectiveness against Fusarium was not attained in the infested
orchard.
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Sut Sigircihdr  Gubre Yonetiminde Sera Gazi
Emisyonunu Azaltma Stratejileri

ABSTRACT

Objective: In developing animal husbandry, the share of greenhouse gases such
as manure-derived methane (CH4) in global warming has increased and
emission reduction efforts have been accelerated. CH4 released in ruminants
accounts for 37% of global CH4 emissions. Manure management in dairy farming
consists of manure collection, storage and evaluation stages. Each of these
stages is seen as an emission source and different mitigation strategies are
developed for each manure management stage.

Material and Methods: In this study, emission reduction strategies that can be
applied at every stage of manure management (collection, storage and
evaluation) in dairy cattle were examined.

Results: Increasing the frequency of manure collection during the manure
collection stage reduces CH,4 emissions by up to 55%. In the manure storage
stage, accumulating the manure in leak-proof tanks and covering the manure
surface with natural or synthetic covering materials are very effective methods in
reducing emissions. By reducing the storage time of manure, by 75% reduction
in CH4 emissions can be achieved. In the manure evaluation stage, using manure
in biogas production reduces CH. emissions by 41% -75% and completely
prevents N,O emissions. Similarly, composting manure is one of the most
effective emission mitigation strategies.

Conclusion: In order to reduce manure-related emissions in dairy cattle farms in
Turkey, it is necessary to develop the manure management infrastructure in
accordance with the examined strategies and at the same time to determine
strategies suitable for country conditions.

0z

Amag: Gelisen hayvancilikta, glibre kaynakl metan (CH,4) gibi sera gazlarinin
kiresel 1Isinmadaki payi artmis ve emisyon azaltma c¢alismalarina hiz verilmistir.
Gevis getiren hayvanlarda ortaya gikan CHy, kiresel CH4 emisyonunun %37'sini
olugturmaktadir. Sit sigirciliginda gubre ydnetimi gubre toplama, depolama ve
degerlendime agamalarindan olugmaktadir. Bu asamalarin her biri emisyon

kaynag olarak gérilmekte ve her bir glibre yonetim asamasi igin farkli emisyon
azaltma stratejileri gelistiriimektedir.

Materyal ve Yontem: Bu calismada, sut sidirciliginda gibre yonetiminin her
asamasinda (toplama, depolama ve degerlendirme) uygulanabilecek emisyon
azaltici stratejiler incelenmistir.

Arastirma Bulgulari: Gubrenin toplanmasinda; toplama sikligini arttirmak CH,
emisyonlarinda %55e kadar azalma saglamaktadir. Giibre depolamada ise
gubreyi sizdirmaz depolarda biriktirmek ve dogal veya sentetik 6rtii materyalleri
ile glibre ylzeyini 6rtmek emisyon azaltiminda oldukga etkili ydntemlerdir. Guibre
depolama slresini kisaltarak CH, emisyonlarinda %75 oraninda azalma
saglanabilmektedir. Giibre degerlendirme asamasinda ise glibreyi biyogaz
Uretiminde kullanmak CH,4 emisyonlarinda %75 oraninda azalma saglarken, N,O
emisyonlarini  ise tamanen Onlemektedir. Benzer sekilde glbreyi
kompostlastirmak da emisyon azaltiminda oldukca etkin stratejilerinden biridir.

Sonug: Turkiye'deki sut sigirciligi isletmelerinde gubre kaynakli emisyonun
azaltilabilmesi igin glibre yonetim altyapisinin incelenen strajilere uygun bigimde
gelistiriimesi ve ayni zamanda ulke kosullarina uygun stratejilerin belirlenmesine
ihtiyac duyulmaktadir.
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INTRODUCTION

GREENHOUSE GAS EMISSIONS AND EMISSION SOURCES IN DAIRY CATTLE
MANURE MANAGEMENT

In animal barns, various gases are emitted into the environment resulting from feed,
animal respiration and microbial decomposition in manure. Manures in different forms and
other materials mixed with these manure (litter, feed, wastewater) are the main sources of
gases formed in animal shelters. Methane (CH4), nitrogen monoxide (nitrous oxide) (N20),
carbon dioxide (CO2) and ammonia (NH3) have an important place among greenhouse
gas emissions originating from animal production. Since the residence time of greenhouse
gases in the atmosphere is quite long (N20 approximately 100 years, CH4 approximately
8.4 years), they have a global impact, causing ozone layer depletion and global warming
(IPCC, 2001).

In the IPCC (2001) Climate Change Report, it was reported that the global warming
potential of N20 is 296 times that of carbon dioxide and constitutes approximately 4% of
the total global warming potential. It has been reported that the global warming potential of
CH4 is 23 times greater than carbon dioxide. Again, in the said report, it was stated that
CO2 emissions resulting from animal production do not contribute to atmospheric CO2
concentration in the long term, as they are part of the carbon cycle.

It is estimated that the intensification of livestock farming activities in the European
Union (EU) causes increasing environmental impacts on soil, water and air, and that
agriculture in the EU contributes 49% of CH4 gas emissions to the atmosphere and 63%
of N20 gas emissions. In this context, in studies conducted on reducing greenhouse gas
emissions caused by manure management, it has been reported that most of the CH4 gas
emissions from manure come from the storage stage of manure management, and N20
emissions come from the application stage of animal manure to the field (Gebrezgabher et
al., 2014).

Many studies show that animal production is the main source of some polluting
factors such as particulate matter, odor, volatile organic compounds, especially pollutant
gases, released into the atmosphere. For this reason, in accordance with the Kyoto
Protocol, relevant institutions of many countries, especially EU countries, have created
various regulations regarding emissions from animal shelters, keep animal production
enterprises under control and have implemented various measures to reduce or control
emission rates. Another of these measures, the EU nitrate directive, aims to reduce water
pollution caused by nitrate from agriculture, while the EU air quality directive determines
the limits of ammonia and nitrogen oxide gas emissions released into the atmosphere
(Oenema, 2004).

When the total CH4 gas emissions resulting from manure management in Turkey
are examined, it is understood that the largest share in this emission belongs to the cattle
species, with a rate of 78% (TUIK, 2009). Due to the increase in capacity in dairy cattle
farms, there is an increase in the amount of manure and, accordingly, the extent of
environmental pollution increases. For this reason, it has become very important to use
environmentally acceptable disposal methods of animal waste such as manure (Deri,
2022).

In studies conducted on the detection and reduction of manure-induced greenhouse
gas emissions in dairy cattle enterprises; Storage areas such as slurry tanks and lagoons,
where manure in different forms are accumulated for a long time, and hard manure piles
stacked in the open, as well as hard surfaces such as shelter floors and animal crawl
spaces, where urine and other materials mixed with manure (bedding, feed, wastewater,
etc.) are located. It has been stated that open areas with ground floors and storage
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structures where slurry and liquid manure are stored are important sources of manure-
related greenhouse gas emissions (Figure 1). (Svensson and Ferm, 1993; Husted,1994;
Svensson, 1994; Livingston and Hutchinson, 1995; Misselbrook et al., 1999; Kaharabata
et al., 2000; Osada et al., 2001; Misselbrook et al., 2001; Hutchinson and Livingston, 2001;
Ellis et al., 2001; IPCC, 2001; Brown et al., 2002; Sommer et al., 2004(a); Hensen et al.,
2005; Livingston et al., 2006; Amon et al., 2006; IPCC, 2006; Sneath et al., 2006; Gupta
et al., 2007; Padron vd., 2008; UNFCCC, 2008; Gao et al., 2011; Popita, 2012; Frunzeti
and Baciu, 2012; Vac et al., 2013; Gallardo, 2013; Owen and Silver 2014; de Klein and
Harvey, 2015; Won et al.,2020).

Anaerobic lagoon

Figure 1. Greenhouse gas emissions resulting from manure management in dairy cattle farms (Owen and Silver, 2014).
Sekil 1. Sigir giftliklerinde glibre yonetiminden kaynaklanan sera gazi emisyonlari (Owen ve Silver, 2014).

Bacterial activities in animal manure increase depending on the ambient
temperature, so ambient temperature is extremely effective in manure-induced greenhouse
gas emissions. For this reason, greenhouse gas emissions from manure decrease in
autumn and winter months and increase significantly in summer months. Similarly, in
countries with high annual average temperatures, greenhouse gas emissions from
manures increase significantly compared to countries in cold climate zones. (Misselbrook
et al.,1999; Ellis vd., 2001; Rodhe et al., 2009; Cardenas et al., 2021).

In the study conducted by Borhan et al (2011), greenhouse gas emissions were
directly measured at various emission points in a 500-head, free-stall dairy cattle farm.
Measured emission values varied according to each measurement point and season. The
total CH4 and N20 gases released in the summer months were 5.3 and 2.2 times higher,
respectively, compared to the winter months. It has been reported that the reason for this
seasonal change is the increase in gas emissions as a result of the warming of the weather
in the summer months, the increase in the temperature of the manure and the microbial
activity in the manure. It has been emphasized that liquid and slurry manure tanks, in
particular, contribute to 99% of the total CH4 emissions measured during the summer, and
therefore CH4 reduction strategies should be directed to these emission sources.

In this study, emission reduction strategies that can be applied in manure
management in dairy cattle are discussed separately for manure management stages
(collection, storage and evaluation) and the targets achieved in the strategies developed
at each stage are presented.

EMISSION REDUCTION STRATEGIES AND APPLICATION RESULTS IN
MANURE MANAGEMENT

Dairy cattle manure management has three stages: removal of manure from
shelters, storage of the removed manure and evaluation of the stored manure. Applications
at each stage affect greenhouse gas emissions. It is possible to control emissions by
applying emission-reducing strategies in the manure management stages.
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In the studies examined, during the manure collection phase; increasing the
frequency of manure collection by using scraper systems on slatted floors (Figure 2), at the
manure storage stage; Emphasis was placed on covering the fertilizer tank surface with
mulch, impermeable covers and geomembranes. The strategy of sealing the warehouse
surface is based primarily on the principle of reducing emissions by preventing the
operation of bacteria responsible for the production of greenhouse gases. In the evaluation
of manure, measures such as composting the manure, using it in a biogas facility, and
applying slurry and/or liquid manure by injection to the plant production area have been
suggested (Figure 3) (Bicudo et al., 2004; Burns and Moody, 2014; Wei et al., 2021).

(@) (b)
Figure 2. Slatted floors and scraper system application in barn.

Sekil 2. Ahirda kullanilan 1zgara zemin ve kaziyici sistem uygulamasi.

(a)

Figure 3. Emission-reducing practices in manure storage: (a) Covering the storage surface with mulch (Bicudo et
al., 2004), (b) Covering the storage surface with an impermeable cover (Anonymous, 2022e), (c)
Geomembrane for anaerobic digestion of the storage surface Closing with (Anonymous, 2022f).

Sekil 3. Gubre depolama alanindaki emisyon azaltma uygulamalari: (a) Depolama yuzeyini malg ile kaplama
(Bicudo et al., 2004), (b) Depolama ylizeyini gecirimsiz bir 6rtii ile kaplama (Anonymous, 2022e), (c)
Depolama yiizeyinin anaerobik sindirim icin geomembran ile kapatiimasi (Anonymous, 2022f).
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Figure 4. Emission-reducing manure evalution practices: (a) Composting (Anonymous, 2022g) (b) Biogas

©

production (Anonymous, 2022h) (c) deep injection (Anonymous, 2023).

Sekil 4. Emisyon azaltma guibre degerlendirme uygulamalari: (a) Kompostlama (Anonymous, 2022g), (b) Biyogaz

Uretimi (Anonymous, 2022h), (c) Derin enjeksiyon (Anonymous, 2023).

Strategies suggested in studies on reducing greenhouse gas emissions at each
stage of manure management in dairy cattle enterprises and the goals of these strategies;
They are summarized in Table 1 for the manure collection stage in the shelter, Table 2 for

the manure storage stage and Table 3 for the manure evaluation stage.

Table 1. Emission reduction strategies and goals in barn.

Cizelge 1. Ahirda emisyon azaltma stratejileri ve hedefleri.

Strategies

Achieved Goals

Literature

Increasing the
frequency of
manure
collection

1) Changing the frequency of manure collection

Provides about 50% reduction in
CH, emissions

Haeussermann et al.,
2006

Provides about 55% reduction in
CH, emissions

Provides about 41% reduction in
N,O emissions

Mohankumar et al., 2018

3% - 40%
greenhouse gas emissions

reduction in total

Sommer et al. 2009

Provides total
emissions reduction

greenhouse

gas

Chadwick et al., 2020
Philippe et al.,2007

23% to 80% reduction in NH3
emissions is achieved

Hamelin et al., 2010

Provides about 46% reduction in
NH; emissions

Lachance et al., 2005
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Using a manure
scraper system

Provides reduction in CH4 emissions | Ross et al, 2021

3) Changing the bam floor

floors in barns

1S
§9}
[
@
5 Washing with . -
<} 0
Q pressurized Pro_wd_es 15 % reduction in NHs Misselbrook et al., 2006
2 emissions
3 water
(]
5
C
©
IS
2
=4 Washing with
g > ) 0 L
5 pressurized Prqwdes 50 % reduction in NH3 Misselbrook et al., 2006
5 water and emissions
IS formalin
N
Using Slatted Provides about 41% -%100 Ellis et al., 2001

reduction in N,O emissions

Misselbrook et al., 2001

Table 2. Emission reduction strategies and goals in manure storage.

Cizelge 2 Ciftlik glibresi depolama alaninda emisyon azaltma stratejileri ve hedefleri.

1) Covering manure tanks surfaces

Strategies Achieved Goals Literature
- o —
. Pro_wd_es 38 % reduction in CH,4 Sommer et al., 2000
Allowing the €missions.
manure Provides 50 % reduction in NH3 Misselbrook et
surface to emissions al.,2005

form a natural
crust

Provides 80 % reduction in NH3

S Sommer et al. 1993
emissions

Covering the
manure
surface with
straw muich

Provides 13 % reduction in NH3

o Wei et al., 2021
emissions

A 10cm layer of straw can reduce NH3
emissions by 61%.

A 20-30 cm layer of straw can reduce Bicudo et al., 2004

NH; emissions by 90 %.

a) use of permeable-floating covers

Covering the
manure

surface with
wood mulch

In liquid manure, provides 2 % to 15 %

reduction in CH, emissions Wei etal., 2021

94




In liguid manure, provides 37 % to %9
reduction in NH; emissions

It has been stated that the reduction in
N,O emissions varies seasonally.

Covering the
manure
surface with a
mixture of
wood and
straw mulch

in liquid manure provides 19 % - 8%
reduction in CH4 emissions.

In liquid manure provides 21 % - 43%
reduction in NH3 emissions.

Wei et al., 2021

Covering the
lagoon
Surface with
geomembrane

provides 54 % reduction in CH,4
emissions

Rodhe et al., 2009

Suni filmler ile
ortme

provides some reduction in NH; and
CH, emissions

Burbi, 2015

Reducing the
surface area
of slurry ponds
and lagoons

b) use of airproof covers

In liquid and slurry manure provides
40% reduction in total greenhouse
emissions.

Chadwick et al.,
2020

Table 2. Emission reduction strategies and goals in manure storage (continue).

Cizelge 2 Ciftlik glibresi depolama alaninda emisyon azaltma stratejileri ve hedefleri.(Devam)

2) Improving Storage Technique

Strategies Achieved Goals Literature
Reducmg storage Provides 75% reduction in CH4 emissions. Wei et al., 2021
time

Completely emptying
the slurry manure
tank

Provides %6 reduction in CH4 emissions and
%49 in total greenhouse gas emissions.

Wood et al., 2014

Storage of manure by
separation into solid
and liquid forms

Provides 22% - 80% reduction in CH,
emissions.

2% -72% reduction in NH3 emissions.

22% reduction in CO, emissions.

Burbi, 2014

Provides 30% reduction in CH, emissions and in
total greenhouse gas emissions.

Grossi et al., 2018

Reducing the
temperature of the
warehouse and
fertilizer with a

cooling system

Provides 30%-50% reduction in CH, emissions
and in total greenhouse gas emissions.

Borhan et al.,
2012
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Table 3. Emission reduction strategies and goals in manure evaluation.

Cizelge 3. Ciftlik glibresi degerlendirme alaninda emisyon azaltma stratejileri ve hedefleri.

Strategies Achieved Goals Literature
Provides about 75% reduction in CH, emissions. Burbi. 2014
1) Anaerobic digestion 40% in total greenhouse gas emissions reduction and Wei et al., 2021

reduce N,O emissions by 100%.

In static composting, a 60% reduction in NH3 emissions
can be achieved. Burbi, 2015

Monthly rotational composting can reduce N20O

2) Compostin L .
) posting emissions by 46% and CH4 emissions by 89.8%.

Increasing the frequency of rotation from 1 to 2 times
per week in rotary composting can reduce CH4 Wei et al., 2021
emissions by 50%.

Reduction in CH4, N20 and NH3 emissions if pH < 5.0

40% reduction in CH4 emissions if pH 4.5-5.0 Burbi, 2014

3) Acidification* . . Houy, 2015
87% reduction in CH4 emissions,

83% reduction in NH3 emissions

Provides emission reduction in CH,4, N,O and NH3 Sommer et al. 2009

4) Use of slurry and solid manure

i issi i Chadwick et al., 2020
In biogas production Provides total greenhouse gas emissions reduction.

Shallow (surface) injection 70-73% and deep injection is
provide 90% reduction in NH3 emissions.

5) Application of liquid manure to )
R Wei et al., 2021
the land by injection
Both injection methods can reduce N20O emissions, but

the rate of reduction varies depending on soil conditions.

* Acidification: %70 It is kept at pH 5.5 by adding 70% H,SO, (Sulfuric acid). This option can be applied
to both slurry manure and liquid manure formed after separation (Petersen et al., 2012 ; Chadwick et
al.,2020; Sokolov, 2021)

RESULTS and DISCUSSION

Greenhouse gases originating from manure in animal production activities,
especially in dairy cattle farming, pose a major environmental risk. For this reason,
studies on the development of methods and strategies that can be applied at each
stage of fertilizer management to reduce the emission of greenhouse gases
continue intensively.

In this study, emission reduction strategies that can be applied in the
collection, storage and evaluation stages of manure management in dairy cattle
are discussed in detail and the strategies suggested at each stage are summarized
in tables. Increasing the frequency of manure collection during the collection phase
reduces CH4 emissions by up to 55%. During the storage phase, accumulating the
manure in sealed warehouses and covering the manure surface with natural or
synthetic cover materials are very effective methods in reducing emissions.
Additionally, by reducing the storage time of manure, a 75% reduction in CH4
emissions can be achieved. In the evaluation phase, using manure in biogas
production provides a 75% reduction in CH4 emissions and completely prevents
N20O emissions. Similarly, composting manure is a very effective strategy in
reducing emissions.
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In our country's animal husbandry activities and especially in dairy cattle
farms; There is no adequate manure management infrastructure (such as grid floor
arrangement and scraper systems in shelters, leakage tanks, and biogas and
compost facilities for manure utilization) that will reduce emissions. For this reason,
in dairy cattle farms, it is necessary to first install grid-based manure scraper
systems in the shelters, to build leak-proof manure storage tanks/lagoones with
sufficient capacity, and to improve the storage conditions of open-surface manure
tanks by covering them with natural crusting, mulch or permeable/impermeable
materials. In addition, it is recommended to compost the stored manure or utilize it
in biogas facilities, and to apply slurry and/or liquid manure by injection into the
plant production area. In addition, in our country, which is in the process of
harmonizing with the European Union Green Deal, there is a need for studies on
the development of methods suitable for the climatic conditions of our country that
will effectively reduce greenhouse gas emissions caused by manure.
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Taze Marulun (Lactuca sativa L.) Mikrobiyolojik KontrolU

ABSTRACT

Material and Methods: The microbiological saffety of 15 samples of fresh salad
(Lactuca sativa L.) purchased at two different locations in the city of Sarajevo,
Markale and Otoka were analysed. Sampling swabs were performed at the
beginning of May 2021 to the total number of 160 swabs. Swabs for
microbiological analysis were taken from samples of fresh salad in two
independent repetitions before and after washing in tap water for 10 minutes. As
a separate independent treatment, lettuce samples were immersed in a 2%
solution of baking soda (NaHCO3) and after 15 minutes swabs were taken for
microbiological examination as in other samples. Microbiological tests were
performed on the total number of aerobic mesophilic bacteria, the total number
of yeast and mold, enterobacteria, E. coli and Salmonella according to the
Rulebook on performing microbiological analyzes (Official Gazette of Bosnia and
Herzegovina No. 11/13) and according to the Rulebook on microbiological criteria

for foodstuffs.

Results: The average value of total aerobic mesophilic bacteria in case of
unwashed specimens ranged from 0.11 - 0.41 CFU/ml, in the case of washed
samples of 0.07 - 0.35 CFU/ml, and soda treated samples 0.01 - 0.11 CFU/ml.

0z

Materyal ve Yontem: : Saraybosna sehrindeki Markale ve Otoka bdlgelerinde
satin alinan 15 adet taze marul 6rnegdinin (Lactuca sativa L.) mikrobiyolojik
guvenligi analiz edildi. Numune surimleri Mayis 2021'in baslarinda
gerceklestirilmis olup toplamda 160 siriim yapilmistir. Mikrobiyolojik analiz igin
orneklerden alinan suruntller, taze salata 6rneklerinin iki bagimsiz tekrarinda
yilkama oncesi ve yikama sonrasinda 10 dakika boyunca musluk suyunda
yikanmasindan sonra alinmigtir. Ayri bagimsiz bir igslem olarak marul érnekleri,
%Z2'lik bir karbonat (NaHCO;) ¢ozeltisine batinldi ve 15 dakika sonra diger
orneklerde oldugu gibi mikrobiyolojik inceleme igin surintiler alindi.
Mikrobiyolojik testler, toplam aerob mesofilik bakteri sayisi, toplam maya ve kif
sayisl, enterobakteriler, E. coli ve Salmonella sayisi lizerinde gerceklestirildi.
(Bosna-Hersek Resmi Gazetesi No. 11/13'e goére mikrobiyolojik analizlerin
gerceklestiriimesi) ve gidalara yoénelik mikrobiyolojik kriterler hakkindaki
Yonetmelik'e gore yapilmigtir.

Arastirma Bulgulari: Yikanmamis 6rneklerde toplam aerob mesofilik bakteri
ortalama degeri 0.11 ile 0.41 CFU/ml arasinda degisirken, yikanmis 6rneklerde
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0.07 ile 0.35 CFU/ml arasinda ve karbonat islem gérmis 6rneklerde 0.01 ile 0.11
CFU/ml arasinda degisim gdstermistir.
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INTRODUCTION:

The leaves of green vegetables are most often consumed raw, and thus can
transmit pathogenic microorganisms and/or their toxins and are sometimes involved in the
occurrence of food-borne illness caused by bacteria. Fresh fruits and vegetables are
essential parts of healty diet because fresh products are a prominent source of nutrients,
different types of vitamins and minerals (Slavin and Loyd 2012, Santareli et al 2017,
Bhilwadikar et al., 2019). But unfortunately, a number of foodborne diseases have been
noticed due to the consumption of raw and contaminated fruits and vegetables (Ifra Tun
Nur, 2021). Since they are typically eaten raw and often without heat treatment or thorough
washing, so they serve as vectors for the transmission of pathogenicmicro-organisms
associated with human diseases. Lettuce (Lactuca sativa L.) is a vegetable available
throughout the year and is always consumed minimally processed. Due to its low calorie
content and pleasant refreshing taste, salad is recommended as a healthy food and is often
the main ingredient in many diets. It contains vitamins, minerals, fibers and other valuable
biological ingredients and makes this type of vegetable a high-quality choice and is
consumed without heat treatment in order to preserve thermolabile nutritional components.
Salad is considered a healthy food because it facilitates the cleansing of the body, improves
digestion and increases appetite (Beart et al. 2011). In addition to its proven nutritional and
medicinal properties, salad is considered one of the most contaminated products with
pathogenic microorganisms.

Previous studies have shown worrying levels of potentially pathogenic
microorganisms in green vegetables, including lettuce (Topali¢-Trivunovi¢ et al. 2013).
These potential pathogens include thermotolerant coliforms and intestinal parasites,
especially in vegetables grown in traditional and organic farming systems. Poor sanitary
conditions in rural and urban areas often lead to the transfer of pathogenic microorganisms
to these vegetables, primarily through the use of irrigation water and fertilizers
contaminated by animal and/or human faecal waste.

Presence of pathogenic microorganisms in salad

Lettuce (Lactuca sativa L.) can become contaminated with pathogenic
microorganisms in contact with soil, manure, inadequately composted fertilizers, irrigation,
post-harvest washing with contaminated water, contact with wild animals, as well as in
contact with infected food workers. It is very important to study the procedures between
sowing and harvesting crops in order to understand how certain microorganisms can be
associated with plants in the pre-harvest period (Topali¢-Trivunovi¢ et al. 2013, Agency for
Food Safety B and H, 2012).

Salad must not contain pathogenic and potentially pathogenic microorganisms in
quantities that adversely affect human health. These microorganisms act directly and can
cause various forms of infections, or indirectly, through the toxins produced by the
microorganism in food products. Microorganisms that can be detected most often in salad
samples are aerobic mesophilic bacteria, yeasts and molds, enterobacteria, E. coli and
Salmonella (Durakovi¢, 1996).

Human pathogens such as Shigella spp., Salmonella spp., enterohemorrhagic
Escherichia coli, Campylobacter spp., Listeria monocytogenes, Yersinia enterocolitica,
Bacillus cereus and Clostridium botulinum are most often present on fresh products, i.e.
fresh vegetables and fruits that are mostly consumed fresh. Enterobacteria, that is, the
Enterobacteriaceae group, or intestinal bacteria, represent a group of bacteria found in the
digestive system of humans and animals. Some species are permanent residents, while
others are found only in diseased organisms (Durakovi¢, 1996, Sago et al. 2003). These
bacteria, in part, form part of the normal, i.e., physiological intestinal flora. They include
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both pathogenic and conditionally pathogenic bacteria. Some species cause only intestinal
diseases, and some also cause diseases of the respiratory or urinary system (Bear et al,
2011, Berger et al, 2010).

MATERIAL AND METHODS:

In these studies, microbiological analyzes of 15 samples of fresh lettuce (Lactuca
sativa L.) purchased at two different market locations in the city of Sarajevo were
performed. Swab sampling was carried out at the beginning of May 2021. A total of 160
swabs were taken. Swabs for microbiological analyzes were taken from samples of fresh
lettuce in two independent repetitions before and after washing with a jet of water for 10
minutes. Swabs were taken from the face and back of the lettuce leaves of the outer and
central leaves using the system of the current and found conditions. Then the salad
samples were washed under running water for 10 minutes and the same procedure was
repeated.

At the end, as a special independent treatment, salad samples were immersed in
a 2% solution of baking soda (NaHCO3) and after 15 min. were drained and dried on a
paper towel and then swabs were made for microbiological examination. Microbiological
tests were performed on the total number of: aerobic mesophilic bacteria, total yeasts and
molds, enterobacteria, E.coli and Salmonella according to the Rulebook on performing
microbiological analyzes (Official Gazette of BiH 11/13) and according to the Rulebook on
microbiological criteria for food (Fig. Gazette BiH 11/13). The total number of aerobic
mesophilic bacteria and yeasts and molds is expressed per 1g, i.e. per 1cm? of surface.

RESULTS AND DISCUSSION:

The microbiological quality of fresh lettuce depended on the type, sales facility and
sampling time. The results indicate that bacteria, yeasts and molds are presentin the tested
samples. In all three research procedures of unwashed, washed and bicarbonate-treated
samples, the number of bacteria was the highest in samples of the outer leaf of unwashed
fresh lettuce compared to the other investigated fresh lettuce samples.

Salad samples from the market had the highest number of bacteria before washing
the outer lettuce leaf (288x103 cfu/ml) and after washing the outer lettuce leaf (190x103
cfu/ml) compared to the values of other lettuce samples. In all samples, the number of
bacteria is higher in unwashed and washed lettuce compared to soda treated. The number
of yeasts and molds, similar to the number of bacteria, is the highest in unwashed lettuce
samples compared to other samples. However, the abundance of this systematic group of
microorganisms is the least in soda-treated samples compared to washed and unwashed
samples of fresh lettuce.

The highest number of molds and yeasts is found in the unwashed outer leaves of
fresh lettuce (58x10? cfu/ml). The number of yeasts and molds is significantly higher in
unwashed and washed salad samples, while their number was lower in salad samples
treated with 2% solution of baking soda. In all variants of the test, bacteria from the genus
Salmonella spp. and were found in unwashed and washed salad samples, while their
number decreases in samples treated with baking soda.

The total number of aerobic mesophilic bacteria on lettuce leaves before washing
ranged from 45 cfu/cm?® to 18.57 cfu/cm? was detected by Topali¢-Trivunovi¢ et al. 2013,
which was also proven in this research. It is clear that variations in the total number of
aerobic mesophilic bacteria are related to manipulation during harvesting, storage and
transport.
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Table 1. Average values of microorganisms in tested samples of fresh lettuce (cfu/ml)

Cizelge 1. Taze marul 6rneklerinde test edilen mikroorganizmalarin ortalama degerleri (cfu/ml)

Enterobact. | E.coli Aerobic |Yeats |Salmonella
(cfu/ml) (cfu/ml) | mesofilic | and spp
Treatment Swabs bact molds
(cfu/ml) | (cfu/ml)

1.External leaf -|225 21 288 60 110; 129
inside
2. External leaf —|169 25 139 58 119; 108
revers side

Unwashed
3.Internal leaf - inside | 257 12 194 56 112; 113
4.Internal  leaf —|163 16 139 36 110; 161
revers side
1.External leaf -[229 18 267 30 107; 96
inside

Washed 2. External leaf -|177 15 190 19 87;83
revers side
3.Internal leaf - inside | 123 16 51 1 75,76
4.nternal leaf —|[230 18 88 6 58; 86
revers side
1.External leaf -|82 7 17 9 21
inside

2%NaHCO3 2. External leaf —|60 4 28 1 2;3
revers side
3.Internal leaf - inside | 39 2 37 3 2;1
4.Internal leaf —|15 1 22 6 1;1
revers side

The highest presence of enterobacteria was found in the unwashed samples of the
inner lettuce leaf (257, i.e. 163x103 cfu/ml), slightly less in the washed lettuce samples
(229, i.e. 173x103 cfu/ml) and the least in the samples of the inner lettuce leaf treated with
baking soda (39 , i.e. 15x103 cfu/ml). The number of Escherichia coli was also highest in
the unwashed samples of the outer lettuce leaf (21 and 25x103 cfu/ml, respectively). The
abundance of the examined type of bacteria was the lowest in the samples treated with
baking soda. In all variants, the number of Escherichia coli bacteria is higher before
washing compared to washed and soda-treated samples.

The number of yeasts and molds, similar to the number of bacteria, was the highest
in unwashed lettuce samples compared to other samples. However, the abundance of this
group of microorganisms is the lowest in soda-treated samples compared to washed and
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unwashed samples of fresh lettuce (Berger et al, 2003). The largest number of molds and
yeasts is in the unwashed outer leaves of fresh lettuce. The abundance of the examined
type of bacteria was the lowest in the samples treated with baking soda. In all variants, the
number of Escherichia coli bacteria is higher before washing compared to washed and
soda-treated samples.

CONCLUSSIONS:

The conclusion was reached based on the results presented in the previous part
of the paper that the number of bacteria significantly decreases in the samples of the inner
lettuce leaf treated with baking soda, and the highest presence of microorganisms on which
the testing was done is in the unwashed samples of the outer lettuce leaf. In addition to all
of the above, systematic monitoring of microorganisms in raw materials is necessary,
primarily when we are talking about green salad but also additives in production. Bosnia
and Herzegovina institutions should take care of the potential danger to the health of
consumers, and it is necessary to constantly find new methods in the prevention of
microbiological and mycotoxicological hazards in these products, that is, to adopt the most
modern methods of prevention used internationally.
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ABSTRACT

Objective: One of the most essential stages of land consolidation projects is the
reallocation of parcels. This study examined two different reallocation methods in
three neighborhoods (Alhan, Culhan, Derekdy) within the scope of the Aydin

Yenipazar Plain Land Consolidation Project.

Material and Methods: One of the methods is the interview-based distribution
model used in agricultural land consolidation studies throughout Turkey. The
other method is the fuzzy logic-based distribution method, which has been
mentioned extensively in recent years and has been the subject of many
academic studies. The results obtained from the fuzzy logic method were
compared with the project results made by the General Directorate of Agricultural

Reform.

Results: The criteria used in comparing the results, especially in determining the
success of the consolidation studies, were used. These criteria are the
consolidation rate, the number of enterprises, the number of parcels per

enterprise, the average parcel size, and the shareholding status of the parcels.

Conclusion: Considering the results obtained, it has emerged that the fuzzy

logic-based distribution can be applied in land consolidation projects.
oz

Amag: Arazi toplulastirma projelerinin en énemli asamalarindan biri parsellerin
yeniden dagitimi asamasidir. Bu calismada Aydin Yenipazar Ovasi Arazi
Toplulastirma Projesi kapsaminda tU¢ mahallede (Alhan, Gulhan, Derekdy) iki
farkli dagitim yéntemi incelenmistir.

Materyal ve Yontem: YoOntemlerden biri Turkiye genelinde tarimsal arazi
toplulastirma galismalarinda kullanilan mulakat esasli dagitim modelidir. Diger
yoéntem ise son yillarda adindan sikga s6z edilen ve pek ¢ok akademik ¢alismaya
konu olan bulanik mantik tabanl dagitim yontemidir. Calismada, bulanik mantik
yonteminden elde edilen sonuglar Tarim Reformu Genel Mudurligi tarafindan
yapilan proje sonuglariyla karsilastiriimistir.

Arastirma Bulgulari: Sonuglarin karsilastiriimasinda, 6zellikle toplulastirma
calismalarinin basarisinin belirlenmesinde kullanilan kriterler kullaniimistir. Bu
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kriterler; toplulagtirma orani, isletme sayisi, isletme basina disen parsel sayisi,
ortalama parsel buyuklugu ve parsellerin hisselilik durumudur.

Sonug: Elde edilen sonuglar dikkate alindiginda bulanik mantik tabanli dagitimin
arazi toplulastirma projelerinde uygulanabilecegi ortaya ¢ikmistir.
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INTRODUCTION

An effective tool in sustainable rural development plans, agricultural land
consolidation, has been carried out in many countries to ensure the sustainability of
production. There are too many definitions or approaches in land consolidation studies;
different countries apply different models and pursue different goals. However, comparing
national regulatory frameworks allows for identifying key trends and practices.

Fragmentation has been a significant problem in many countries and Turkey since
the 19th century. Since agricultural lands in Turkey are generally fragmented and scattered,
land consolidation has become necessary, especially in recent years. This kind of
agricultural enterprise can not achieve the targetted productivity increase. The scope of
land consolidation includes measures such as arranging fragmented, scattered, and
deformed land pieces appropriately, connecting road-irrigation-drainage systems to make
management easy and economical, soil reclamation, land leveling, village renewal, and
rural environment protection. Consolidation has significant benefits in the structure and
development of agricultural enterprises, in the planning and construction of irrigation
networks, in the provision of on-farm development services, in environmental protection,
village renewal, and in the development of cooperation between public institutions and
organizations (Polat et al., 2011).

In recent years, the fuzzy logic method, which can model the human mindset and be
used when it is impossible to create mathematical models, has solved various engineering
fields. There are some fuzzy logic based studies on agricultural land consolidation projects
lately (Cay & iscan, 2011; Uyan et al., 2015; Ertung & Cay, 2016; Ertung et al., 2018; Kili¢
et al., 2019; Kili¢ Pamukovi¢ et al., 2021; Tunali & Dagdelen, 2023). Fuzzy logic or similar
artificial intelligence applications will provide an incredible convenience in consolidation
studies.

This study investigates the fuzzy logic method's application ability in the reallocation
phase. The results from the fuzzy logic model are compared with those from the interview-
based land reallocation model. The number of parcels, consolidation rate, average parcel
size, average enterprise size, number of parcels per enterprise, and shareholding status of
parcel values were examined.

MATERIAL and METHODS
Study area

In this study, three of the 9 villages in the consolidation project area completed in
2011 in Aydin - Yenipazar district were evaluated (Figure 1).
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Figure 1. Study area before the consolidation project.

Sekil 1. Toplulastirma projesi 6ncesi ¢calisma alani.
Interview-based land reallocation method

The reallocation process in Turkey is carried out using an interview-based model. In
the study, data for the interview-based distribution model was taken from the Directorate of
Agriculture (Figure 2). The data obtained was edited by transferring it to the Microsoft Excel
program.

Figure 2. Aydin Merkez-Yenipazar Participatory Land Consolidation Project Area.

Sekil 2. Aydin Merkez-Yenipazar Katilimci Arazi Toplulastirma Proje Alani.
Fuzzy logic based land reallocation method

In fuzzy systems, input data is first evaluated with the help of membership functions
and then taken to the fuzzifier. Then, the obtained values are inferred with the help of the
determined inference method and rule base. Finally, the fuzzy results obtained are clarified.
At this stage, the outputs become classical numbers (Figure 3).

Numeric

e

Figure 3. The typical structure of a fuzzy system (Czabanski et al., 2017).
Sekil 3. Tipik bir bulanik sistemin yapisi (Czabanski et al., 2017).

114



First of all, a survey was conducted with farmers in the project area to determine
membership functions. When the survey studies were examined, it was seen that the most
important criterion in all three villages was land fragmentation. The second important
criterion was the proximity of the parcels to the road. However, today, in land consolidation
projects carried out in Turkey, once the locations of the lands are determined, all of them
are provided with roads. For this reason, only the first criterion was taken into account when
determining the membership functions. In this study a fuzzy system with 4 inputs and 2
outputs was created (Figure 4).

Distance of Largest
Parcel (DLP)

Azimuth of Largest
Parcel (ALP)

Block Distance
(BD)

Distance of the RULE BASE
Nearest Parcel (DNP)

Block Azimuth
(BA)

Azimuth of Nearest
Parcel (ANP)

Figure 4. Fuzzy logic model structure.

Sekil 4. Bulanik mantik model yapisi.

Since the input and output variables will be entered as polar coordinate values, a
starting point must be determined. For the starting point, a point was selected to cover the
entire project area with the ArcGIS program's help, a software-based on Geographic
Information System (GIS) (Figure 5) (ESRI, 2012).

Figure 5. Selected starting point for the project area.
Sekil 5. Proje alani igin segilen baslangi¢ noktasi.
In this study, MATLAB Fuzzy Logic Toolbox was used (MATLAB, 2012). The
parameters and methods used in reallocation using fuzzy logic are given in Table 1.
Table 1. The methods used in the fuzzy logic model.

Cizelge 1. Bulanik mantik modelinde kullanilan yéntemler.
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MATERIAL

METHOD

OBTAINED DATA

Determination of
membership functions

Creation of fuzzy logic
rule base

Defuzification

Finding the block
distance and block
azimuth output values

Coordinate
transformations

Initial land reallocation

Taken x-y points of the parcels from
ArcGIS. Trapezoidal and triangular
membership functions were used for
two different variables.
Mamdani inference mechanism was
used

The center of gravity (centroid) was
used to defuzify the fuzzy output.

The data was entered into the
Simulink block of MATLAB

Polar coordinate values were later
converted into the national coordinate
system in Excel.
Transformed coordinate values
entered in ArcGIS

1. Distance Variable
2. Azimuth Variable

144 rules have been created based on
the number of membership functions.
The priority here is the distance and
azimuth value of the largest parcel
owned by the enterprise.

Obtained polar coordinate values
calculated as distance and azimuth

National coordinate values obtained

New blocks of the parcels are
determined

After the initial reallocation, some parcels are concentrated in specific regions within
the project area while others are outside the project area (Figure 6). This situation was
especially due to the determination of a single starting point for all neighborhoods. Finally,
parcels outside the consolidation area have been moved to appropriate locations within the

area.

First Reallocation Results

SranagPont

Figure 6. Initial reallocation results.

Sekil 6. Ik dagitim sonuglari.
RESULTS and DISCUSSION

In this section, the results obtained from both methods are presented together for
comparison. Some of the results obtained for both consolidation projects are given in Table

2.
Table 2. Results from two methods.

Cizelge 2. [ki ybntemden elde edilen sonuglar.

NEIGHBOURHOOD ALHAN CULHAN DEREKOY TOTAL
TOTAL AREA (ha) 340 380 366 1086
Before 846 948 746 2540
NUMBER OF Interview 479 538 422 1439
PARCELS (pcs) Fuzzy Logic 472 445 400 1317
Interview_Decrease 177% 176% 177% 177%

116



Fuzzy Decrease 179% 213% 187% 193%

CONSOLIDATION Interview 43.38 43.25 43.43 43.35
RATE (%) Fuzzy Logic 44.21 53.06 46.38 48.15
NUMBER OF Before 573 638 482 1693

ENTERPRISES
(pcs) Fuzzy Logic 472 473 475 1420

The number of parcels is decreased in the project area for both methods. The
decrease in this number is greater in the fuzzy logic model. In the fuzzy logic based
reallocation model, some shared parcels are combined. Some enterprises were also
merged in the light of the information obtained from the interviews. The values in Table 2
showed similar results with the literature (Cay & iscan, 2011; Tunali & Dagdelen, 2018;
Tunali & Dagdelen, 2023). When the consolidation rate values, which is one of the most
important evaluation criteria, are examined, it is seen that the fuzzy logic-based distribution
model is more successful in all villages. Although the obtained consolidation rate values
are above Turkey's average, they are seen to be lower compared to other countries (Arici
& Akkaya Aslan, 2014). When other studies on the consolidation rate are examined (Peker
& Dagdelen, 2016; Tunali et al., 2016a; Tunali et al., 2016b; Dagdelen et al., 2017,
Kahramanoglu & Dagdelen, 2018; Tunali & Dagdelen, 2018; Lék and Degirmenci, 2019)
has been observed that the reallocation made by this method gives very good results.

The change in enterprise and parcel size values according to reallocation methods
is given in the Table 3, and shareholding status of parcel values are given in the Table 4.
Table 3. The change of the average parcel and enterprise sizes.

Cizelge 3. Ortalama parsel ve igletme bliylikliiklerindeki degigim.

NEIGHBOURHOOD ALHAN CULHAN DEREKOY TOTAL
Before 4.02 4.01 4.91 4.28
Interview 7.10 7.06 8.67 7.55
Average Parcel .
Size (da) Fuzzy Logic 7.20 8.54 9.15 8.25
Interview_Inc 177% 176% 177% 177%
Fuzzy Inc 179% 213% 187% 193%
Average Interview 5.93 5.96 7.59 6.41
Enterprise Size
(da) Fuzzy Logic 7.20 8.03 7.71 7.65
Before 1.48 1.49 1.55 1.50
Interview 0.84 0.84 0.88 0.85
Number of Parcel
per Enterprise Fuzzy Logic 1.00 0.94 0.84 0.93
(pcs)
Interview_Decrease 177% 176% 177% 177%
Fuzzy Decrease 179% 213% 187% 193%
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Table 4. Shareholding status of the parcels.

Cizelge 4. Parsellerin hisselilik durumu.

NEIGHBOURHOOD ALHAN CULHAN DEREKOY TOTAL
Before 60 117 91 268
Shareholding
Status of Interview 24 43 37 104
Parcels (pcs)
Fuzzy Logic 11 21 52 84
Before 7.09 12.34 12.20 10.55
Shareholding
Status of Interview 5.01 7.99 8.77 7.23
Parcels (%)
Fuzzy Logic 2.33 4.72 13.00 6.38

Average parcel size and average enterprise size values in the project area were
higher in fuzzy logic based distribution method. However, the value of the number of parcels
per enterprise was higher in the interview-based distribution method for Derekdy. With the
consolidation project, there has been a significant decrease in the shareholding status of
the parcels. This decrease is more significant in the fuzzy logic method. However, it is
observed that the number of shared lands in Derekdy is higher than the interview method.
At this point, it is useful to evaluate the size distribution of shared lands. Tunali and
Dagdelen (2023) stated in their study in Aydin Yenipazar Hamzabali village that a significant
change occurred in the presence of shared land in the fuzzy logic method.

Distribution of the parcels for two reallocation methods are given in Table 5 and 6.
The area range values given in the table are the values accepted in ranking agricultural
enterprises according to their size in Turkey.

Table 5. Distribution of the parcel numbers.

Cizelge 5. Parsel sayilarinin dagilimi.

Area Alhan Culhan Derekoy TOTAL
Range

Number Number Number Number Number Number Number Number
(da) (pcs) (%) (pcs) (%) (pcs) (%) (pcs) (%)

0-499 618 71.36 679 71.62 517 69.21 1814 70.83

5-9.99 193 22.29 202 21.31 158 21.15 563 21.59
BEFORE LC 11905;9 42 4.85 58 6.12 59 7.90 159 6.21
20 + 13 1.50 9 0.95 13 1.74 35 1.37

TOTAL 866 100.00 948 100.00 747 100.00 2561 100.00

0-4.99 231 48.63 255 47.75 196 46.89 682 47.79

5-999 152 32.00 178 33.33 146 34.93 476 33.36
INTERVIEW

BASED 11909_9 7 16.21 82 15.36 54 12.92 213 14.93
REALLOCATION ’
20.00 + 15 3.16 19 3.56 22 5.26 56 3.92

TOTAL 475 100.00 534 100.00 418 100.00 1427 100.00

0-499 248 52.54 244 54.83 241 60.55 733 55.74

5-9.99 142 30.08 144 32.36 104 26.13 390 29.66
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10 -

19.99 64 13.56 49 11.01 43 10.80 156 11.86
FUZZY LOGIC :
BASED
REALLOCATION 20 + 18 3.81 8 1.80 10 2.51 36 2.74

TOTAL 472 100.00 445 100.00 398 100.00 1315 100.00

When the area distribution table of the number of parcels is examined, it is seen that
the parcels in all three villages generally have a size of 0 - 5 da.

Table 6. Distribution of the parcel areas.

Cizelge 6. Parsel alanlarinin dagilimi.

Alhan Culhan Derekoy TOTAL
Distribution of Area Range
Parcel Areas (da) Area N Area A Area A o
(da) Ratio (%) (da) Ratio (%) (da) Ratio (%) Area (da) Ratio (%)

0-4.99 1390.00 3850 1440.00 37.89 1081.00 29.56 3911.00 35.34
5.00-9.99 1310.00 36.29 1389.00 36.55 1047.00 28.63 3746.00 33.85

BEFORE LC 1?5089_ 561.00 1526 749.00 19.71 768.00 21.00 2068.00 18.69

20.00 + 359.00 9.94 22200 584 761.00 20.81 1342.00 12.13

TOTAL 3610.00 100.00 3800.00 100.00 3657.00 100.00 11067.00 100.00

0-4.99 66500 20.77 730.00 20.04 605.00 17.40 2000.00 19.37

5.00-9.99 1055.00 3295 1303.00 35.77 1039.00 29.87 3397.00 3291

INTERVIEW 10.00 —
BASED 1é 99 1024.00 31.98 1097.00 30.11 736.00 21.16 2857.00 27.68
REALLOCATION '
20.00 + 458.00 14.30 513.00 14.08 1098.00 31.57 2069.00 20.04
TOTAL  3202.00 100.00 3643.00 100.00 3478.00 100.00 10323.00 100.00
0-499 63361 2138 678.01 2573 55565 2519 1867.28 23.93
5.00-9.99 973,55 32.85 1021.96 38.79 73231 3320 2727.83 34.95
FUzzy LOGIC 10.00 —
BASED 1é 99 865.39 2920 704.08 26.72 604.68 2741 217416  27.86
REALLOCATION ’

20.00+ 490.86 16.56 230.59 8.75 313.28 1420 1034.73 13.26

TOTAL  2963.42 100.00 2634.65 100.00 2205.92 100.00 7803.99 100.00

Before LC, the density of the parcels was between 0 - 5 da, depending on their size.
In the interview-based distribution model, it was observed that there were more lands over
20 da in Derekdy. Although the number is small, some of the lands in this village are over
50 da, which has revealed this situation. However, in the total of three villages, the 0 — 5
da range is more intense. In the fuzzy logic method, parcels are generally in the range of 5
- 10 da.

Boyacioglu (1975), in his study on the economic analysis of agricultural enterprises
in Erzincan Gullice Village, stated that the increase in the average parcel size value has
been reported to be 79%. Tunal et al. (2016b) reported in their study in Yenipazar district
of Aydin province that while 29% of the total number of parcels had an area of less than
0.5 ha before consolidation, this rate decreased to 12% after consolidation. Additionally,
the area of parcels larger than 20 ha increased from 22% to 38%. Kahramanoglu and
Dagdelen (2018) reported in their study that the average parcel size increased from 4.81

119



da to 12.69 da. In their study examining the Sanliurfa Turkeli Village land consolidation
project, Kuzu et al. (2018) reported that while the average parcel size of 33 parcels
belonging to 17 enterprises before consolidation was 12.61 ha, the average parcel size of
47 parcels formed due to the distribution of shares after consolidation decreased to 8.49
ha.

CONCLUSIONS

When the results obtained from the study are examined, it is possible to say that the
fuzzy logic-based reallocation method is better than the interview-based reallocation
method in many aspects (number of parcels, consolidation rate, average parcel size,
average enterprise size, number of parcels per enterprise, shareholding status of parcels).
However, it is very important to take farmers' opinions during the survey. In this way, farmer
satisfaction will be ensured and the membership functions used in the fuzzy logic method
will be easier to determine.

One of the aims of this study is to investigate the feasibility of reallocation the lands
belonging to the entire project area at once. However, the first results obtained showed that
parcel distribution in this way will increase the workforce in the later stage. For this reason,
each village must be evaluated within itself in the parcel distribution process made with
fuzzy logic.

ACKNOWLEDGEMENTS

This study was financially supported by Aydin Adnan Menderes University Scientific
Research Projects Coordination Unit (BAP, Project No; ZRF20009). The authors would like
to thank for the financial support.

120



REFERENCES

Arici, I. & S.T. Akkaya Aslan 2014. Arazi Toplulastirmasi Planlama ve Projelemesi. Dora
Publ. Bursa, pp. 237. ISBN: 978-605-4798-49-0 (in Turkish).

Boyacioglu, R., 1975. Arazi toplulastirmasi yapilan Erzincan Gullice kdyundeki tarimsal
isletmelerin ekonomik analizi. Topraksu Teknik Dergisi, 57.

Czabanski, R., M. Jezewski & J. Leski, 2017. “Introduction to Fuzzy Systems, 23-43". In:
Theory and Applications of Ordered Fuzzy Numbers: Studies in Fuzziness and Soft
Computing, vol 356. (Eds. P. Prokopowicz, J. Czerniak, D. Mikofajewski, t.
Apiecionek & D. Slgzak), Springer, Cham. https://doi.org/10.1007/978-3-319-59614-
3 2

Cay, T. & F. iscan, 2011. Fuzzy expert system for land reallocation in land consolidation.
Expert Syst. Appl., 38 (9): 11055-11071. hitps://doi.org/10.1016/j.eswa.2011.02.150

Dagdelen, N., Tunali, S.P., Girbuz, T., Akcay, S. & E. Yilmaz, 2017. Assessment of Land
Consolidation Efectiveness in the Hamzabali Village of Aydin-Yenipazar. Journal of
Adnan Menderes University  Agricultural Faculty, 14(1): 45-50.
https://doi.org/10.25308/aduziraat.295348

Ertung, E. & T. Cay, 2016. Application of fuzzy logic in land consolidation-classification
studies. Int. J. Intell. Syst. Appl. Eng. (IJISAE), 4 (Special Issue): 118-
123. https://doi.org/10.18201/ijisae.267961

Ertunc, E., Cay, T. & H. Hakli, 2018. Modeling of reallocation in land consolidation with a
hybrid method. Land Use Policy, 76: 754-
761. https://doi.org/10.1016/j.landusepol.2018.03.003

ESRI, 2012. Environmental Systems Research Institute (ESRI), ArcGIS Release 10.1.
Redlands, CA

Kahramanoglu, E. & N. Dagdelen, 2018. Evaluation of Land Consolidation Sevices in Aydin
Dalama Plain in Terms of Land Development and Farmer Satisfaction. Journal of
Adnan Menderes  University  Agricultural Faculty, 15(2):  59-66.
https://doi.org/10.25308/aduziraat.425516

Kili¢, J., K. i Rogulj, N. Jajac, 2019. Fuzzy expert system for land valuation in land
consolidation processes. Croat. Oper. Res. Rev., 10 (1), pp. 89-
103. https://doi.org/10.17535/crorr.2019.0009

Kilic Pamukovi¢, J., Rogulj, K. & N. Jajac, 2021. Assessing the bonitet of cadastral parcels
for land reallocation in urban consolidation.
Land, 10 (1): 9. https://doi.org/10.3390/land10010009

Kuzu, H., Arslan, F. & H. Degirmenci, 2018. Analysis of Roads in Land Consolidation
Projects: A Case Study of Turkeli Village in Sanhurfa/Turkey. SDU Ziraat Fakiiltesi
Dergisi, 15! International Agricultural Structures and Irrigation Congress Special
Issue: 19-25.

Lok, E. & H. Degirmenci, 2019. Land fragmentation analysis of land consolidation project:
a case study of Hasakdy and Baglama villages in Nigde. Journal Of Agriculture and
Nature, 22(5): 744-750. https://doi.org/10.18016/ksutarimdoga.vi.528383

MATLAB, 2012. The MathWorks, Inc., Natick, Massachusetts, United States.

Peker, M. & N. Dagdelen, 2016. A study on determining pre and post land consolidation
application efficiency on land devolopment services in Aydin region. Journal of

121


https://doi.org/10.1016/j.eswa.2011.02.150
https://doi.org/10.18201/ijisae.267961
https://doi.org/10.1016/j.landusepol.2018.03.003
https://doi.org/10.25308/aduziraat.425516
https://doi.org/10.17535/crorr.2019.0009
https://doi.org/10.3390/land10010009
https://doi.org/10.18016/ksutarimdoga.vi.528383

Adnan Menderes University  Agricultural Faculty, 13(1): 25-33.
https://doi.org/10.25308/aduziraat.278363

Polat, H.E., Olgun, M., Demir, A.O., Cakmak, B., Yildirm, O. & i. Arici, 2011. “Arazi
toplulastirmasi, 222-240". Tarimsal Yapilar ve Sulama (Olgun, M., Demir, A, ).
Anadolu Universitesi Yayinlari, pp.222-241, Eskisehir (in Turkish).

Tunali, S.P., Dagdelen, N., Akgay, S. & E. Yilmaz, 2016a. “An overview of some land
consolidation activities completed in the province of Aydin 33-43”. 13th National
Culture-technical Congress Akdeniz University Faculty of Agriculture Farm
Structures and Irrigation Department (April 12-15 2016, Antalya).

Tunal, S. P, Dagdelen, N. & T. Gurbliz, 2016b. An evaluation of the effects of land
consolidation projects completed in central villages of Aydin province. Journal of
Agricultural Faculty of Bursa Uludag University, 30 (Special Issue): 374-382.

Tunal, S.P. & N. Dagdelen, 2018. “Determination of satisfaction after land consolidation
projects of Yenipazar district in Aydin, 69-75 ”. 4th International Conference on
Sustainable Development (April 11— 15, 2018, Athens, Greece),
https://www.icsd.eu/sites/default/files/2018 icsd proceedings v2.pdf.

Tunali, S.P. & N. Dagdelen, 2023. Comparison of different models for land consolidation
projects: Aydin Yenipazar Plain. Land Use Policy, 127.
https://doi.org/10.1016/j.landusepol.2023.106590

Uyan, M., Cay, T,, Inceyol, Y. & H. Hakli, 2015. Comparison of designed different land
reallocation models in land consolidation: a case study in Konya/Turkey. Comput.
Electron. Agric., 110: 249-258. https://doi.org/10.1016/j.compag.2014.11.022

122


https://doi.org/10.25308/aduziraat.278363
https://www.icsd.eu/sites/default/files/2018_icsd_proceedings_v2.pdf
https://doi.org/10.1016/j.landusepol.2023.106590
https://doi.org/10.1016/j.compag.2014.11.022

OP-27
Full Text Proceeding
(Tam Metin Bildirisi)

Ozlem BOZKURT"
Orcid: 0000000285490648

1 Tekirdag Namik Kemal University,
Vocational College of Technical Sciences,
Department of Material and Material
Processing Technology, 59100,
Silleymanpasa, Tekirdag, Turkiye

* Corresponding author (Sorumlu yazar):

obozkurt@nku.edu.tr

Keywords: Construction materials, forestry,
industrial plantation, poplar, timber

Anahtar sozciikler: Yapr malzemesi,
ormancilik, endustriyel plantasyon, kavak,
ahsap

Industrial Plantations in Turkey and the
Example of Poplar Trees

Tlrkiye’de Endistriyel Agac Yetistiriciligi ve Kavak Ornegi

ABSTRACT

Objective: In this study is aimed to reveal the environmental and sectoral
importance of industrial plantations and to investigate the usability of fast-growing
industrial trees in the construction industry with the example of poplar trees, which
have an important place in our traditional building culture.

Material and Methods: The state of industrial plantations in Turkey and the
potential of poplar trees in terms of industrial forestry were investigated through

literature review. Subsequently, the use of poplar wood in our traditional buildings

was investigated by examining the civil architecture examples from Izmir, Malatya
and Tekirdag.

Results: It has been observed that poplar wood is used in structural elements
such as beams, lintels and masonry. Circular-shaped constructions that allow the
use of heartwood layer were used in all of these building elements.

Conclusion: Industrial tree cultivation is perhaps the only raw material
production method that does not burden the environment during the production
process; instead, it offers solutions to various environmental issues such as
carbon sequestration, erosion, and desertification. While it has become a popular
concept with the increasing environmental concerns, industrial tree cultivation is,
in fact, a part of our traditional culture. Tree species with low natural durability like
the poplar wood can also be used in the construction industry if they are
processed with the correct construction.

0z

Amag: Bu calismada endustriyel plantasyonlarin gevresel ve sektérel agidan
oneminin ortaya konmasi ve hizli buylyen endustriyel adaclarin yapi
endustrisinde kullanilabilirliginin geleneksel yapi kiltirimuzde énemli bir yeri
olan kavak agaci 6rneginde arastiriimasi amaglanmigtir.

Materyal ve Yontem: Turkiye’de endustriyel plantasyonlarin durumu ve kavak
agacinin endustriyel ormancilik agisindan potansiyeli literatir taramasi ile
derlenmigtir. Ardindan izmir, Malatya ve Tekirdag sivil mimari &rnekleri
incelenerek, kavak agacinin geleneksel yapilarimizdaki kullanimi arastiriimigtir.

Aragtirma Bulgulari: Kavak agacinin kiris, lento, duvar 6rglisu gibi yapi
elemanlarinda kullanildigi gértimistar. Bu yapi elemanlarinin timiinde 6z odunu
tabakasinin  kullanilmasini  saglayan dairesel formlu konstriksiyonlar
kullaniimistir.

Sonug: Endustriyel adac yetistiriciligi Uretim silireci esnasinda dogaya yuk
getirmeyen aksine karbon emilimi, erozyon, ¢ollesme gibi pek gok gevresel
soruna ¢Ozim sunan belki de tek hammadde Uretim yontemidir. Cevresel
kaygilarimizin artmasiyla birlikte populerlesmis bir kavram olsa da endustriyel
agac yetigtiriciligi aslinda geleneksel kdilturimulzin de bir pargasidir. Dogru
konstriksiyonla islendiginde kavak gibi dogal dayanikliigi disik agaglarin da
yap!1 endustrisinde kullaniimasi mimkindur.
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INTRODUCTION

With increasing environmental concerns, there is a growing recognition of the
importance of natural, recyclable, and sustainable building materials, such as wood. Wood
stands out as one of the most environmentally friendly materials, both in terms of its
production methods and the comfort it offers in its applications. However, in modern
construction, wooden materials are underutilized. This underutilization can be attributed to
several key factors, including misconceptions about the durability of wood, the need for
skilled labour for processing, the time-intensive nature of wood production, the limited
availability of natural resources for wood, and the associated cost. Industrial plantations
plays a vital role in addressing these challenges. Industrial tree cultivation not only ensures
a consistent supply of wood materials but also contributes positively to the ecosystem
during their growth.

The rapid increase in the world population and the continuous expansion of the
global economy place increasing pressure on natural resources. Each year, 40-50 million
hectares of forest are lost worldwide. Climate change, forest fires, and insect infestations
pose serious threats to our forests (Yildirim, 2011). Agroforestry and industrial plantation
initiatives offer viable solutions to alleviate the strain on natural forest resources (Ayaz,
2019).

In Turkey, the term "industrial trees" is often associated with imported species like
Paulownia. However, our country boasts fast-growing tree species that can serve this
purpose and have been historically cultivated. The poplar tree stands out as a prime
example. Beyond its value as a source of raw materials, the poplar tree holds a significant
place in our folk culture and collective memory. Poplar wood, which is now a subject of
extensive debate in terms of its utility as a building material, has a rich history of traditional
use in our architecture. The poplar's fast growth and its ability to thrive in various
geographical regions, thanks to its smooth, elongated trunk structure, make it an excellent
choice for constructing.

MATERIAL and METHODS

In this study, firstly, the state of industrial plantations in Turkey and the potential of
poplar trees in terms of industrial forestry were investigated through literature review.
Subsequently, the use of poplar wood in our traditional buildings was investigated by
examining the 19th and 20th century civil architecture examples of I1zmir, Malatya and
Tekirdag, built with three different construction techniques. The structures were chosen
among the ruined buildings so that the section can be observed easily.

STATE OF INDUSTRIAL PLANTATIONS IN TURKEY

Industrial plantations are afforestations specifically designed to cultivate fast-growing
tree species, primarily to fulfill the demand for wood raw materials (Urgeng, 1998). These
fast-growing trees, including willow, poplar, paulownia, and eucalyptus, are commercially
grown to support the forest products industry, the production of wood-based panels,
building materials, and paper and cardboard (Tasdemir et al., 2015; Kaymakgi et al., 2011).
Industrial afforestation holds a distinct advantage over traditional afforestation in terms of
the wood yield achieved per unit area. This is because these plantations are strategically
located in areas with high-quality soil, ideal for employing intensive afforestation
techniques, such as deep soil cultivation and maintenance. Furthermore, these areas
facilitate the use of improved tree species. (Erkan, 2021; Akglil et al., 2022).
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The first official efforts for industrial afforestation in Turkey can be traced back to the
1950s (Eraslan, 1983). The establishment of the Poplar Research Institute in Izmit in 1962
further accelerated industrial plantation endeavours. Various tree species, including
eucalyptus, pine, fir, and poplar, have been subject to industrial afforestation experiments
through university-led scientific studies (Sen & Gungor, 2018). Today, nearly all industrial
afforestation activities in Turkey are managed by the General Directorate of Forestry. These
initiatives adhere to an action plan covering the 2013-2023 period and are guided by annual
programs tailored to the specific needs of Regional Directorates of Forestry (Erkan, 2021).

Under the framework of this action plan, the General Directorate of Forestry has
carried out industrial afforestation on a total of 62,324 hectares of land as of 2020. Notably,
94% of these afforestation efforts involved pine species, while the remaining 6% utilized
ash, poplar, and eucalyptus. The regional directorates in Canakkale, izmir, Mugla, and
Sakarya collectively accounted for approximately half of these afforestation activities
(Gurlevik et al., 2022). This action plan has incentivized both individuals and legal entities
to participate with interest-free loan support and specified grant, resulting in the
establishment of private industrial afforestation initiatives that covered an area of around
2,000 hectares by 2020 (Gértcu et al., 2020).

The industrial wood production managed by the General Directorate of Forestry
amounted to 7,329,269 cubic meters (m?) in 2000, which then increased to 15,521,622 m?
in 2017 and further to 22,113,248 m? in 2019. On the other hand, the private sector
contributed to the production of 3.3 million m?® of industrial wood in 2014 (Akkaya et al.,
2020). When assessing Turkey's forest resources' production capacity along with the
growing demand for industrial wood raw materials, it becomes evident that the demand for
wood raw materials cannot be met despite the increase in production. For this reason,
imports continue to play a significant role in fulfilling the sector's need for wood raw
materials (Velioglu et al., 2022).

USE OF POPLAR TREE FOR INDUSTRIAL PURPOSES

Humanity's interest in the poplar tree dates back to ancient times. The Latin name
for the poplar, "Populus,” harks back to the ancient Roman Empire when it was referred to
as "Arbor Populi," meaning "People's Tree." In our country, this enduring interest in the
poplar tree is reflected in our folklore (Birler, 2010). The poplar tree has inspired idioms and
poems. Traditions such as planting poplar trees to celebrate the birth of children and using
them as boundary markers in gardens have made it an integral part of our culture.

Poplar (Populus L.) falls under the botanical classification of the Salicaceae family,
which is part of the Salicales order. It is classified within the dicotyledons (Dicotyledonae)
class, belonging to the angiospermae subphylum of the seed plants (Spermatophyta) group
(Tungtaner 2008). Worldwide, there are over a hundred species of poplar, with our country
hosting 8 taxa (Aslan, 1994). In Turkey, the Aspen (Populus tremula L.) species, which
holds particular significance in forestry, has established itself in nearly all regions. White
Poplar (Populus alba L.) and Black Poplar (Populus nigra ssp. nigra) that are not as
prominent in forestry but are cultivated for other purposes, along with Black Poplar hybrids
(Populus euroamericana) that are grown in agricultural areas and their surroundings and
have been contributing to poplar wood production in the last 20-25 years, are important
varieties for Turkey (Oztan & Sahin, 2003). Since the inception of the studies conducted by
the Poplar and Fast-Growing Forest Trees Research Institute in 1962, various foreign
poplar species have been introduced and grown in Turkey. At present, over half of the
poplar trees cultivated for industrial use in our country are foreign poplar clones (Birler,
2010; Atesoglu et al., 2022).
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In industrial afforestation, the waiting period to obtain the final product is quite
lengthy, typically around 60 to 100 years. However, in the case of poplar cultivation, the
average time from the establishment of afforestation to the generation of final revenue is
significantly shorter, averaging just 12 years (Birler, 2010). Poplar plantations, whether
dispersed throughout agricultural lands or established in row formations, also play a crucial
role as windbreaks. This positive function mitigates the adverse effects of strong winds and
enhances the yield of surrounding agricultural products. Moreover, in addition to its capacity
to absorb carbon dioxide from the atmosphere, poplar industrial plantations serve as
valuable carbon storage units for long-lasting wood-based products (Marchi et al., 2022).

Table 1. Sectoral utilization quantities of poplar trees according to OGM 2022 data

Usage Volume (m?)

Planted trunk volume with bark  165.042

Lop 11.815
Industrial wood 1.542
Pulpwood 4.811
Fibre-chip wood 107.876

According to the 2022 data from the General Directorate of Forestry, the most
commonly used trees for raw material production, in descending order, are red pine, other
pine species, fir, beech, spruce, oak, cedar, alder, poplar, hornbeam, and juniper. Poplar
occupies the 9th position in this list, considering both the planted bark trunk volume and
log volume data (Anonymous, 2022). The annual usage quantities of poplar wood by
sectors are outlined in Table 1. Notably, the primary utilization of poplar wood is for the
production of wood-based boards, including fiberboards and chipboards, with limited usage
in the construction industry.

Table 2. Mechanical Properties of Black Poplar Wood (Bozkurt and Erdin, 2000)

Properties Value

Elastic Modulus in Bending 8.630 N/mm?
Bending Resistance 63 N/mm?
Tensile Strength 75 N/mm?
Compressive Strength 34 N/mm?
Dynamic Bending (Shock) Resistance 0.49 kN/cm
Shear Resistance 5-6 N/m?
Brinell Hardness Resistance Parallel to Fibers 24-37 N/mm
Brinell Hardness Resistance Perpendicular to Fibers 10-15 N/mm?
Fracture Resistance 0.6 N/mm?

Poplar wood exhibits a light color and is devoid of any discernible odor. While there
is no substantial color contrast between the spring and summer wood within the annual
rings on its cross-section, these rings are readily visible. Due to its rapid growth, the annual
rings in poplar wood tend to be wider compared to many other tree species, but the
proportion of summer wood within the annual ring is relatively less (Bozkurt & Erdin, 1997).
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On average, fully dry poplar wood possesses a density of 0.40 g/cm?3, whereas the air-dry
density averages 0.43 g/cm?® (Oner & Aslan, 2002; Aslan, 1994). The growth rate and
density play a pivotal role in determining the material's mechanical strength. As a result,
poplar wood tends to have lower mechanical resistance compared to other hardwoods
(Table 2). Consequently, it is classified as a less durable tree species within the wood
industry.

USABILITY OF POPLAR WOOD AS A BUILDING MATERIAL

Poplar is a species that has been cultivated in Anatolia for centuries. For this reason,
it holds a significant role in Turkish housing culture, particularly in rural areas. The value of
the poplar tree in this context goes beyond its widespread cultivation and fast growth.
Contrary to some modern perceptions, poplar wood boasts a smooth and elongated trunk,
making it easily moldable and lightweight. These qualities render it an excellent choice for
building materials. In various regions of Anatolia, poplar wood was employed as beams in
adobe or masonry structures (Figure 1).

Figure 1. a “Poplar beam detail from Birgi/izmir houses (19" century).” b “Poplar branches used in wall
masonry construction from Ugmakdere/Tekirdag houses (19" century)”. c. “Poplar beams and columns used in
an adobe house in Hekimhan/Malatya (20" century)”.

In our traditional architecture, poplar wood has been consistently utilized in its natural
circular (log) form, primarily in load-bearing elements like beams. Thinner branches were
employed in the beams that connected these main beams to the floor, as well as in wall
fillings. Importantly, these branches were often used in their natural circular form, which
ensured that the heartwood layer of the tree remained within the beam. This approach
significantly contributed to the structure's durability and extended its lifespan. In fact, the
natural durability of wood material depends not only on the type of tree but also on which
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layer of the tree is used. The heartwood layer of a tree considered to have low natural
durability may outperform the sapwood layer of a tree with higher natural durability
(Bozkurt, 2011; Bokurt & Erdin, 1997). Therefore, through proper material selection and
correct construction methods, fast-growing trees like poplar can indeed find valuable
application in the construction industry.

In addition to its use as solid wood, poplar also finds application either independently
or in combination with other tree species in the production of wood-based sheets, including
OSB and plywood, which hold significant importance in the construction industry (Bal &
Bektas, 2012). Furthermore, poplar is exceptionally well-suited for the production of
laminated panels such as LVL (Laminated Veneer Lumber) and CLT (Cross-Laminated
Timber), two widely used building materials in contemporary architecture (Ceylan, 2021,
Avlar, 2022, Castur, 2021). LVL and CLT panels are created by pressing wooden boards
with fibers oriented in opposite directions, resulting in increased durability compared to
solid wood. This property enables the use of tree species with lower natural durability and
mechanical strength, like poplar, as viable building materials.

RESULTS and DISCUSSION

The production of wood raw materials in our country struggles to keep up with the
demands of wood-using sectors, especially given today's technological requirements. This
also impacts material preferences within the construction industry. The constraints imposed
by limited natural forest resources, coupled with the prolonged process of industrial wood
material production, contribute to a gradual rise in raw material prices. To promote the more
extensive use of natural materials like wood in the construction industry, it is imperative to
enhance the supply of wood raw materials. Industrial plantations featuring fast-growing tree
species offer a promising solution to address these challenges. Furthermore, apart from
their economic significance and their role in satisfying the demand for wood raw materials,
industrial plantations play a vital role in preserving natural resources, ensuring the
continuity of forests, and maintaining ecosystem.

One of the most important species grown for industrial purposes in our country is the
poplar tree. Poplar has an important place in social memory and our architectural heritage.
However, the direct use of poplar wood in the construction industry is currently very limited.
Negative prejudices regarding its natural durability cause it not to be preferred as a building
material in the sector. In fact, when processed with the correct construction, it is possible
to use it as solid wood in the construction industry. Our wooden construction heritage
teaches us that tree species with low natural durability can also be used in the construction
industry if they are processed with the correct construction. We can see an example of a
structure built with poplar supports almost everywhere in Anatolia. Moreover, it can be
converted into alternative building materials such as OSB, LVL, CLT, expanding its use in
the modern construction industry.
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ABSTRACT

Objective: This study aims to estimate the technical efficiency of Turkish
agriculture by employing Data Envelopment Analysis (DEA) method. The paper
seeks to analyze the agricultural productivity of Turkiye and anticipates that this
study will contribute to the existing literature.. Numerous prior studies have
examined the technical efficiency of agricultural products in Tirkiye, with many
utilizing DEA for estimation.

Material and Methods: To compute the agricultural production efficiency of
Turkiye, we utilized time-series data spanning from 1995 to 2019, sourced from
FAOSTAT. The output variable is measured as agricultural gross production value
(GPV). The selected input parameters encompass agricultural land, pesticide
usage, fertilizer usage, labor, livestock and the presence of machinery.

Results: Analysis reveals that Turkish agriculture exhibits a negative technical
efficiency score, representing a deficit of 2% over the study period. This indicates
that the agricultural sector consistently falls short of achieving optimal productivity
levels on an annual basis.

Conclusion: In this study, we compare Turkish agriculture with itself and
conclude that there has been a notable increase in total factor productivity over
the past 25 years.

oz

Amag: Bu calisma, Veri Zarflama Analizi (VZA) yontemini kullanarak Turk
tariminin teknik etkinligini tahmin etmeyi amaglamaktadir. Calisma, Turkiye'nin
tarimsal verimliligini analiz etmeyi amaglamakta ve mevcut literatire katki
saglayacagi dusunilmektedir. Turkiye'de tarimsal urinlerin teknik verimliligini

inceleyen ¢ok sayida ¢alisma bulunmaktadir ve bunlarin birgogu tahmin igin
VZA'y1 kullanmaktadir.

Materyal ve Yontem: Turkiye'nin tarimsal Uretim verimliligini hesaplamak igin
FAOSTAT'tan elde edilen 1995-2019 yillarini kapsayan zaman serisi verileri
kullanilmistir. Cikti degiskeni tarimsal gayrisafi Uretim degeri (GPV) olarak
olgulmustur. Segilen girdi parametreleri tarimsal arazi, pestisit kullanimi, giibre
kullanimi, isgtict, hayvan ve makine varligini kapsamaktadir.

Arastirma Bulgulan: Analiz, Turk tariminin galisma dénemi boyunca %2'lik bir
acig1 temsil eden negatif bir teknik etkinlik skoru sergiledigini ortaya koymaktadir.
Bu da tarim sektértinin yillik bazda optimum verimlilik seviyelerine ulagsmakta
surekli olarak yetersiz kaldigini géstermektedir.

Sonug: Bu galismada Turk tarimini kendisiyle karsilastinimis ve son 25 yilda
toplam faktor verimliliginde gozle gorulir bir artis oldugu sonucuna ulasiimistir.
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INTRODUCTION

Agriculture is one of the most important sectors of Tlrkiye's economy, accounting for
6.5% of the gross domestic product in 2020. Turkiye is the world leader in the production
and export of nuts, cherries, figs, and apricots. The country is placed among the top five in
the world in terms of many other agricultural products. In 2020, agricultural land was
estimated at 37.7 million hectares (TUIK 2021). Nevertheless, agricultural land has reached
a maximum level and cannot be increased any further in Tirkiye. To increase agricultural
production; inputs should be used effectively (Akturk and Kiral 2002). Water, land,
fertilizers, pesticides, agricultural technology, and agronomic management are increasingly
important in facilitating the improvement of agricultural productivity and technical efficiency
(Wang et al. 2017). Increasing agricultural productivity and technical efficiency is a very
important policy objective in most developing countries because it is one of the main
sources of overall growth (Zamanian et al. 2013). Since the pioneering work by Farrell in
1957, which drew upon the works of Debreu (1951) and Koopmans (1951), a considerable
effort has been directed at refining the measurement of technical efficiency. The literature
on efficiency analysis is broadly divided into deterministic and stochastic frontier
methodologies. The deterministic, nonparametric approach that developed out of
mathematical programming to measure efficiency is known as data envelopment analysis
(DEA), while the parametric approach that uses a stochastic production, cost, or profit
function to estimate efficiency is called the stochastic frontier approach (SFA) (Chakraborty
et al. 2002). DEA is a non-parametric method and can easily handle multiple input and
multiple output cases. Moreover, in DEA applications, inputs and outputs can have very
different units of measurement without requiring any a priori trade-offs or any input and
output prices (Gul et al. 2009).

Until the year 2000, the agricultural sector in Turkiye was supported by price-
weighted policy tools (Abay et al. 2005). After the 2000s, radical changes occurred in the
agricultural support system (Sahinoz et al. 2005). This study aims to evaluate agricultural
technical efficiency over a 25-year period from 1995 to 2019 in Turkish agriculture by
applying DEA methods. This paper aims to provide an analysis of the agricultural
productivity and total factor productivity of Tlrkiye and is expected to provide a contribution
to the literature and be used for preparing agricultural policies.

MATERIAL and METHODS

This study uses DEA and DEA-based Malmquist TFP index model to calculate
technical efficiency and total factor productivity in Turkish agricultural sector from 1995-
2019 periods. Therefore, firstly we provide a brief description of methods.

Data envelopment analysis

First proposed by Farrell (1957) and additionally contributed by Charnes, Cooper,
and Rhodes (1978), DEA is a non-parametric technique based on Linear programming
where the presence of multiple inputs and outputs makes comparison tough for measuring
the relative performance of decision making units (DMU). Efficiency is defined as the ratio
of the outputs produced by a production unit to the inputs it uses. It is known that there will
be changes in productivity depending on the production technology, the efficiency of the
production process, and the differences in the production environment (Gunden et al.
1999). By the efficiency of a production unit, is meant a comparison between observed and
optimal values of its output and input. The comparison can take the form of the ratio of
observed to maximum potential output obtainable from the given input, or the ratio of
minimum potential to observed input required to produce the given output, or some
combination of the two (Lovell 1993). For many years, the efficiency component was not
considered in productivity studies. Efficiency is one of the components that ensure
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productivity change (Gunden et al. 1999). Using DEA to estimate technical efficiency is
achievable with output-oriented or input-oriented parameters. Separate units of efficiency
values for by DEA for their technical efficiency calculate and a value of one indicates
efficiency.

For each decision making unit, below weights of virtual input and output (v;) and (u,
) are formed:

Virtual input = v1Xak +....+ KXk
Virtual output = u1kYk +....+ uYr

Now that the weights are been calculated, and for input and output oriented, adoption
of linear programming to maximize the ratio virtual output/ virtual input for the former and
minimize the ratio virtual input/virtual output for the latter. A desired weight may be different
from each decision making unit. According to Cooper et al. (1999), individual decision
making unit is given the most appropriate group of weights with units which might have
different decision making units. Method of programming output oriented fraction to find the
desired weights to estimate efficiency is formulated as:

min
XS vaXi
fi=ss

2y =1 Uk Xk
s.t

m
m>1 i=1,..,m

Y1 Urk Yy B
Vi, =0,u, =0 rv=1,..,5
j=1..,n

The restraints imply that virtual input versus virtual output ratio need to be equivalent
or greater than 1 for each decision making unit (f=1,...,n). The aim is to achieve the input (
v;) (i=1,..,m) and the output weights values (w,) (r=1,...,s) that decrease virtual
input/virtual output ratio, decision making unit being estimated. The equation above
produced unlimited results, therefore, the way of fractional programming can be
transformed into linear programming method below.

min

Gk = LiZ1 Vik Xie

s.t

Droi UV XL v Xy =0 i=1,..,m
2t Uy Ve = 1 r=1,..., s
Vi = 0,y =0 j=1,..,n

The equation is considered as the multiplier form of the DEA approach. On the other
hand, the DEA problem can be presented using duality. Measuring TEcrs with k decision
making unit, r outputs, and i inputs is done by envelopment form. The following model can
be formulated as:

max Z,

s.t

_ijilyrj Ajk +Y}-RZ;( =0 r=1,..,8
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here 1< Zk < « and Zk -1 analysis the relative gain in output shown through k-th
decision making unit, input is at constant state while constant vector nx1 is A. Thus, 1/Z«
calculates TE and measures would lie between 0 and 1. Utmost average of Zx is resolves
by linear program considering the restriction of the relatively gained vector of both input
and output are in a realizable state and the magnitude variables are positive. Equal
estimation of TE by output and input orientations is referred to as CRS in production frontier.
Thus, this study adopted an output oriented estimation of TE thereby putting it into the
consideration of how much output can be increased while maintaining the amount of inputs
in the production.

In this paper, DEA and MPI are used to study the technical agricultural production
efficiency in Tirkiye. Parametric approaches make strict assumptions about the functional
form, such as constant returns to scale and technological efficiency, which are difficult to
justify in practice. In contrast, DEA is a nonparametric technique used to compute the
efficiency of homogeneous DMUs and helps in improving the efficiency level by
benchmarking a unit against the most efficient unit. The DEA method requires no initial
assumptions about specifying the involved production functions as well as the standard
errors (Takundwa et al. 2017).

Data envelopment applications can be classified into input-oriented and output-
oriented. An input-oriented model minimizes the inputs for a desired level of output to be
achieved, and an output-oriented model maximizes the outputs while the inputs are kept at
a constant level. Both input and output-oriented models seek to maximize the outputs,
minimize the inputs, and thus maximize the efficiency. In general, the input-oriented model
closely focuses on operational and managerial issues, whereas the output-oriented model
is more associated with planning and strategy (Rajasekar and Deo 2014). In this study,
output-oriented DEAs have been selected. As a method, output-oriented CCR and BCC
models were used. An output orientation has been selected because it would be fair to
assume that, in agriculture, one usually attempts to maximize output from a given set of
inputs rather than the converse (Coelli and Rao 2005).

Malmquist Total Factor Productivity Index

Malmquist (1953) uses the Malmquist index model to calculate the index employed
in estimating input decomposition. Furthermore, Fare et al. (1992) integrated the ideas
about efficiency from Caves et al. (1982). Additionally, it is done to create the input and
output of the Malmquist TFP index using DEA. This model of the DEA-based Malmquist
productivity index is considered one of the best methods for decision-making units in
productivity. According to the literature on productivity growth, the Malmquist productivity
index allows the evaluation of two data points in productivity growth, such as x for inputs
and y for outputs. The Malmquist productivity model is estimated through multiplying units
of individual distance data and corresponding technological change. According to Fare et
al. (1994); the Malmquist productivity change index among the terms (s) and (t) is
formulated below: (Tipi and Rehber, 2006)

G one) = (dz(x:.yt))x d Gy |
GRS LTS A eS)

The concept dj (x:, yi) stands for the distance between terms t and s technology. A
score of more than 1 would represent positive total factor productivity growth from term s
to term t. Another method of formulating the Malmquist productivity index is observed
below:
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Consequently, change in technical efficiency and technology change are the two
elements that could decompose the Malmquist productivity index. Fare et al. (1994)
described two ideas: outside and inside of a pair of brackets. The outside estimates
efficiency change between terms s and t, while the inside brackets estimates technological
change that translates into a measure of an average of a movement in the technology of
the two terms.
ab (x¢.9%)
dg (xs.ys)

Efficiency change =

df;(X:.yt)) . (ag(xs,ys])]m

abxeye)/ ” \ab (xsys)

Technical change = [(

In addition, Nin et al. (2003) described efficiency change as an estimated interval
between actual production and the utmost prospective production between terms s and t,
whereby the movement of technology between the two terms s and t indicates technical
change. A positive is observed if the mean score is above 1, and regression or negative
movement is considered if the average score is below 1. Also, when the average mean
equals one, it shows no technological frontier movement. The Malmquist productivity index
has the same scenario as the technical efficiency change integral. Furthermore, Malmquist
four distance functions are needed in the calculations of the experimental approach. Thus,
the data envelopment analysis-based linear programming method under constant return to
scale assumption could be estimated by the distance function.

Data

To calculate the agricultural production efficiency of Turkiye, we used time-series
data from 1995 to 2019. 25 years was considered to cover structural changes in the
agriculture sector of Turkiye. Most of the data is gathered from FAOSTAT.

Determination of input variables and output variables is crucial in data envelopment
analysis. The input and output variables are selected based on literature research and the
availability of published data. The output is measured in agriculture GPV. The selected
input parameters are agriculture land, chemical use, fertilizer use, the amount of labor
employed, livestock and machine presence.

Y (agriculture GPV, constant 2014-2016 thousand US$)) =X1, X2, X3, X4, Xs, Xs, X7,
Xs

Agriculture land (X1): It represents land used for the cultivation of crops and animal
husbandry. The total area classified as "Cropland" and "Permanent meadows and
pastures" is the total area classified as "Cropland."

X2 variable describes total pesticide, covering insecticides, fungicides, and
bactericides (including seed treatments), herbicides, plant growth regulators, rodenticides,
mineral oils, disinfectants, and others.

Fertilizer use (Xs, X4, Xs5): These variables show the total amounts of nitrogen (N),
phosphate (P20s), and potash (K20) from all fertilizer products used in agriculture.

The labour employed (Xe): This variable indicates the share of people employed in
agriculture. The indicator provides information on the relative importance of agriculture in
employment. This variable can be defined as the percentage of all people seeking or
working as employers, self-employed, salaried, or unpaid employees.

The livestock (X7): This was created by aggregating animals using livestock unit
equivalence.
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The machine presence (Xs): This variable is the total number of tractors and
harvesters used in agriculture.

In the study for the calculations, DEAP 2.1 and for plots deaR-shiny
(https://rbensua.shinyapps.io/deaR/) was used which is an interactive web application used
to evaluate efficiency and productivity.

RESULTS and DISCUSSION

This section shows the results of the analysis. Descriptive statistics about model
variables are shown in Table 1.

Table 1. Descriptive statistics of variables (1995-2019)
Cizelge 1. Degiskenlerin tanimlayici istatistikleri (1995-2019)

Variable (1995-2019) Mean STD Min. Max.

Y- Agricultural GDP (billion TL, fixed prices) 61013750.00 10289525.11 46906006.00 79784624.93
Xi1- Agricultural land (1000 ha) 39403.00 1138.22 37716.00 41223.00
Xo- Total pesticide used in agriculture

(tonnes) 38009.80 9096.92 25539.00 60020.00
X3- Nutrient nitrogen used in agriculture

(tonnes) 1400483.24 204114.74 1053685.00 1896479.00
Xa- Nutrient phosphate used in agriculture

(tonnes) 584617.32 94429.58 328791.00 792490.00
Xs- Nutrient potash used in agriculture

(tonnes) 93312.92 20056.35 66300.00 131599.00
Xe- Share of employment in agriculture (% of

total employment) 28.53 8.80 18.11 44.11
X7~ Livestock unit 17670568.57 2358729.57 15045277.55 23708528.50
Xs- Agricultural machinery 1078774.68 170978.64 776863.00 1372102.00

Technical efficiency measures over the period 1995-2019

The results of the technical efficiency values from 1995-2019 in Turkish agriculture
are summarized and presented in Table 2. If the calculated TE value is equal to one, it
means full technical efficiency in that year, and if it is less than one, it means
ineffectiveness. The TE score also reflects the utilization performance of the factors of
production. The fact that this index value is less than one means that the maximum output
is not produced with the available inputs. It can be noticed that Turkish agriculture is
efficient on average throughout the 1995-2019 years, except in 1997, 1998, 1999, 2000,
2003, 2004, 2005, 2007, 2009, 2014, and 2016 (Figure 1).
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Figure 1: Inefficient years and targeted years

Sekil 1. Verimsiz yillar ve hedef yillari

When the TE value is examined, it can be said that it was at its lowest level in 2007.
According to the analysis, Turkish agriculture has a negative technical efficiency score,
which is negative 2% over the study period. This shows that the Turkish agricultural sector
is producing relatively less than the best frontier practice annually. In other words, Turkish
agriculture is inefficient. The term "inefficient" is used to mean the distance between a given
year and the best practice frontier. Inefficiency is not just a result of the input factors used
in the model. This result means that agricultural efficiency improvements are needed. Tipi
and Rehber (2006) also highlighted that technical efficiency in agriculture is influenced by
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several factors that are not related to the technological choices made by the producers.
Environmental conditions, location, transportation network, farm size distribution, and the
size of local economies are the main elements explaining technical efficiency variation.
Institutional factors such as extension and agricultural policies also need to be examined.

Table 2. Data envelopment analysis (DEA) technical efficiency (TEcrs) scores for Turkish agriculture from 1995
to 2019

Cizelge 2. 1995-2019 yillar1 arasinda Tiirk tarimi igin veri zarflama analizi (VZA) teknik etkinlik (TEcrs) skorlari

Year TEcrs Year TEecrs Year TEecrs Year TEecrs Year TEers

1995 1.000 2000 0.958 2005 0.947 2010 1.000 2015 1.000
1996 1.000 2001 1.000 2006 1.000 2011 1.000 2016 0.987
1997 0.970 2002 1.000 2007 0.898 2012 1.000 2017 1.000
1998 0.997 2003 0.918 2008 1.000 2013 1.000 2018 1.000
1999 0.934 2004 0.959 2009 0.963 2014 0.976 2019 1.000
Mean 0.980

Years with an efficient TE score are the peers that determine the best production
limit. Thus, Figure 1 is a graphical depiction of the reference sets of the inefficient years. In
this plot, the inefficient years are represented as red nodes in the inner circle, while the
efficient years correspond to the green nodes lying in the outer circle. From each inefficient
year, there is an arrow joining it with each one of the efficient years in its corresponding
reference set. Additionally, the size of each efficient year is proportional to the sum of the
intensities obtained in the different reference sets to which it belongs.

Table 3. Malmquist TFP index summary of annual means for the DEA model, 1995-2019
Cizelge 3. VZA modeli igin yillik ortalamalarin Malmquist TFV endeksi ézeti, 1995-2019

Year TFPC TC TEC PEC SEC

1996 1.019 1.019 1.000 1.000 1.000
1997 0.978 0.978 1.000 1.000 1.000
1998 1.011 1.011 1.000 1.000 1.000
1999 0.962 0.962 1.000 1.000 1.000
2000 1.087 1.087 1.000 1.000 1.000
2001 1.056 1.056 1.000 1.000 1.000
2002 1.065 1.065 1.000 1.000 1.000
2003 0.935 0.935 1.000 1.000 1.000
2004 1.055 1.055 1.000 1.000 1.000
2005 0.947 0.947 1.000 1.000 1.000
2006 1.206 1.206 1.000 1.000 1.000
2007 0.775 0.775 1.000 1.000 1.000
2008 1.296 1.296 1.000 1.000 1.000
2009 0.825 0.825 1.000 1.000 1.000
2010 1.080 1.080 1.000 1.000 1.000
2011 0.980 0.980 1.000 1.000 1.000
2012 1.013 1.013 1.000 1.000 1.000
2013 1.000 1.000 1.000 1.000 1.000
2014 0.975 0.975 1.000 1.000 1.000
2015 1.026 1.026 1.000 1.000 1.000
2016 0.899 0.899 1.000 1.000 1.000
2017 1.040 1.040 1.000 1.000 1.000
2018 1.123 1.123 1.000 1.000 1.000
2019 0.995 0.995 1.000 1.000 1.000

Mean 1.009 1.009 1.000 1.000 1.000
Note: 1996 refers to the change between 1995 and 1996, and so on

TFPC = (TEC) x (TC).
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TEC = (pure efficiency change) x (scale efficiency change).

The Malmquist TFP index was obtained by applying the DEA technique to the model
specification in the data set. The Malmquist TFP index represents the productivity of the
production point (xt+1, yt+1) relative to the production point (xt, yt). A change in total factor
productivity (TFP) index value greater than one indicates an increase in TFP, and lower
than one indicates a decrease in TFP. Again, TEC (technical efficiency change) and TC
(technology change) indices of TFP components greater than one indicate technical
efficiency and technological progress, while those lower than one indicate regression. On
the other hand, TEC is divided into two types: change in pure efficiency (PEC) and change
in scale efficiency (SEC). Scale efficiency shows the success in producing at an appropriate
scale (Deliktas 2002). Table 3 shows the Malmquist TFP index summary of annual means
for the model. It shows the annual means of TFPC, TC, TEC, pure efficiency change, and
scale efficiency change over the study period (1995-2019). The mean TFPC of 1.009
indicates that, on average, over the sample period, there was a 0.9% productivity gain.
There are fluctuations in technology change and total factor productivity indexes from year
to year.

On average, the Turkish agricultural sector shows 0.9% positive productivity
progress over the years 1995-2019. The reason for the growth in agricultural productivity
is the increased adoption of technology change. The mean of TEC is 1.000 and the mean
technology change is 1.009. Productivity gains were largely the result of technical change.
This is because the mean TEC (1.000) is less than the mean technology change (1.009).

This study estimates agricultural technical efficiency in Turkish agriculture by
applying output-oriented DEA and Malmquist index methods to one aggregated output and
eight (8) inputs during the period 1995-2019. Study results show that Turkish agriculture
has experienced a negative efficiency of 2%. In 2007, lowest technical efficiency score ever
recorded was 0.898. The Malmquist TFP index decomposition has indicated that total factor
productivity experienced a positive change of 0.09% in the study period. The analysis
revealed that the year 2008 has the highest score of 1.296 (+29.6%) and the year 2007
has the lowest TFPC score 0.775 (-22.5%). According to DEA analysis, implemented
Turkish agricultural reforms and policies have decreased efficiency by 2%, but increased
Malmquist factor productivity index by 0.9% annually. The study suggests a few policies
and recommendations. Policies and support should be selected more precisely to increase
technical efficiency in agricultural production. Farmers should have easy access to
extension services that affect efficiency in the sector. Also, both the public and private
sectors should invest in infrastructure, access to credit, and trade policies that help in
improving the sector.
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ABSTRACT

Objective: The market for fish and fishery products aims to provide an economic
description of the entire fisheries and aquaculture industry. Fish consumption is
subject to many influences, including the socioeconomic background of
consumers, their general pattern of food consumption, their health status, and
numerous dimensions. The aim of this study was to determine the level of fish
and fish products consumption in Bosnia and Herzegovina..

Material and Methods: An appropriate sample of residents in larger cities in
Bosnia and Herzegovina was examined.

Results: The largest percentage of respondents was from the group of qualified
officials and senior management (26.2%), followed by almost the same officials
of lower and middle management (23.8%). Respondents most often buy fish for
frying about 45.1%, while 25.5% of respondents buy fish for storage, then about
21.6%. The supply of fish in our country is mediocre even about 62.0%, then 16%
of respondents rated the supply of fish in our country as good with about 16%,
about 14% of respondents could not assess what the supply of fish in our country.

Conclusion: It can make one conclusion that in Bosnia and Herzegovina fish eat
relatively little in relation to the quantities produced.

(074

Amag: Balik ve su Urlnleri pazari, genel balikgilik ve su Urtnleri endustrisinin
ekonomik bir tanimini sunmayi amaclamaktadir. Balik tuketimi, tlketicilerin
sosyoekonomik arka planlari, genel gida tiiketim dlzenleri, saglik durumlari ve
cesitli boyutlar gibi birgok etkene baghdir. Bu galismanin amaci, Bosna-Hersek'te
balik ve balik Urlnleri tuketim duizeyini belirlemektir

Materyal ve Yontem: Bosna-Hersek'in biyiik sehirlerinde yasayanlar arasinda
uygun bir drneklem incelenmistir

Arastirma Bulgulari: Katilimcilarin en buyuk ylzdesi, nitelikli yetkililer ve Ust
dizey ydneticiler grubundan (26.2%) gelmekte olup, neredeyse ayni oranda
daha dusuk ve orta diizey yoneticilerin oldugu bir grup (23.8%) takip etmektedir.
Katihmcilar en cok baligi kizartmak igin alr, yaklasik %45.1, ardindan
katilimeilarin - %25.5'i bali§i saklamak igin alir, ardindan yaklasik %21.6.
Ulkemizde balik arzi ortalama olarak kabul edilebilir, yaklagik %62, ardindan
katihmcilarin %16's1 Glkemizdeki balik arzini iyi olarak degerlendirdi, yaklagik
%16, katilimcilarin yaklasik %14'G Glkemizdeki balik arzini degerlendirememistir.

Sonug: Bosna-Hersek'te Uretilen miktarlara gore, insanlarin nispeten az balik
tukettigi bir sonuca varilabilmektedir.
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INTRODUCTION:

In Bosnia and Herzegovina, fish consumption is at a low level compared to other
countries, estimates are in the range of 3-5 kilograms of fish per year per capita, in contrast
to, for example, 15-20 kg of dried meat products and salami. "For most Bosnians, fish is
not meat."

In this sense, we cite the example of Japan, where the average fish consumption per
inhabitant is about 68 kg per year, so about 15 times more than in our country. Scientific
data on the attitudes of the inhabitants of Bosnia and Herzegovina regarding the
consumption of fish and other processed products are very limited. Therefore, examining
the consumption habits and preferences of the Bosnian population towards fish and fish
products is of inestimable value (Karahmet et al. 2020).

Fish is a suitable source of quality protein that is essential for health (Kim et al.
2000). Fish is usually cooked in different ways such as boiling, baking, frying and grilling.
These cooking methods result in enhanced taste, flavor and improve digestibility and
inactivate pathogenic microorganisms (Kocatepe et al. 2011). During the preparation of
fish, some chemical and physical reactions take place, such as protein denaturation, which
increases its digestibility and improves its nutritional value.

Fish consumption is subject to many influences, including consumers'
socioeconomic background, their general food consumption patterns, their health status,
and numerous dimensions. (Trondsen et al. 2004). A complex interrelationship can be
expected among these factors. Consumers' attitude towards fish consumption, for
example, may be based on personal experience with the availability of high-quality fish,
fish preparation skills and feedback received from immediate family members (Myrland et
al., 2000; Scholderer and Grunert, 2001; Turell, 1998).

Fish meat belongs to aromatic meats and is appreciated as very tasty. Fish meat
is easily digestible, so it is often recommended in dietary and dietary diets. It contains small
amounts of connective tissue. Its muscle fibers are delicate in structure. Fish meat contains
many biologically valuable proteins that have a favorable ratio of amino acids. Due to the
high content of mono- and polyunsaturated fatty acids, fish meat has a high nutritional value
(Karahmet et al. 2020). This value is particularly pronounced due to the presence of long-
chain essential fatty acids. Due to its nutritional value, fish meat occupies an important
place in the human diet. The favorable content of proteins, minerals, vitamins, and
especially essential fatty acids is beneficial in the prevention of numerous diseases (Sidhu,
2003). The human body uses an average of 95% of all the ingredients of fresh, frozen or
smoked fish, 96% of protein and up to 91% of fat.

Knowledge of consumers and their decision-making processes help fish producers
and processors make sound decisions about what to produce and market to ensure
marketing effectiveness (Al-Mazrooei et al., 2001). It can be said that consumer behavior
and habits of consuming fish and other fruits are important factors that influence the
development of the fish production and processing sector. Therefore, consumer attitudes
and habits are studied to determine these factors in many countries.

Consumer segmentation variables are developed to identify specific market
opportunities and formulate a strategy to promote fish consumption in a specific area.
Variables most often relate to five topics: fish consumption, attitudes and knowledge about
the health benefits of fish, interest in potential information when purchasing fish, and
individual socio-demographic characteristics, including weight and height. Fish
consumption is measured as the sum of fish consumed at home and outside. A 9-point
scale ranging from "never" to "every day or almost every day" is used (Wenaty 2018).
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The aim of this study was to determine how past experiences influence consumer
attitudes towards fish consumption, and how these attitudes are closely related to actual
fish consumption patterns.

MATERIAL AND METHODS:

The research is oriented towards surveying the consumption of fish and other fish
products as food items of that part of the population that consumes fish more often, i.e. that
population that looks at, thinks about and buys fish in fish shops, supermarkets and other
places.

The following techniques were used to survey consumers about the consumption
of fish and fish products: surveys and interviews. Collected survey field research data on a
selective sample of the population of Bosnia and Herzegovina that consumes fish more or
less regularly were processed and presented in standard socio-demographic and other
relevant variables. The data are presented in tables, and the most important results are
thematically interpreted and discussed in the text.

RESULTS AND DISCUSSION:

This survey included 120 respondents, of which 70% were female and 30% male
aged 22 to 70. Most of the respondents were from the continental part of the country (about
60%), followed by about 30% in Herzegovina, and the rest of the respondents were with
temporary residence abroad. The work status of the respondents is shown in the following
graph.

@ Zaposlen puno radno vrijeme @ Zaposlen honorarno / povremeno Nezaposlen/a
® Ucenik /student @ Umirovljenik

Figure 1. Employment status of the respondent

Sekil 1. Katilimcilarin istihdam durumu

From Figure 1, we can see that the majority of respondents are employed full-time,
68.6%, while at the same time the number of students was 15.7%. This shows that fish is
most often consumed in families that are employed. In addition to work status, the following
chart shows a detailed description of the respondents' occupation.

The highest percentage of respondents was from the group of qualified employees
and senior management (26.2%), followed by almost the same number of lower and middle
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management employees (23.8%). They are followed by freelancers (16.7%), while
business owners and freelancers are at the same level (11.9%). After the information
related to the respondents of fish consumers, in the following text we will see what their
habits are when it comes to fish consumption. When asked How often do they buy fish for
food?, 58.8% of the respondents stated that they buy 2-3 times a month, while 23.5% once
a week, and the entire structure of the respondents is shown in the following Figure.

Visoko kvalificirani radnik, predradnik

Slobodno zanimanje

Kvalificirani sluzbenici / visi
menadZment (uprava)

Poljoprivrednik

Sluzbenici / srednji i nizi
menadZment

Vlasnik tvrtke, samozaposlen

Kvalificirani i polukvalificirani radnik

Figure 2. Percentage presentation of respondents' occupations

Sekil 2. Katihmcilarin meslek gruplarinin yiizde dagilimi

The surveyed respondents most often buy fish in stores (64%), then in fish shops
(30%), and only 6% of them buy fish from friends or acquaintances and those respondents
who catch fish themselves. Also, the overall structure of this Figure is shown below .

@ U trgovinama
@ U ribarnicama

Od prijatelja, susjeda,
poznanika

Figure 3. The most common places to buy fish

Sekil 3. Balik aligverisi icin en yaygin tercih edilen yerler
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The amount of fish that consumers buy varies considerably, so there are more of
those who buy fish up to one and a half kilograms (39.2%), then those who buy from 0.5-
1.5 kg (31.4%), 17% are of those consumers who buy up to 0.5 kg of fish. There are very
few who buy up to 2 kg (9.8%) and the least number of consumers who buy more than two
kilograms. The following chart shows us more information on this issue.

@® Do pola kg
® 1kg-15kg
Vise od 2 kg
® 05kg-1kg
® 15kg-2kg

Figure 4. The amount of fish that respondents usually buy

Sekil 4. Katihmcilarin genellikle ne kadar balik satin aldiginin gésterimi

According to the analyzed data of the respondents, the most important segment is
that the fish is fresh, in this case of the survey this was confirmed by 37.3% of the
respondents, followed by domestic, fresh and cleaned fish with 17.6%, for cleaned fish
there were 8%, while the percentages for fresh cleaned and frozen fish were the same with
3.9%, and the other choices of respondents were in the last places and with a small
percentage of around 2%.

® Svjezu
@ Domacu, Svjezu, O¢iséenu
Ociscenu, Smrznutu
@ Domacu, Svjezu, Divlju ribu
@ Ociscéenu
@ Domacu, Svjezu
@ Svjezu, Oidcenu
® Smrznutu
Domacu, Svjezu, Ocisc¢enu, Ribu iz uzgoja
@ Filetiranu
Domacdu, Otiséenu, Ribu iz uzgoja
Ocisc¢enu, Divlju ribu
Domacu

Otiscenu, Filetiranu

Divlju ribu

Domacu, Svjezu, Otisc¢enu, Divlju ribu
Figure 5. What type of fish do consumers buy?

Sekil 5. Tiketicilerin hangi tiir balik satin aldiginin gésterimi

Despite the research scientists have done before us, our understanding is still
limited regarding the formation of consumer attitudes about fish consumption and how
these attitudes influence actual consumer behavior. In particular, little attention has been
paid to barriers to consumption related to different products. Understanding such barriers
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is of crucial importance for marketers who want to differentiate their product offering, trying
to meet the needs of certain market segments through improved product quality, distribution
and communication, as well as health segments where they want to improve the status of
their campaign.

The research results show a lack of knowledge about the safety of fishery products
among customers, including processing, storage and monitoring systems - traceability.
Consumer age, educational background, perceived certainty and average price are the
main determinants of traceable fishery products. On average, consumers are willing to pay
more than 6% for safe, traceable products over the price of unverified products and
uncertain safety, which is in line with research by Wang et al. in 2009.

Scientific data on the attitudes of residents and tourists about the consumption of
fish and other sea products are very limited. Therefore, the consumption habits in the
examination of the preference of the Turkish population towards seafood were evaluated
based on the example of Istanbul. Only 15.53% (151) of the 972 participants stated that
they never consume fish or other seafood, but none of them consider seafood unhealthy.
Their main reason for not consuming them is their smell and taste. A significant part of the
participants (84.47%) was highly aware of the nutritional value of seafood. Previous
negative experiences did not reduce the frequency of consumption. The rate of seafood
consumers and the frequency of consumption increases proportionally with the age of the
consumer. The majority of respondents (34.84%) eat seafood once a week and believe that
they should consume seafood more often.

If seafood were more available, many participants (44.10%) stated that they would
consume seafood. The first three preferred fish were oily species, while the most favorite
seafood was mussel. Octopus was the most unfavorable, and most of the participants were
not familiar with surimi. Respondents mostly (96.59%) preferred to consume fresh seafood,
and canning was the favorite (37.64%) processing technology (Erdogan et al. 2011).

This study showed that fish as a meal is more suitable for the elderly. Education,
income and family environment are other important factors. The usual frequency of fish
consumption is 2-3 times a month. Also, the results revealed that most respondents are
aware of the nutritional value of fish and fish products, although the essential content of
amino acids in fish is the least known.

It is interesting that a significant percentage of the respondents believed that they
would have to consume fish more often, while almost half of them stated that they could
consume it more often if fish became easily available and cheaper. Another interesting
result is that a very high percentage of respondents prefer to consume fresh fish over
processed fish. The aforementioned discoveries about consumer preferences can be
useful for the aquaculture sector in Bosnia and Herzegovina to increase fish consumption
or to develop new products, such as more attractive products for young people. Likewise,
various studies have also documented that high price, convenience, cooking, eating habits,
availability, health, sensory properties such as smell and taste, consumer knowledge and
socio-demographic characteristics are the main factors influencing fish consumption in
Bosnia and Herzegovina.

Taking into account both food consumed by humans and seafood processed for food
production, seafood consumption in EU member states is 27 kg per capita. The highest
consumption at the EU level was observed in Portugal (61.5 kg per capita), and outside the
EU, the top consumers were Korea (78.5 kg per capita), followed by Norway (66.6 kg per
capita). (Alexander Raths 2018)
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CONCLUSSION:

In accordance with the set goal of the work and the defined tasks, and based on
the results obtained, it can be concluded that this survey included 120 respondents, of
which 70% are female and 30% male, aged 22 to 70 years. The highest percentage of
respondents was from the group of qualified employees and senior management (26.2%),
followed by almost the same number of lower and middle management employees
(23.8%). About 45.1% of respondents buy fish for frying, while 25.5% of respondents buy
fish for storage, followed by about 21.6%. The supply of fish in Bosnia and Herzegovina is
mediocre, even about 62.0% of them, then 16% of the respondents gave the assessment
that the supply of fish in our country is good with about 16%, about 14% of the respondents
could not assess what kind of fish supply it is in our country. The method of catching fish
that the respondents chose most was with a net 42.9%, then with a hook 36.7%, 10.2%
farming. The respondents were very interested in fish as a food item. In the end, one
conclusion can be made that relatively little fish is eaten in Bosnia and Herzegovina
compared to the quantities that are produced.
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ABSTRACT

Objective: The aim of this paper was to analyze the physical properties of
different tomato sauces and similar tomato products.

Material and Methods: The research was done on 3 tomato sauces produced
from tomato concentrate, salt, vinegar, sugar, spices, and different starch
concentrations (0, 2.5 and 4.5 %) and commercial tomato products (tomato
puree, passata and ketchup).

Results: Experimentally produced sauces had the following values: moisture
77.18 —84.00%, syneresis 14.54-42.62%, density 0.390 — 1.28 g/ml and dynamic
viscosity 500 — 2200 mPas. Commercial samples of tomato puree and ketchup
had lower moisture (65.88 and 68.74%), higher NaCl, and viscosity (2300 and
8150 mPas) and more stable consistency. Calculated thermal conductivity,
specific heat capacity, and freezing point had higher values in samples with
higher moisture content. Considering experimental produced samples the most
stable consistency was noticed in samples with the highest starch concentration.

Conclusion: Experimental tomato sauces made with higher starch amounts had
lower values of moisture content, pH value, thicker and more stable consistency,
lower syneresis, and higher values of viscosity and density. Generally, samples
with higher total solids content had higher viscosity, lower fluidity and
spreadability, but more stable consistency due to lower syneresis.

0z

Amag: Bu makalenin amaci, farkli domates soslarinin ve benzeri domates
Uranlerinin fiziksel 6zelliklerini analiz etmektir.

Materyal ve Yontem: Arastirma, domates konsantresi, tuz, sirke, seker,
baharatlar ve farkh nisasta konsantrasyonlari (0, 2.5 ve 4.5 %) iceren 3 domates
sosu ile ticari domates Urlinleri (domates plresi, passata ve ketgap) lzerinde
yapilmistir.

Arastirma Bulgulari: Deneysel olarak Uretilen soslarin degerleri elde edilmistir:
nem orani %77.18 - %84.00, sinerezis %14.54 - %42.62, yogunluk 0.390 - 1.28
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g/ml ve dinamik viskozite 500 - 2200 mPas. Ticari domates plresi ve ketgap
ornekleri daha disuk nem (sirasiyla %65.88 ve %68.74), daha ylksek NaCl ve
viskozite (sirasiyla 2300 ve 8150 mPas) ve daha stabil kivam degerlerine sahip
oldugu gorilmustir. Hesaplanan termal iletkenlik, 6zgul 1s1 kapasitesi ve donma
noktasl, daha yiksek nem igerigine sahip 6rneklerde daha yiiksek degerlere
sahip oldugu anlasilmistir. Deneysel olarak dUretilen Ornekler g6z o6nlne
alindiginda, en stabil kivamin en yilksek nisasta konsantrasyonuna sahip
orneklerde goéruldigu gézlenmistir.

Sonug: Daha yiiksek nisasta miktarlari ile yapilan deneysel domates soslari,
daha dusuk nem igerigi, pH degeri, daha kalin ve daha stabil kivam, daha disik
sinerezis ve daha ylksek viskozite ve yogunluk degerlerine sahip oldugu
gorilmustir. Genel olarak, daha ylksek toplam kati icerige sahip drnekler, daha

yuksek viskozite, daha disuk akicilik ve yayilabilirlik, ancak daha duslk sinerezis
nedeniyle daha stabil bir kivama sahiptir.
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INTRODUCTION

Tomato (Solanum lycopersicum) is a vegetable species from Solancea family,
originating from South America. Fresh tomato fruits have the following proximate
composition: moisture 94%, total solids 6%, total soluble solids 5.2%, total carbohydrates
3.41%, reduced sugars 2.96%, proteins 0.30%, fats 0.70% and ash 0.55%. Fresh tomatoes
also contain some nutritionally valuable bioactive compounds such as vitamin C 26.6 mg%.,
total carotenoids 37.7 mg%, lycopene 31.82 mg% and total flavonoids 18 mg/g. Lycopene
is a very strong antioxidant, and the red color of tomato originates from lycopene (Ramadan
et al. 2021; Ali et al. 2020). Tomatoes also contain pectin fiber, which is the most important
ingredient that determines physical properties of tomato products. Rheological properties,
texture and consistency of tomato products are influenced by pectins (Sharma et al., 1998).

Tomatoes are widely consumed in the world as fresh, canned or processed into
various products. The most popular tomato products are sauce, ketchup, paste, puree and
soups. Over 80% of the world's produced tomatoes are consumed in the form of processed
products (Gould, 1992).

According to Codex Standard 13 (1981) tomato pulp is defined as skinless ground
tomatoes. Whole or chopped tomatoes can be preserved in tomato pulp or tomato juice.
Tomato concentrates can be classified into two groups (puree and pasta) depending on
total solids content. The lowest required total solid content in tomato concentrates is 7%.
Puree contains at least 7% of total natural tomato solids, while tomato pasta is double or
multiple concentrated tomato puree with at least 24% of natural tomato solids (Codex Stan.
57, 1981). Ketchup is tomato-based sauce that is produced from concentrated tomato juice,
e.g. single concentrate, diluted double or triple concentrate with the addition of sugar, starch
milk, vinegar, salt and various spices. The total solids in ketchup are commonly 25-35%.
Tomato concentrate is a product obtained by evaporation of mashed tomato pulp or tomato
juice, and can be classified according to the amount of dry matter as single (14-16%),
double (28-30%), triple (38-40%) and multiple concentrated (>50%). Pureed tomato is a
product that is obtained by pureeing of chopped tomatoes, with separation of skin, seeds
and rough parts of tomato tissue. Pureed tomatoes are commonly used as the basis for the
production of tomato concentrate, juice, sauce and ketchup. Required total amount of
tomato solids in puree and pulp should be 8-24% of solids, while in pasta at least 24%
(Gould, 1992; Hankin, 1986, Codex stan. 13, 1981).

Pectins are plant polysaccharides soluble in water. Aqueous solutions of pectin have
low values of dynamic viscosity and behave like Newtonian fluids at low concentrations. In
higher concentrations, they take the properties of pseudoplastic non-Newtonian fluids.
When heated in the presence of sugar and acids, they absorb water, swell and form
gelatinous complexes (Wandrey, et al. 2010). Because of that, pectins are good food
stabilizers and emulsifiers, and are widely used in the food industry as a thickener.

The most important physical properties of tomato products are density, dynamic
viscosity, consistency, physical stability and syneresis. Density is defined as a ratio of mass
and volume (p=m/V) and the commonly used units for density are kg/m?, g/l and g/ml.
Viscosity is a specific characteristic of each fluid material and it is defined as a measure of
fluid resistance to flow. The unit for dynamic viscosity is Pas. Liquids with higher viscosity
(more viscous fluids) values had higher resistance to flow. Viscosity and density of liquids
depend on temperature. With increasing the temperature, viscosity and density of liquids
decrease. Kinematic viscosity is the ratio of dynamic viscosity and density (Singh &
Heldman 2009). Density and viscosity of tomato products depend on their composition,
concentration and total solids content. Tomato products with higher solids content have
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higher density and viscosity and thicker consistency. Kumbar et al. (2019) suggested
mathematical models for prediction of tomato ketchup density and dynamic viscosity in
dependence on sample temperature T. According to these models density (p) and viscosity
(M) of analysed samples were calculated using following formulas:

p=06112 « T(°C) + 1031.7 = [kg/m3]

(1)
u = 14544T(°C) + 632.11 = [mPas]

)

Thermophysical properties of are all physical properties that depend on change in
temperature, chemical composition and structure of the material. The water content in the
food has the most important influence on the thermophysical properties of the food. The
most common thermophysical properties of food are: freezing point, thermal conductivity,
specific heat capacity and thermal diffusion. These thermophysical properties can be
predicted by using different mathematical models. In this study calculations of
thermophysical properties were obtained by specific mathematical models specially
established for tomato products and similar vegetable food products (Singh & Heldman,
2009).

MATERIAL and METHODS

Research was done on six samples of different tomato products: three samples of
experimentally produced tomato sauces with different starch concentrations; and three
samples of similar commercial tomato products such as tomato pasasata, ketchup and
tomato concentrate purchased from the local market. The list of samples are given in Table
1.

Table 1. The list of samples

Cizelge 1. Orneklerin listesi

Sample name Description Producer

ETS — 0% Experimental tomato sauce with 0% of added Experimental
starch

ETS -2.5% Experimental tomato sauce with 2.5% of Experimental

added starch

ETS —4.5% Experimental tomato sauce with 4.5& of Experimental
added starch

Passata Commercial purred and canned tomato pulp Podravka d.o.o., Koprivnica,
Croatia

Ketchup Commercial tomato ketchup Polimark Omnico, Belgrade,
Serbia

Concentrate Commercial tomato puree duble Podravka d.o.o., Koprivnica,
concentrated Croatia

Experimentally produced tomato sauce samples were prepared from tomato
concentrate with 28-30°Brix (Nectar, Serbia) 50 g, tap water 40 g, modified corn starch
Thermophylo (TTC TM, Ingredios) with three concentrations 0, 2.5 and 4.50 g, salt 1,00
+0.2 g, sugar 1 g and K-sorbate 0,6 g. Tomato concentrate was mixed with water, heated
at 60°C and starch dissolved in water was added and uniformly mixed. Salt, sugar and K-
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sorbate were added, mixture was additionally heated at 85°C and warm samples were
poured into containers to avoid air bubbles.

Chemical properties

Moisture content was determined by drying at 105 °C until a constant weight was
reached (AOAC, 1995). Total ash content was determined by burning at 550 °C for 8 h
(AOAC, 2000). Water activity value was measured by digital aw meter (Nowasina
Switzerland). Measurement of soluble solids was performed by digital refractometer (0-45
Brix, 952045 B.ATC Alla France) and pH value was measured by pH meter (Metler Toledio).
Soluble solid fraction was calculated as a percentage of soluble solids in total solids
content. Mohr titration with AgQNO3 using potassium chromate as an indicator was used for
determination of NaCl content (E.K. 8045, JUS. 1993).

Physical properties

For physical properties all measurements were done at room temperature 20°C.
Density of samples was determined by measuring the weight in a measuring cylinder and
density was calculated as ratio of weight and volume (Singh & Heldman, 2009)::

p=m/V = [kg/m3]
3)

Dynamic viscosity was measured using a rotational rheometer (Myr, VR 3000) with R2
spindle and rotation speed of 60 and 100 rpm. Kinematic viscosity was calculated as the
ratio of dynamic viscosity and measured density of samples (Singh & Heldman, 2009):

v = u/p = [m2/s]
(4)

where v is kinematic viscosity [m?/s], u is dynamic viscosity [Pas] and p is density [kg/m?]

Apparent fluidity was calculated as reciprocal value of dynamic viscosity (Hlavac et al.
2019; Sing & Heldman, 2009) according to equation:

®=pu—1 = [Pas]—-1
®)

For dispersibility determination 5 g of seasoning powder were put in a 50 ml measuring
cylinder and distilled water (t = 20 °C) was added to 50 ml. The mixture of powder and
water was vigorously stirred and left to stay for 3 h without agitation for the solid phase to
settle. The volume of the liquid phase was measured. Dispersibility was calculated as the
ratio of liquid phase volume Viiquid and total volume Viota (50 ml) (Alawode et al., 2017; Asma
et al., 2006; EI-Gindy, 2018):
Dispersibility(%) = Viguia * 100/ Viora

(6)
Amount of syneresis was measured according to the method described by Dzhivodereva-
Zarcheva et al. (2021). 10 g of samples was put in a centrifuge tube and centrifuged (EBA
20 Heittich) at room temperature and 3000 rev/min for 15 minutes. After centrifugation, the

supernatant was separated and weighted. Percentage of syneresis was calculated as a
ratio of supernatant weight and initial sample weight by following equation:

Syneresis (%) = Mgypernatant 100 / Msample
(7)

Precipitation ratio was determined after measuring syneresis by method described by Xu
et al. (2018). After centrifugation of 10 g of sample at room temperature and 3000 rpm for
15 minutes, supernatant was decanted from the centrifuge tube and weighted. Precipitate

155



weight was calculated as a difference between initial sample mass (10 g) and mass of
decanted supernatant. Precipitate ratio was calculated as ratio of precipitate and
supernatant weight:

Precipitate ratio = Mpyrecipitate/M sample
(8)

Determination of adhesiveness was done by method described by Sihshobhon et al. (2013)
with some modifications. 100 g of sauce samples was placed in laboratory glass, and
wooden stick (15x1,7x0,1 cm) was imersed into samples, taking care that 10 cm of stick
should be immersed in sample. Adhesiveness was calculated by following formula:

Adhesiveness (%) = (m2-m1)100/m
(9)
Where m:z is the weight of a wooden stick with sample, mi- initial weight of wooden stick
without sample and m — weight of sample in glass (100 g).

Spreadability was measured by planimeter according to the method described by Singh et
al. (2014). 100 g of samples was poured out on a plain surface and left to stay for 2-5
minutes. The surface of poured samples was marked and measured by digital planimeter
(Placom KP-92N). Speradibilty was presented as a measured area in cm?/100 g.

Prediction of physical and thermophysical properties

Thermophysical properties and some physical properties were estimated and
calculated by different mathematical models, which used previously determined moisture
or total solids content in samples.

Freezing point was calculated by model suggested by Guegov's model applicable
for food with total solids content between 3.50 and 27% (Guegov, 1980):
Tr = 0.36 - 0.175 « %solids = [°C]
(10)
Specific heat capacity was calculated by model established by Dickerson for fruit

and vegetable liquid or semi-liquid food with water content higher the 50% (Delgado et al.,
2006):

Cp = 1674.7 + 25.12 %water = [J/(kgK)]
(1)
Bowman's model was used for prediction of thermal conductivity coefficient:

A = 0,056 + 0.567 ¢ %water = [W/(mK)]
(12)

Thermal difussion coeficient a was calculated by general definition equation, which assume
density, thermal conductivity and specific heat capacity was used to calculate thermal
difussion coeficient (Singh & Heldman, 2009):

a = 1/(pCp) = [m2/s]
(13)

where a is thermal difussion coeficient [mS/s], A is thermal conductivity calculated by
Browman's model [W/(mK)], p is measured denisity of samples [kg/m®] and C; is calculated
specific heat capacity [J/(kgK)]
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Statistic analysis

All analyses were done in triplicate and results are shown as mean value with standard
deviation. Statistical analysis was performed using one-way ANOVA and post-hoc Tukey
test (p<0.05) using Data Analysis package, Excel 2010.

RESULTS and DiSCUSSION
Chemical properties

Results of chemical characteristics are given in Table 2. Moisture content in samples
ranged between 65.88% (concentrate) and 90.12% (commercial passata).
Experimentally produced tomato sauces had 77.18-83.62% of moisture, and moisture
content decreased significantly (p<0.05) in samples with higher starch concentration.
Total solids content ranged between 9.88% and 34.12%. Samples with higher total
solids (lower moisture content) had higher soluble solids content. In samples with higher
starch concentration, the amount of total solids slightly increased, while soluble solids
slightly decreased. Total solids and soluble solids were significantly higher in tomato
ketchup and concentrate samples in comparison to other samples. Amount of soluble
solids fraction in total solid content varied between 67.08 and 96.15%. Tomato product
samples (ETS-0, passata and concentrate) without addition of starch or other stabilizers
had higher amounts of soluble solid fraction in total solids content. The fraction of
soluble solids had significantly (p<0.05) the lowest values in commercial tomato ketchup
and experimental tomato sauce with 4.5% of added starch in comparison to other
samples. Water activity ranged between 0.911 and 0.952, and there were no significant
differences in values between samples. Sample with the highest moisture
content (passata) had the highest aw value, and sample with the lowest moisture
content (concentrate) had the lowest aw.

pH values varied between 3.72 (ketchup) and 4.30 (passata). Addition of starch in
experimentally produced tomato sauces slightly decreased pH value without significant
differences. Significantly the lowest pH value (the highest acidity) was noticed in
commercial ketchup, probably because of the fact that standard recipe for ketchup
production include addition of vinegar. From declared data, commercial samples
contained vinegar as an ingredient. On the other hand, commercial passata had the
lowest pH value (significantly p<0.05), probably because of significantly the highest
moisture content, and the well known fact that pH value of water is 7. It can be seen
(Table 2) that samples with higher moisture content had higher pH value. Significantly
the highest NaCl content was noticed in commercial ketchup, and the lowest in tomato
passata.

Table 2. Results of chemical analysis

Cizelge 2 Kimyasal analize dair arastirma bulgulari

Experimental tomato sauce samples Commercial tommato samples

Chemical
o ETS-0 ETS-2.5 ETS-4.5 Passata Ketchup Concentrate
caracteristics
Moisture (%) 83.62+0.02b  81.39+0.18b  77.18+0.62c  90.12+0.27a 68.74+0.95d 65.88+1.61d
Total solids (%) 16.38+0.02c  18. 22.82+0.62b  9.88+0.27d 31.27+0.95a 34.13t1.61a
61+0.18¢
15.75+¢0.07c  14.30+0.00d 15.30+0.14c  9.50+0.14e 21.50+0.14b  28.5+1.06a

Soluble solids
(°Brix)
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Soluble solids 96.15+0.54a 76.84+0.37c  67.04+2.44d 96.15+1.18a 68.76+1.65d 83.50+0.83b

fraction (%)

Aw 0.925+0.000 0.938+0.001 0.943£0.001  0.952+0.00 0.938+0.011  0.911+0.021
oH 4.21+0.02b  4.15x0.01b  4.1320.01b  4.30+0.03a 3.72+0.04c 4.13+0.03b
NaCl (%) 0.86+0.01b  0.87%0.01b 1.05£0.00b 0.48+0.30b  4.82+0.18a 0.79+£0.27b

Results obtained for chemical properties were in agreement with literature data.
Literature data confirm that tomato sauces and similar products with addition of starch
had higher total solids content in comparison to samples without starch (Algahtani et
al., 2022, Suri et al., 2017; Kirse-Ozolina et al., 2019; Kumar et al., 2015). Suri et al.
(2017) reported that tomato sauce with addition of corn, rice and potato starch had
moisture content between 80.31 and 87.90%, which is very similar to obtained results
for experimental tomato sauces. Kirse-Ozolina et al. (2019) reported that commercial
tomato sauce produced with addition of starch had a higher amount of moisture (71-
82%) in comparison to sauces without starch (87.91%). Literature data reported that
tomato ketchup has lower moisture content and higher total solids in comparison to
tomato sauce. Moisture content in tomato ketchup is commonly lower than in tomato
sauce. Average moisture content reported from literature in ketchup ranged between
28.14 and 81% (Alam et al., 2008; Anandsynal et al., 2018; Bayod et al., 2018), in
tomato sauce 68-91% (Kirse-Ozolina et al., 2019; Carini et al., 2014; Xu et al., 2018;
Suri et al., 2017; Algahtani et al., 2022), in tomato paste 63-94% (Shatta et al., 2012,
Famurewa et al., 2013) and in tomato juice 64-94% (Youssef, 2009). According to
literature, soluble solids in similar tomato products varied in a very huge range between
4.44 and 44 °Brix (Drusas & Saravacos, 1985, Shatta et al., 2017; Alqahtani et al., 2022;
Yousef, 2009; Hassan et al., 2019). It is important to mention that soluble solids amount
depend on total solids content, and samples with higher total solids have higher soluble
solids. Because of that, tomato juices and sauces have lower total soluble solid than
ketchup and concentrated pastas, which can be shown from Table 2.

According to literature data, average soluble solids content in tomato sauces
commonly had values 21.6-38°Brix (Avinash & Madav, 2014; Xu et al., 2017, Kumar et
al., 2015; Algahtami et al., 2022, Carini et al., 2014) in tomato juices depending on
concentration 4.8-35.9 (Youssef, 2009; Razi et al., 2011) in ketchup 15-55°Brix (Alam
et al., 2009; Anandsynal et al., 2018) and in tomato paste 13°Brix (Famureva et al.,
2013: Shatta et al., 2017) and 14-22°Brix in tomato concentrate (Pandey & Kumar,
2016). These higher values in comparison to obtained results could be explained with
differences in preparation methods mostly with higher total solids content (Algahtani et
al., 2022) and in some cases with lower starch content (Kumar et al., 2015).The most
similar value for soluble solids (15.3°Brix and 81.6% of moisture) is reported by Carini
et al. (2014) for experimentally produced tomato sauce with addition of rice flour and by
Pandey and Kumar (2016) for slightly concentrated tomato puree (14-22°Brix).

Results obtained for aw values were in agreement with literature data for similar
tomato products, where aw values ranged between 0.860- 0.990 (Apostol et al., 2020,
Carini et al., 2014; Kirse-Ozolina et al., 2019). According to Carini et al. (2014) samples
with added rice starch had slightly higher raw value in comparison to salted tomato pulp,
while the highest value was in unsalted tomato pulp.

According to literature pH values of tomato paste and concentrate have values 3.76-
5.70 in tomato paste and concentrate (Famurewa et al., 2013; Pandey & Kumar, 2016,
Shatta et al., 2017; Hassan et al., 2019), 3.88-4.28 in tomato juice (Razi et al., 2011;
Youssef, 2009), 3.2-4.22 in ketchup (Anansynal et al., 2018; Bayod et al., 2008; Alam
et al., 2009; Kumar et al., 2015) and 3.4-4.5 in tomato sauce (Kirse-Ozoliona et al.,
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2019; Suri et al., 2017; Avinash & Madav, 2014, Apostol et al, 2020). Kumar et al.(2015)
reported that pH value of ketchup sligtly decrease with addition of starch, which is in
agreement with results obtained for experimental sauces. Obtained results for ketchup
are also in agreement to literature data, because the ketchup commonly has lower pH
value then sauce and, juice and concentrate.

Results obtained for NaCl content in tomato products were in agreement with
literature data, and indicated that ketchup had higher NaCl amount then tomato sauce.
Commonly reported NaCl content in tomato sauces was 0.7-2.3 % (Di Cariano et al.,
2023, Kirse-Ozolina et al., 2019), 0.5-0.7% in tomato pulp (Naing & Myint, 2020), while
in tomato ketchup 1.2-7.0% (Kumbar et al., 2019, Nasir et al., 2014; Hankin, 1986).
According to Hankin (1986) the most common NaCl concentration in tomato sauce is
1.20%, which is very similar to results obtained for experimentally produced tomato
sauces. Ketchup samples had the highest NaCl which is in agreement with reported
literature data. It can be seen (Table 2) that passata had the lowest NaCl content and
the most similar to data for tomato pulp reported by Naing and Myint (2020), while
tomato sauce had values between 0.86 and 1.05%, which are the most similar to data
reported for tomato sauce reported by Di Cariano et al. (2023).

Physical and thermopysical properties

Results of measured physical properties and predicted thermophysical properties
are given in Table 3 and 4.

Density of experimentally produced tomato sauces ranged between 1039.50 and
1280.00 kg/m® and increased significantly with higher starch concentration. Commercial
passata and ketchup samples had the lowest density. Experimentally produced tomato
sauce with added starch had significantly higher density than other samples.
Considering the literature data (Kumbar et al., 2019; Halva¢ et al., 2019), density of
similar tomato products commonly range between 1056 and 1165 kg/m?® depending on
composition and measuring temperature. The density of starch is about 1500 kg/m?3
(Singh and Heldman, 2009), while density of fresh tomato fruit is 470 kg/m3
(Jahanbakshi et al., 2018). According to Razi et al. (2011) density of raw tomato juice
was 1060 kg/m?® which is the most similar product to tomato passata. Since starch has
a higher density than water (as the main ingredient in tomato sauce) and raw tomato
fruit or juice, obtained results were expected.

Dynamic viscosity in analysed samples had values from 500 mPas (sauce without
starch) to 8150 (commercial tomato concentrate). Addition of starch to experimentally
produced sauces significantly increased sauce viscosity. As it can be seen from Table
3, significantly the highest viscosity was measured in commercial tomato concentrate
(duble concentrated), which could be explained by the highest concentration of total and
soluble solids in tomato concentrate (Table 2). For that reason it can be concluded that
the viscosity of tomato products is more influenced by the content of total solids than
the amount of added starch. The sample of tomato concentrate had the highest
viscosity, thickest consistency, but the lowest spreadability and adhesiveness.
Significantly the highest kinematic viscosity was in tomato concentrate sample and the
lowest in passata, although the lowest dynamic viscosity was noticed in sauce without
added starch (ETS-0). This can be explained by the fact that passata had higher density
than ETS-0.
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Table 3. Measured physical properties of tomato samples

Cizelge 3 Domates orneklerinin olgilebilir fiziksel 6zellikleri

Experimental tomato sauce samples

Commercial tommato samples

Physical Concentrat
ETS-0 ETS-2.5 ETS-4.5 Passata Ketchup

property e

Density 395.00£7.0. 1225+7.07b 1280+2.12a 1017£1.41c  1021+3.54c 1089+£19.8
7d Ob

(kg/m®)

Dynamic 500.00£0..0 13504£70.71c  2200+282.8 1000+£14.14  2300+0.00b 8150+70.7
Oe 4b c 1a

viscosity

(mPas)

Kinematic 1.27+0.02d 1..10£0.06d 1.72+0.22c 0.98+0.01e  2.26+0.01b 7.48+0.07a

viscosity

(mm?/s)

Fluidity 2.004+0.00a 0.74+0.04c 0.46+0.06d 1.00+£0.01b  0.44+0.00d 0.12+0.00e

((Pas)™)

Syneresis 43.62+0.20b  26.55+0.78c  14.54+0.68d 28.4811 .32 0.08+0.02f 3.09+0.01e

(%)

Precipitate 1.294£0.01b 2.77£0.11b 5.88+0.04b 0.74£0.04b  1249.00+471.4  31.41%0.07

) Oa b

ratio

Dispersibilit 23.00t4.24c  37.00+1.41b  38.00+2.83b  33.00+4.24  67.0014.24a 41.00£7.07

c c bc b

y (%)

Adhesivene g.8010.43bc 9.12+0.04bc t1)0.1510.02a 2.6511.350 13.76+£2.07a 4.11+0.23d

ss (%)

Spreadibilit 303.00£21.2 257.20+2.83 200.50+14.8 293.00+7.0 207.22+5.49b 94.50+33.2
1a ab 4b 7a Oc

y

(cm?/100g)

Obtained results were in agreement with literature data. According to literature data,
tomato products commonly have viscosity 202 — 8298 mPas (Anandsynal et al., 2018,
Pandey & Kumar, 2016, Hassan et al., 2019, Kumbar et al., 2019; Nasir et al., 2014,
Razi et al., 2011, Hlavac et al., 2019, Shatta et al., 2017, Youssef, 2009) depending on
product type, composition, solids concentration and temperature. Youssuf (2009)
reported that viscosity of tomato juice increases with increasing of total solids
concentration, while Xu et al. (2018) reported that viscosity of tomato sauce had higher
values in samples with higher soluble solids concentration. According to Baeghbali et
al. (2021) viscosity of experimental produced tomato ketchup rises with increased starch
concentration. Additionally, considering the literature the most similar values to obtained
results were reported by Nasir et al. (2014) and Kumbar et al. (2019) for ketchup (2316
and 2675 mPas). Fluidity ranged between 0.12 and 2.00 (Pas)".

Sample with the lowest viscosity (ETS-0) had significantly the highest fluidity, while
tomato concentrate sample with the lowest dynamic viscosity had significantly the
lowest fluidity. Fluidity of tomato sauce samples decreased with increasing starch
concentration. Ketchup sample and sauce sample with 4.5% of added starch had the
most similar values for dynamic viscosity and fluidity. Higher values of fluidity indicates
better flowability. Hlavac et al. (2019) reported that fluidity of commercial tomato ketchup
samples ranged between 0.18 and 0.28 (Pas) at 20°C. These values are very similar
to results obtained for tomato concentrate samples (Table 3). Results for fluidity of
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commercial ketchup and tomato sauces analyzed in this study had pretty higher values
in comparison to values reported by Hlavac et al. (2019), which can be explained by
lower viscosity values (Table 3) in comparison to viscosity (3500-5250 mPas) reported
by Hlavac et al. (2019).

Syneresis ranged between 0.08 and 58.48%. The lowest value was recorded in
ketchup and concentrate samples, and the highest in passata and ETS-0 (tomato sauce
without starch addition). All differences were significant. From this observation it could
be concluded that total solid content, consistency and addition of stabilizers decrease
the syneresis. Samples with lowest moisture content and lowest viscosity had the
thickest consistency and the highest syneresis. Syneresis decreased significantly in
experimentally produced tomato sauces with increased starch concentration and higher
total solids (Table 2 and 3). As syneresis is defined as the amount of liquid phase
separated from sample, it can be used as an indicator of physical stability of sauces.
Lower syneresis indicates better stability against phase separation. Sample of
commercial tomato ketchup had extremely the lowest syneresis value, which can be
explained by addition of different stabilizers and emulsifiers during industrial production
of ketchup. This is the main reason why these samples had negligible syneres value.
Additionally, low moisture content in ketchup also contributed to the prevention of phase
separation and syneresis in ketchup. Assuming that tomato concentrate don't contain
stabilizers, low value of syneresis in this sample can be explained by low moisture
content and high viscosity (thicker consistency). These results are in agreement with
literature data. According to Baeghbali et al. (2021) higher concentration of starch in
tomato ketchup increased viscosity, decreased syneresis and improved physical
stability of ketchup. Nasir et al. (2014) reported that addition of date pulp in tomato
ketchup increased total solids content, made thicker consistency by increased viscosity,
which resulted in decreased syneresis.

Precipitate ratio was calculated as mass ratio of precipitate and supernatant which
were separated by syneresis during centrifugation. Sample with lowest syneresis had
the highest peripitate ratio. Precipitation ratio ranged between 0.74 and 1249, and all
differences between samples were significant. From presented results (Table 3), it can
be seen that precipitate ratio was influenced by the combination of different factors such
as viscosity (thicker consistency), moisture/total solids content and soluble solids
content. The lowest precipitate ratio was recorded in tomato passata sample, which had
the highest moisture and the lowest soluble solids content Observing the samples of
experimentally produced tomato sauce, it can be observed that with the increase of
soluble solids fraction, precipitate ratio decreased. On the other hand, precipitation ratio
increased with the increase of starch concentration in sauce samples and decreased
soluble solid/total solid ratio. Obtained results are in agreement with literature. Xu et al.
(2018) reported that precipitate ratio in tomato products had values 0.14-0.20, which
could be related to low soluble solids concentration (3.21-4.98°Brix).

Dispersibility increased with increasing starch concentration in tomato sauces and
with increasing of soluble solids, but differences were not significant. Dispersibility
ranged between 23 and 67%. Samples with higher moisture content had lower
dispersibility, which can be explained by the fact that samples with higher moisture
content had lower viscosity. Due to lower viscosity, the resistance of the liquid phase
was lower, and because of this, solid particles settled more easily. Commercial ketchup
samples had the highest dispersibility. This sample was the most stable, had the lowest
syneresis and the highest precipitate ratio. Such results could be explained by taking
into account the fact that commercial/industrial ketchup is produced with addition of
additives (stabilizers and emulsifiers), which prevent its separation. In a similar way, the
pretty high dispersibility of tomato concentrate (41%) could be explained. Considering
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the fact that tomato concentrate does not contain emulsifiers or stabilizers, the pretty
high dispersibility can be related to the high total solids amount, in which the high
content of concentrated tomatoes dominates. It is known that tomato contains high
amounts of pectin which can bind water, has good swelling power, emulsifying and
stabilising properties, which lead to thicker consistency and higher viscosity. High
viscosity of tomato concentrate (8150 mPas) created a great resistance to settling of
solid particles. Because of that tomato concentrate had high dispersibility and
precipitate ratio, but very low syneresis.

Adhesiveness has values between 4.11 and 13.76%, the lowest in tomato
concentrate and the highest in ketchup. Low value also was observed in passata and
tomato sauce without added starch. More liquid and thin consistency of passata and
sauce ETS-0 caused lower ability of those samples to adhere on the wooden stick.
Because of thin liquid consistency and low viscosity (higher fluidity and flowability),
these samples could not adhere properly and stay on the stick. On the other hand, low
adhesiveness of tomato concentrate could be explained by thich but rather incoherent
consistency. Consistency of tomato concentrate was more incoherent (less cohesive)
in comparison to other samples. Higher concentration of starch in experimentally
produced tomato sauces led to higher adhesiveness (similarly as in ketchup), but the
differences between adhesiveness in experimentally sauce samples were not
significant. Algahtani (2020) reported that decreasing soluble solids content slightly
increased adhesiveness in tomato ketchup prepared with addition of date powder.

Spreadability of analysed samples ranged between 94.50 and 300 cm?. Tomato
concentrate had significantly the lowest, while passata and ETS-0 had the highest
spreadability. This characteristics greatly depended on the viscosity and consistency.
Addition of starch and increasing of its concentration resulted in lower spreadability in
experimentally produced sauces. Samples with thicker consistency had lower
spreadability. On the other hand, thicker consistency and lower viscosity resulted in
higher spreadability. Samples with lower viscosity had lower resistance to flow, and
easily spread on the plain surface. Because of that, the spreadability area of such
samples is higher, while the thickness of spreaded layer is lower. It could also be
concluded that lower density increased spreadability. The highest spreadability was
noticed in samples with lowest viscosity and density (ETS-0), while the highest in
concentrated samples with significantly the highest viscosity.

Table 4. Estimated thermophysical properties of tomato samples

Cizelge 4. Domates érneklerini tahmini termofiziksel 6zellikleri

Experimental tomato sauce samples Commercial tommato samples

Physical

ETS-0 ETS-2.5 ETS-4.5 Passata Ketchup Concentrate
property
Freezing -2.51+0.00b - -3.63+0.11c -1.37+0.05a -5.11+0.17d -5.61+0.28e
) 2.93+0.02b
point [°C]
Specific 3.78+0.00b 3.71£0.00b  3.61%0.0c 3.94+0.01a 3.40+0.02d 3.3310.04d
heat
capacity
[kJ/(kgK)]
Thermal 0.530+£0.000a  0.516+0.0 0.494+0.004 0.567+0.002  0.446+0.005  0.430+0.005

o 01b [¢ a d d

conductivit
y [W/(mK)]
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0.356+0.00a 0.113+20.00  0.107+0.00e  0.142+0.00b  0.128+0.00c ~ 0.118+0.00c
d

Thermal
difussion
coeficient

[mm?/s]

Results of thermophysical properties are shown in Table 4, Thermophysical properties
were calculated from moisture or total solids content in analysed samples by using widely
used mathematical models appropriate for similar food samples. It can be seen from Table
2 and 4 that samples with higher moisture content had predicticted higher values of freezing
point, specific heat capacity and thermal conductivity. Thermal diffusion coefficient was
calculated from predicted thermal conductivity coefficient, specific heat capacity and
measured density of samples. Results showed that passata had significantly the highest
predicted values of freezing point, specific heat capacity and thermal conductivity because
of the highest moisture content. Predicted thermal diffusion coefficient was significantly the
highest in the ETS-0 sample, which had high moisture content and the lowest density. On
the other hand the lowest predicted value of thermal diffusion coefficient was ETS-4.5
sample (tomato sauce with starch concentration of 4.5%), which had the highest density.
Higher values of thermal diffusion coefficient indicates faster temperature changes during
product heating or cooling. All thermophysical properties were estimated at room
temperature. Specific heat capacity had predicted values between 3.33 and 3.94 kJ/(kgK)
and thermal conductivity 0.430 — 0.567 W/(mK).

Obtained results are in agreement to literature data for similar products. According to
literature specific heat capacity for similar products have the following values: 4.02 kJ/(kgK)
for fresh tomatoes with 93% of moisture and 3.676 kJ/(kg/K) for tomato concentrate with
81% of moisture. Thermal conductivity of fresh tomatoes was 0.528 W/(mK). Initial freezing
point of fresh tomato with 93% of water content was -0.7 °C. Freezing point of water is 0°C.
Thermal conductivity, specific heat capacity and thermal diffusion coefficient of water at
20°C the following values: 0.599 W/(mK), 4.18 kJ/(kgK) and 1.43 x 107" m?/s (ASHRAE
2006; Singh and Heldman 2009, Toledo 1994). Estimated freezing point for tomato
products (Table 4) calculated by Guegov's model had lower values in comparison to
reported. It should be considered that values reported from literature were related to fresh
tomatoes with higher water content in comparison to analysed samples. It is also important
to mention that Guegov's model is usable for a very huge group of liquid food products with
moisture content between 73 and 96.5%. Two samples (ketchup and concentrate) had
lower moisture content and because of Guegov's model probably is not precise enough for
estimation of concentrate and ketchup freezing point. Results for specific heat capacity and
thermal conductivity were more similar to literature data. Mathematical models used for
prediction of specific heat capacity and thermal conductivity were more suitable for tomato
products than models for freezing point calculation. Thermal conductivity was estimated by
a model reported by Dickerson which is suitable for food products with water content higher
than 50%. All samples had moisture over 50% (Table 2). According to literature, Bowman's
model is evaluated as suitable for thermal conductivity prediction for about 240 kinds of
food products. Lower values obtained for specific heat capacity and thermal conductivity in
comparison to literature could be explained by lower moisture content in samples. ETS-2.5
sample with moisture content of 81.3 had specific heat capacity 3.71 kd/kgK which is a
value very similar to value for tomato concentrate (83% of moisture) reported by literature
(Heldman & Singh, 2006). According to Drusas & Saravacos (1985) thermal conductivity
and thermal diffusion of tomato paste decreased with increasing soluble solids content.
Tomato paste samples with soluble solids between 27 and 44°Brix had thermal conductivity
coefficient between 0.460 and 0.600 W/(mK), while thermal diffusion of sample with the
highest moisture content was 1.42x107 m?/s. Thermal diffusion coeficient of passata
sample was in agreemnt to literture. As it is shown in Table 4, thermal diffusion coefficient
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of analysed samples increased with higher moisture content. Because of that, a passata
sample with 90% of moisture had the highest thermal diffusion coefficient, which was very
similar to thermal diffusion of water (1.42 x 107m?/s vs.1.48 x 10'm?/s).

CONCLUSION

Experimental tomato sauces made with higher starch amounts had lower values of
moisture content, pH value, thicker and more stable consistency, lower syneresis, and
higher values of viscosity and density.Commercial tomato ketchup had the most stable
consistency with negligible syneresis, probably because of added stabilizers and
emulsifiers during commercial ketchup production. Generally, samples with higher total
solids content had higher viscosity, lower fluidity and spreadability, but more stable
consistency due to lower syneresis. Addition of starch to experimental samples increased
the total solids content, viscosity, density, adhesiveness and dispersibility,while decreased
the soluble solids fraction and spreadability. Experimentally produced tomato sauce
samples without starch addition had the most similar physical properties to commercial
passata, while physical properties of sauce with 4.5% of added starch were the most similar
to commercial ketchup. Moisture content in tomato product samples played the most
important role in prediction of thermophysical properties. Mathematical models suitable for
moist liquid and semi liquid food were used for prediction of thermophysical properties.
Estimated thermophysical properties had higher values in samples with higher moisture
content.
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