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ARTICLE
ABSTRACT INEO
Coccidiosis has an economic impact for poultry and livestock industries. The current study examined Received:
the prevalence of Eimeria infections in domestic rabbits in musaib city, North of Karbala province. A 28.05.2024
total of forty-eight faecal samples were taken from several market places located across the city. Accepted:

Individual fresh fecal samples were taken 24 hours prior in containers placed beneath the cages. After 11.12.2024
being collected, the excrement was moistened, placed in plastic bags, kept, and chilled at 4°C until it
was examined. Freshly collected non-sporulated oocysts in each sample were put in Petri dish
have 2.5% (W/V) aqueous solution of potassium dichromate. Every faecal sample was collected
and then sent to a lab for oocyst detection. The identification of an infection was based on the physical
traits. Sporulated oocysts were used to validate the identity of the samples containing Eimeria species,
and they also provided morphological identification under a microscope. The prevalence of the
population with coccidial illnesses was 34 out of 48 which equal for 70.8% . No significant differences
were found between male and female at P>0.05. Thirty-four rabbit infected with Eimeria species were
present and identified from oocyst features. Eimeria stiedae and E. magna were the most prevalent
species (25% and 21%), respectively. The results showed that the prevalence and distribution of
coccidiosis was high among the rabbit population in musaib city, North of Karbala province. In
conclusion, the epidemiological result must be taken into consideration in order to minimize the
economic losses caused by coccidiosis.

Keywords: Eimeria, Rabbits, Prevalence, Iraqg.
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INTRODUCTION

Rabbits are a potential livestock resource that can provide high-quality meat that have more protein and less
fat and cholesterol than other meats. Numerous Eimeria species are the source of the serious diseases known
as rabbit coccidiosis, which costs the rabbit industry a great deal of money. Coccidiosis causes economic losses
due to its negative impact on weight gain, growth, feeding efficiency, and death in weaning rabbits (Scialfa et
al., 2021). Only a small number of the eleven coccidian species that infected domestic and wild rabbits were
linked to actual illnesses (Athanasiou et al., 2023). Eimeriosis is a significant issue in rabbit farming, regardless
of the maintenance approach. The disease influence the animals across all age groups, which lead to reduce
body weight, impaired feed conversion, increased morbidity, and ultimately mortality (Shkromada and
Nedzheria, 2020). Rabbit coccidia infects certain regions of the gut and at varying levels within the mucosa
(Pakandl, 2013). Rabbits serve as a substitute for meat, wool, fur, economic, medical and are also often
maintained as pets and used in research experiments (Utiik et al., 2015; Shkromada and Nedzheria, 2020;
Rabie et al., 2022). Rabbits often suffer from coccidiosis, which is a significant health issue (Bachene et al.,
2018). Generally, rabbits are infected by a range of parasites, including ectoparasites and endoparasites. two
forms of Eimeria spp. could be distinguished the first one is E. stiedae which can be deemed the most causative
agent of hepatic coccidiosis and the second form is Eimeria spp. Which causes the intestinal coccidiosis (Rabie
et al.,2022). Endoparasitosis in rabbits is a frequent occurrence, particularly in domestic breeding
environments. The findings indicated that rabbits bred for reproduction can carry coccidian infections without
reveal any symptoms, and they have the ability to release oocysts at any point during their reproductive cycle.
The morphological properties of coccidia oocyst were important for identifying the Eimeria species (Scialfa
etal., 2021). Eimeria stiedae infects the bile duct, resulting in hepatic coccidiosis in domestic and wild rabbits.
Hepatic coccidiosis, which is caused by the parasite E. stiedae, leads to a significant infection, widespread
outbreaks, and fatalities in juvenile rabbits (Utilk et al.,2015). The identification of Eimeria species has
traditionally relied on the examination of the morphological characteristics of sporulated oocysts (Li et al.,
2016). In the current study, to assess the infection of Eimeria oocysts in fecal samples of domestic rabbits
were analyzed based on unsporulated oocyst morphology traits and sporulated method and considered the first
study in north of Karbala province, Iraq.

MATERIAL AND METHODS

Location

The study was conducted among the rabbit populations in north of Karbala province, Irag, which is located
between the northern latitudes of 32.616667° and eastern longitudes of 44.033332°E.

Fecal samples

Fecal samples were collected randomly from different locations in the studied area and examined for the
presence of oocysts. In these local markets, faecal samples were collected from 48 healthy rabbits. On the other
hand While no consider the age factor was ignored due to the different sources of rabbits. Individual fresh fecal
samples were taken 24 hours prior in containers placed beneath the cages. After being collected, the excrement
was moistened, placed in plastic bags, kept, and chilled at 4°C until it was examined. By collecting, plastic
tubes were used to collect samples. Then transferred directly to the laboratory (Department of Parasitology ,
College of Veterinary Medicine, University of Kerbala, Karbala, Iraq) to analysis. A bout 100 g of fresh faecal
pellets were collected from each animal alone, which considered as one sample. Each faecal sample was
checked for infection then the type of infection was estimated and calculated as single, dual and triple infection.

Parasitological analysis

The prevalence and intensity of coccidial infection were detected by the coprological methods. The disease
was diagnosed by fecal examination, oocyst sporulation. The species were determined based on oocyst
morphology to identify the species composition (Karaer, 2001). Freshly collected non-sporulated oocysts in
each sample were put in Petri dish have 2.5% (W/V) aqueous solution of potassium dichromate (K2Cr207at
24-26°C) with a good aeration (Utiik et al.,2015). When the sporozoites inside the sporocysts were completely
developed, the sporulation time was calculated (Murshed et al., 2023).
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Statistical analysis

The statistical package SPSS was used for data analyses, and a value of P < 0.05 was considered a significant
difference in comparison. No significant by many factors genders, health status, parasitic species distribution
and type of infections.

RESULTS

The result showed that out of the 48 examined rabbits, 34 were positively infected with Eimeria spp. In the
examined rabbits, the total prevalence of Eimeria spp. was 70.8% (34/48), and co-infection with more than
species of the genus Eimeria could be observed in all positive rabbits. Concerning the genders, the prevalence
of Eimeria spp. was 76.7% (23/30) in male rabbits while it was 61.1% (11/18) in female rabbits. Significant
differences were not observed (P >0.05)(Table 1).

Table 1. Prevalence infection of health status and genders.

Gender type
Male Female Total
Non- N 7 7 14
Health status infected % 23.3% 38.9% 29.2%
Infected N 23 1 34
% 76.7% 61.1% 70.8%
Total 30 18 48
X2 1.318 P value 0.251 No sig.

The morphological characteristic of the recovered from the seven different Eimeria species were distributed at
different percentages. High of E. stiedae were (25%), E. magna were (21%), E. perforans were (15%), E.
coecicola and E. exigua were (11%), E. piriformis were (9%), while less prevalence in E. media was (8%)
(Table 2). No significant difference of Eimeria prevalence was confirmed between males and females. Seven
species of Eimeria spp. Among ifected rabbits in Karbala were identified by coprological parasitological
analysis as E. stiedae, E. perforance, E. media, E. coecicola, E. exigua, E. magna and E. piriformis.

Table 2. Prevalence of the percentage of Eimeria species in male and female.

Type of Eimeria species

Genders E.stiedae E.perforance E.media E.coecicola E.exigua E.magna E.piriformis
Male 10 6 2 5 5 6 2
% 28 17 6 14 14 17 6
Female 3 2 2 1 1 5 3
% 18 12 12 6 6 29 18
Total 13 8 4 6 6 11 5
% 25 15 8 11 11 21 9

The total relation type of infection was 55.9%(19/34) in single infection, 32.3%(11/34) in dual infection and
11.7% (4/34) in triple infection. The total infection was (67.7% and 32.3%) in male and female, respectively.
However in single, dual and triple infection were 60.9% (14/23), 21.7% (5/23) and 17.4%(4/23) in male,
respectively. In female's have single, dual and triple infection were 45.4% (5/11), 54.5% (6/11) and 0% (0/11)
respectively. (Table 3).

Table 3. Relation of type infection with genders.

Gender Type of infection
Single % Dual % Triple % Total %
Male 14 60.9 5 21.7 4 17.4 23 67.7
Female 5 454 6 54.5 0 0 11 323
Total of 19 55.9 11 323 4 11.7 34
infected
animals

The oocysts of 7 Eimeria species collected from the domestic rabbits in the present study are illustrated in Figs. 1-2.
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Figure 1. Distribution of the percentage of Eimeria species.

Figure 2: From left the above photo unsporulated and the under photo sporulated. The name from left, E.
exigua, E. magna, E. coecicola, E. perforans

DISCUSSION

Eimeria spp. is one of the most protozoal parasites that has an important economi issue in the rabbit industries
and production, which cause a disease called coccidiosis (Basiaga et al.,2020). Rabbit coccidiosis is a common
important disease caused by different intestinal and non-intestinal Eimeria species (Yuan et al., 2022). In the
current study, carpological examination was used for the detection of the presence of Eimeria spp. Preparation
of slides and sporulation of oocyst are the main steps of the test and basically the diagnosis is depend on the
morphological features (Yin et al.,2016; Hamid et al.,2019; Temim et al., 2019; Al-Sadi and Al-Khafaji, 2000;
Pilarczyk et al.,2020; Gokpinar et al.,2023) they were used sporulation and identification according to
morphological characteristic in 2.5% potassium dichromate.

Importantly the results of this study showed that the prevalence of Eimeria spp., infection in domestic rabbits
in musaib area, North of Karbala province was70.8% (34/48) of the total tested samples. Thus, the high rates
could be due to live with infected animal at the same cage, or less using of treatment drugs, stress factors and
contaminated food. Our findings agree with the pervious published evidence include Yin et al., (2016) who
recorded high prevalence of coccidial infection in rabbits (10-90%) in Sichuan Province, southwest China.
Additional study from Indonesia has found that the prevalence rate was 70.3% (527/750) from fecal samples
(Hamid et al.,2019). The obtained result was in line with (Elhendy et al.,2018), was 84% (42/50) in Assiut,
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Egypt. While other studies were showed high prevalences as (Basiaga et al.,2020), was 100% in Poland and
Ukraine, (Nicollas et al.,2022), in the Philippines,100%. In contrast, lower prevalence rates of infections were
reported with different seasons of the year ranged from 42—15% in autumn-winter period, and 19-6% in spring-
summer (Shkromada and Nedzheria,2020). (Temim et al., 2019 was 47.6% in North of Algeria), (Rabie et
al.,2022 was 50% in Egypt) and (Gokpinar et al.,2023, was 37.3% in Ankara and Kirikkale provinces, Turkey).
moreover, most of the previous reports in Irag were showed various prevalence rates such as (Al-Sadi and Al-
Khafaji, 2000, was17% in Nenevah,). (Sulaiman,2005, was 57.14%, in Mosul). (Al-Moula,2005 was 76. 6%
in Mosul), (Khider et al., 2015, was 72.5%, in Baghdad) ,(Faraj, 2017, was 19% in Baghdad), and (Marhoon
et al.,2018, was 61.82% in Al-Diwaniyah).

This difference in prevalence was showed to be associated with the variation in environmental factors
geographical area such as the temperature, sporulation of oocysts, increase humidity, the use of
chemoprophylaxis, ground breeding systems, kinds of feeding and number of samples were examined (Rabie
et al.,2022). Thus, the practicality of detecting Eimeria infection in small rabbit farms is in the assessment of
unsporulated oocyst shape, which aids in the control and prevention of rabbit Eimeria infections (Li et
al.,2016).

From our finding , the prevalence of Eimeria spp. was 76.7% (23/30) in male rabbits while it was 61.1%
(12/18) in female rabbits. P value non-significant (Table 1). these results were consistant with Khider et al.
(2015) and Heker et al. (2017) who found no significant effects on the prevalence of Eimeria between male
and female and Eimeria species. Also in accordance with the present results Pilarczyk et al., (2020) showed
no significant variation between male and female in the extensity of Eimeria infection. Similarly, the earlier
reports of Al-Moula,(2005) who showed that the prevalence rate of infection in Mosul was 23/30 (76.6%) in
domestic rabbits and mixed infection was more frequent with no significant variation between genders . Other
reports were confirmed hepatic coccidiosis infection in ten hindered from rabbits (Oryctolagus cuniculus) from
Baghdad city. The total infection rate was 19%, with no significant difference at the level of (P>0.01) (Faraj,
2017). The difference species distribution with clinical or without clinical signs may be increase probability
of infection in animals. The findings indicate that local rabbits are asymptomatic and carriers of coccidian
parasites and can shed oocysts all the time throughout the reproductive cycle (Scialfa et al.,2021). The oocyst
stage of Eimeria spp. found ubiquitously in the environment and increases the risk of disease dissemination
(Hamid et al.,2019).

Many of studies have been recorded about distribution of Eimeria species with different prevalences. In the
current study, seven Eimeria species were identified include E. stiedae were (25%) the highest prevalence
among the spp., followed by E. magna were (21%), E. perforans were (15%), E. coecicola and E. exigua were
(11%), E. piriformis were (9%), and the lower prevalence was seen with E. media was (8%). Which is
consistent with (Yin et al.,2016) who reported co- infection in Sichuan Province, southwest China 9 species
of Eimeria were confirmed from positive samples. Eimeria perforans was the most prevalent species (42.73
%), Eimiera media(35.45%), E. irresidua (34.55%), E. magna(31.82%), E. intestinalis(23.64%), E. coecicola
(8%), E. piriformis and E. flavescens (6.36%). Other study was agreed with this study in Banyumas Regency,
Indonesia. The prevalence 90.11% from 475 rabbits and were E. exigua, E. perforans, E. flavescens, E.
intestinalis, E. stiedae, E. vejdovskyi and E. caecicola. They were showed that gender did not have a significant
relationship (P> 0.05) (Indrasanti et al.,2020). While in Poland seven species were reported from 91 rabbits:
E. magna, E. media, E. perforans, E. stiedae, E. coecicola, E. exigua, and E. irresidua. From this infection
demonstrated a significantly higher infection was E. magna (Pilarczyk et al.,2020).

Ten species of Eimeria spp. were confirmed in Yogyakarta, Indonesia. Eimeria flavescens was 80%, E.
coeciola was 78%, E. perforans was 61%, E. exigua was 37%, E. media was 33%, E. stiedae was 31%, E.
irresidua was 12%, E. magna was 11%, E. intestinalis was 10%, and E. piriformis was 10% (Hamid et
al.,2019). Co-infection with more than species of the genus Eimeria could be observed in all positive rabbits.
In rabbits concurrent infections are common and generally, and can infect more than one species of Eimeria
targeting both the liver and intestine (Murshed et al., 2023). Many factors could influence the prevalence of
coccidial infections which include protozoan species, size of samples, strain of animal, test type of diagnosis,
geographical regions and mixing of infected with non-infected at the same cage. (Gokpinar et al.,2022) was
found the prevalence of infection from the cages with two or more rabbits (88.1%), higher than the prevalence
from the cages with a single rabbit (12.1%).
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The total infection was 55.9%(19/34) in single infection, 32.3%(11/34) in dual infection and 11.7% (4/34) in
triple infection. The total infection was (67.7% and 32.3%) in male and female respectively. While single
infection more prevalent from the dual and triple. (Table 4). Single infection means that animals are infected
at least with one species. the current findings agree with the results of the previous published reports in Iraq
and other countries, significant differences were reported between single and mixed infection, with infection
in (two-seven) Eimeria species was detected infection in Sichuan Province, southwest China (Yin et al.,2016).

It has been reported that out of of 750 samples with 2-6 species from examined samples. E. flavescens and E.
coeciola were the major infection among Eimeria spp. (p<0.0001). Eimeria spp. is identified in high infection
with commonly mixed infections. Triple infection is more than one and dual infections (Hamid et al.,2019).Ten
species are identified from 102 feces samples using Fuelleborn’s flotation technique, and arrange prevalence
of infection from the maximum to lower E. perforans, and E. media, E. magna, E. exigua, E. coecicola, E.
intestinalis, E. piriformis, E. flavescens, E. stiedae ve E. irresidua (Gokpinar et al.,2023). Other study was
confirmed ten species in Assiut, Egypt by parasitological examination. Overall prevalence were E. perforans
(66.7%), E. exigua (26.2%), E. media (26.2%), E. magna (21.4%), E. intestinalis (19%), E. coecicola (19%),
E. irresidua (19%), E. piriformis (14.3%), E. flavescens (7.1%) and E. stiedae (7.1%). (Elhendy et al.,2018).
In the same examined samples more than one species of Eimeria oocyst was detected. E. magna; E.
flavescens; E. exigua; E. stiedae and E. coecicola, Single-infection 13/90 (14.4%), dual-infection 39/90
(43.3%) and triple-infection 38/90 (42.2%) from Riyadh City, Al Kharj and ADilam in Saudi Arabia (Murshed
et al., 2023).

While Khider et al., (2015) was recorded (72.5%, 58/80) with highly infection E. perforans was (31.25%), E.
piriformis 27.5%, E. irresidua 11.25%, E. media 17.5%, E. flavescens 28.75%, E. coecicola 13.75%, E. exigua
18.75%, E. intestinalis 23.75%, E. magna 28.75% and E. stiedae 17.5%. The study conducted by Elhendy et
al. (2018) revealed that 23.8% of the infected rabbits had a single infection of Eimeria spp., whereas 76.2% of
the rabbits had mixed infections including two, three, or four Eimeria spp. The prevalence of mixed infection
was equally distributed among males and females, with no statistically significant differences seen (Khider et
al., 2015). The prevalence of Eimeria infections in domestic rabbits, was 47.6% (197/414) from 414 faecal
samples were collected from 50 farms in six regions in Medea province, North of Algeria. Eleven rabbit
Eimeria’s species were present and identified from oocyst positive samples. Eimeria magna and E. media were
the most prevalent species (47.6% and 47.3%) (Temim et al., 2019). In Irag, many reports were summarized,
using standard diagnostic laboratory test of naturally occurring infection of (300) rabbits reared in Nenevah
Province, Iraqg, were investigated (17%). Coccidial infection were included E. stiedae, E. magna, E. perforans,
E. media, E. intestinalis and E. irresidua (Al-Sadi and Al-Khafaji, 2000). In the same region was reported in
Mosul, eleven species were: E. exigua 38.57% , E. perforans 32.85%, E. nagpurensis 25.71%, E. elongata
17.14%, E.stiedae 15.71%, E. media 14.28%, E. coecicola 14.28%, E. irresidua 10%, E. matsubayashii 8.57%,
E. magna 5.71% and E. intestinalis 5.71%, with total infection 57.14%. Triple infection and more was most
common in rabbits was 67.5% (Sulaiman,2005). The important role of rabbits in the dissemination of
protozoan and transferring the disease to both humans and animals. The higher prevalence also observed
among the wild rabbits O. cuniculus in Al-Diwaniyah province/lraq, 41/55 (74.55%) were infected with eight
different types of external and internal parasites (Marhoon et al.,2018).

CONCLUSION

In conclusion, the current study revealed seven species were infected of local rabbit and this consider the first
report of intestinal coccidiosis in Karbala province, Irag. The prevalence of rabbit coccidial infection is high.
Knowledge and evaluate of current prevalence of coccidiosis will benefit to plan of control programs to
minimize the economic losses.
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ARTICLE
ABSTRACT INEO
Lipidosis is generally defined as the accumulation of triglycerides in limited droplets within the Received:
cytoplasm of parenchymal cells. Lipidosis occurs due to toxic, chemical, infectious, and metabolic 23.10 202'4
causes. This study aimed to reveal the local 8-hydroxy-2'-deoxyguanosine (8-OHdG) and 4- A(I:ce. ted:
hydroxynonenal (4-HNE) expressions immunohistochemically according to the severity of the disease 09 12p202.4

in sheep with hepatic lipidosis. The study material consisted of a total of 30 male sheep livers,
including 6 healthy and 24 with hepatic lipidosis. After the liver samples were fixed in 10%
formaldehyde solution, they underwent routine tissue processing to obtain paraffin blocks. Sections
taken from the paraffin blocks were then subjected to Hematoxylin-Eosin (H-E) and
immunohistochemical staining. Microscopically, control group liver samples showed normal
histology. In livers with hepatic lipidosis, sharp-edged vacuoles of various sizes were detected in
hepatocytes, and cell nuclei were pushed to the periphery. Additionally, focal hemorrhage and
congestion, inflammatory cell infiltration in the portal area, bile duct proliferation, and connective
tissue cells were observed. Microscopically, hepatic lipidosis cases were divided into two groups as
moderate and severe based on the distribution of vacuoles in the section. In the immunohistochemical
examination, 8-OHdG and 4-HNE expressions significantly increased in hepatic lipidosis cases
compared to the control group (p<0.001). More intense immunoreactivity was detected especially in
cases where disease severity increased (p<0.001). These results indicate that 8-OHdG and 4-HNE
proteins play an important role in the pathogenesis of hepatic lipidosis and may be effective in
increasing the severity of the disease.
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INTRODUCTION

Lipidosis is generally defined as the accumulation of triglycerides in limited droplets within the cytoplasm of
parenchymal cells. Lipidosis occurs due to toxic, chemical, infectious, and metabolic causes (Erer et al.,
2009; Jubb et al., 2012). Additionally, hypoxia, feeding with diets deficient in choline, ketosis, and abnormal
pancreatic secretions constitute other causes. The two main factors known in the pathogenesis of lipidosis are
the transport of lipids to the affected cell in amounts greater than it can metabolize and issues related to the
synthesis of proteins and lipoproteins necessary for lipid transport. Lipidosis can frequently be observed
primarily in the liver, as well as in the kidney and heart (Boden, 1997; Anderson and Borlak, 2008; Erer et
al., 2009; Jubb et al., 2012).

Macroscopically, hepatic lipidosis presents with liver enlargement, blunting of edges, and a bulging cut
surface, varying according to the severity of fatty change. The liver appears pale and yellowish in color.
Microscopically, sharp-edged vacuoles of various sizes are observed in hepatocytes, and the cell nucleus is
pushed to the periphery (Johnson et al., 1999; Erer et al., 2009; Jubb et al., 2012; Yeh and Brunt, 2014).
Small droplet fatty change is seen in acute metabolic diseases, while large droplet fatty change is observed in
toxic and some viral diseases. Hepatic steatosis can be diffuse or local based on its distribution.
Centrilobular, peripheral, intermediate, and panlobular fatty changes are forms of diffuse fatty change (Jubb
etal., 2012; Yeh and Brunt, 2014).

Hepatic lipidosis is defined as one of the significant metabolic disorders in animals that develops as a result
of the abnormal presence of glucogenic and lipogenic products in the liver. It has been better described in
large ruminants (Goff and Horst, 1997; Johnson et al., 1999; Al-Habsi et al., 2007). In large ruminants, it is
associated with decreased feed intake, lactation, environmental cold, fetal growth, and negative energy
balance caused by disease. Pregnancy toxemia, vitamin E deficiency, cobalt deficiency, toxication, and
negative energy balance constitute important findings of hepatic steatosis in sheep (Ulvund, 1990, Johnson et
al., 1999; Menzies et al., 2004; Al-Habsi et al., 2007). Furthermore, cobalt deficiency in sheep has been
described to cause fatty hepatic degeneration, known as ovine white liver disease. It has been reported that
hepatic lipidosis in sheep not only causes liver failure but also results in death in advanced stages (Johnson et
al., 1999; Ulvund, 1990).

This study aims to demonstrate the 8-hydroxy-2'-deoxyguanosine (8-OHdG) and 4-hydroxynonenal (4-HNE)
protein expressions according to the severity of hepatic lipidosis in sheep with hepatic lipidosis using the
local immunohistochemical method.

MATERIAL AND METHODS
Animal material

The material for the study consisted of 24 sheep liver (Merino, Male, 6-24 months) samples that were
positive for hepatic lipidosis, collected from different farms in Sivas and Yozgat provinces. Additionally, 6
healthy sheep (Merino, Male, 12-18 months) liver tissues were obtained from a nearby slaughterhouse.

Histopathological and Immunohistochemical evaluation

Liver samples were fixed in 10% neutral formaldehyde solution for 24-48 hours. Subsequently, paraffin
blocks were obtained through routine processing, passing through alcohol and xylol series. Sections were
taken from paraffin blocks onto slides, stained with Hematoxylin-Eosin (H-E), and examined under light
microscopy (Akcakavak et al., 2024). Histopathological evaluation was performed semi-quantitatively by a
blinded pathologist based on the presence of vacuoles in hepatocytes. Accordingly, vacuoles less than 50%
were evaluated as mild (1), between 51% and 75% as moderate (2), and more than 75% as severe (3)
(Johnson et al., 2004).

Immunohistochemical staining was performed using a commercial kit according to previously reported
studies (Akcakavak et al., 2023; Kazak et al., 2024). 8-OHdG (Santa Cruz Biotechnology, sc-393871, 1/200
dilution, 1 hour incubation) and 4-HNE (Abcam, ab46545, 1/200 dilution, 1 hour incubation) antibodies
were used as primary antibodies. 3,3 diaminobenzidine (DAB) was used as a chromogen, and after
counterstaining with Mayer's hematoxylin, it was examined under a light microscope. Immunohistochemical
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scoring was performed semi-quantitatively (0; none, 1; mild staining, 2; moderate staining, 3; severe
staining, 4; very severe staining) (Kazak et al., 2024).

Statistical Analysis

Immunohistochemical findings obtained in the study were evaluated using One-way ANOVA and Duncan's
test (SPSS, Inc., Chicago, USA 25.0) as post-hoc tests. The significance level was set at p<0.05.

RESULTS
Macroscopic Findings

Control group livers were found to have normal appearance and contour. In livers with hepatic lipidosis,
enlargement in size, fragility, blunting of edges, and paleness in color were detected. Cut surfaces had a
swollen appearance, and paleness was prominent throughout the parenchyma. Petechial hemorrhages were
detected on the liver serosa in 2 cases (Figure 1). Additionally, parasite cysts were observed in 3 different
cases in the liver, and parasite migration paths were seen in the liver parenchyma in 2 different cases.

Figure 1. Macroscopic appearance of pale livers from different sheep.

Microscopic Findings

Control group liver tissues showed normal histology. In liver samples with hepatic lipidosis, sharp-edged,
variously sized vacuoles were detected in hepatocytes, and cell nuclei were pushed to the periphery.
Hepatocyte nuclei occasionally showed necrotic changes. Additionally, focal hemorrhage and congestion,
inflammatory cell infiltration in the portal area, bile duct proliferation, and connective tissue cells were
detected (Figure 2). Moreover, fibrosis foci were found in 6 severe (score 3) cases. In the histopathological
evaluation, 7 cases were found to be moderate (score 2) and 17 cases were severe (score 3).

The immunohistochemical statistical scores between the groups are given in Table 1.
Immunohistochemically, no 8-OHdG immunopositivity was observed in control group livers. However, 4-
HNE immunoreactivity was very mild and/or absent. In livers with hepatic lipidosis, 8-OHdG and 4-HNE
expressions were found to be significantly increased (Figure 3). Immunoreactivity in related primers (8-
OHdG and 4-HNE) showed cytoplasmic localization. Especially in severe cases (score 3), 8-OHdG and 4-
HNE immunoreactivity was more intense and widespread compared to moderate cases (score 2) (p<0.001).

Table 1. Immunohistochemical statistical scores of healthy and hepatic lipidosis livers (Mean+SE).

Primers Control Moderate (score 2) Severe (score 3)
(n;6) (n;7) (n;17)

8-OHdG 0.00+0.00¢ 1.28+0.19° 2.33+0.28?

4-HNE 0.33+0.21° 1.57+0.20P 2.55+0.17°

aC Letters in the same row indicate statistical significance (p<0.001). (8-OHdG; 8-hydroxy-2'-
deoxyguanosine, 4-HNE; 4-hydroxynonenal)
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Figure 2. Microscopic appearance of healthy and hepatic lipidosis livers, Hematoxylin-Eosin (H-E), x100.
A. Normal histological appearance of control group liver. B-C. Appearance of liver samples with moderate
diffuse (score 2) vacuoles. D. Appearance of liver samples with severe diffuse (score 3) vacuoles.
(vacuole appearance (arrows), inflammatory cell infiltration (arrowheads), congestion (asteriks)

Figure 3. Microscopic appearance of healthy and hepatic lipidosis livers, immunohistochemical staining
(DAB). (A; Control group, B; Liver with moderate diffuse (score 2) vacuoles, C; Liver with severe diffuse
(score 3) vacuoles, 4-HNE; 4-Hydroxynonenal, 8-OHdG; 8-hydroxy-2'-deoxyguanosine).
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DISCUSSION

The liver is known as the body's largest metabolic center. It has important functions such as storage and
control of carbohydrate metabolism, synthesis of plasma proteins, detoxification of various drugs and toxins,
urea production, and fat metabolism. As the liver is the main organ of fat metabolism, hepatic lipidosis
condition is frequently encountered. It is also constantly exposed to toxic, chemical, and infectious effects
(Thapa and Walia, 2007; Erer et al., 2009). Studies in cattle report that liver fatty cases are encountered at
rates of 4-13% (Oruc, 2009; Altun and Saglam, 2014). However, it is stated that the incidence of liver fatty
in sheep is lower and is associated with an extensive feeding style. G6ziin and Kiran (1999), reported that
they detected fatty cases at a rate of 0.38% in 1561 sheep livers with lesions. In addition to the limited
number of studies on ovine hepatic lipidosis cases in the literature review, research is more focused on
pregnancy toxemia (Igbal et al., 2022; Ji et al., 2023). In the current study, 8-OHdG and 4-HNE protein
expressions were determined immunohistochemically according to the severity and prevalence of steatosis in
male sheep with hepatic lipidosis.

In cases of hepatic lipidosis in small ruminants, macroscopically, enlargement, brittle structure and pale color
of the liver are reported. Histopathologically, sharp-edged fat vacuoles in hepatocytes, inflammatory cell
infiltration in the portal area, bile duct proliferation, and fibrosis are reported (Ulvund, 1990, El-Khodery et
al., 1994; Johnson et al., 1999; Al-Habsi et al., 2007). The macroscopic and microscopic findings observed in
the present study, especially in severe cases (score 3), exhibited similar findings to the literature. In addition,
the detection of occasional fibrosis foci in 6 severe (score 3) cases indicates an advanced state of the disease.
Moreover, macroscopic findings related to parasite infestation were found in 5 cases.

8-OHdG is defined as a marker of oxidative DNA damage caused by reactive oxygen species. 8-OHdG is
produced from guanine in DNA bases through oxidative stress. 8-OHdG is an important marker that plays a
role in the pathogenesis of inflammatory, diabetic, and autoimmune diseases and malignancies (Miyamoto et
al., 2011; Varghese et al., 2020). Miyamoto et al. (2011) reported in their study investigating the relationship
between metabolic risk factors and oxidative stress in humans that hypertriglyceridemia may be associated
with hyperoxidative stress evaluated by 8-OHdG. It is also stated that hypertriglyceridemia can stimulate
ROS production and impair the antioxidant defense system (Hiramatsu et al., 1991; Araujo et al., 1995).
Additionally, different human studies report that oxidative stress markers such as 8-OHdG and 4-HNE are
found in high concentrations in non-alcoholic fatty liver disease (NAFLD). Furthermore, NAFLD is
characterized by increased microsomal fatty acid oxidation, which is associated with greater ROS production
(Seki et al., 2002; Sumida et al., 2021). Dincel et al. (2018) reported in their study on streptozotocin-induced
type-1 diabetic rats that 8-OHdG expressions significantly increased in the diabetic group compared to the
control group, and oxidative DNA damage plays important roles in diabetes-related liver degenerations. In
the present study, 8-OHdG expressions were evaluated in hepatic lipidosis in sheep, and it was found that 8-
OHdG immunoreactivity increased as the severity of the disease in the liver increased. Previous studies have
reported that oxidative stress is upregulated in hepatic lipidosis cases (Yoshino et al., 1992 ; Webb and
Twedt, 2008; Elshafey et al., 2023). This suggests that oxidative stress-induced oxidative DNA damage may
play an important role in the disease process in hepatic lipidosis in sheep.

In conditions of increased metabolic disorder and inflammation, ROS production may exceed the cell's
antioxidant capacity. The resulting free radicals can react with various amino acids and lipids (Herndon et
al., 2014). Another oxidative reaction caused by excessive ROS levels is lipid peroxidation. 4-HNE is known
as the cytotoxic end product of lipid peroxidation (Yang et al., 2003; Ayala et al., 2014). Lipid peroxidation
is thought to play a role in the progression of many diseases, particularly those characterized by lipid
accumulation such as NAFLD. In a study conducted by Fu et al. (2022), it was reported that an n-6 PUFA
diet had a negative effect on alcohol-induced liver damage and steatosis, and they suggested that this might
be related to the upregulation of 4-HNE. In the present study, the highest 4-HNE immunoreactivity was
found in severe (group 3) cases, and this indicates that lipid peroxidation may play important roles in the
progression of the disease in the pathogenesis of hepatic lipidosis in sheep.

CONCLUSION

In conclusion, in the current study, local expressions of 8-OHdG and 4-HNE were evaluated
immunohistochemically in sheep with hepatic lipidosis. The present results show that 8-OHdG and 4-HNE
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proteins play an important role in the pathogenesis of the disease and may play an active role in increasing
the severity of the disease.
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ABSTRACT
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Boron is an essential element in relation to underground resources, with Turkey possessing 73.5 per cent
of the global boron reserves. Its prevalence in the field of industry has made it the subject of research in
the field of health in recent years. There is a very thin boundary between deficiency and toxicity. Its
mechanisms in living organisms are not fully understood, therefore, sufficient and complete and
consistent data on human and ecosystem health and its place and dose in these areas have not been
reached, and data are needed to maintain and increase its importance and necessity in these areas. The
amount and duration of boron exposure may increase in boron fields. This is because boron can be found
inair, soil and water. This study investigates the changes in boron levels in living organisms as a function
of the distance of boron exposure. Statistically significant differences in serum boron, urea, creatinine
and BUN levels were observed between different locations. In parallel, statistically significant
differences were also observed between some haemogram parameters. The data obtained are valuable
with regard to the possible interaction between boron exposure distance and serum boron levels.
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INTRODUCTION

Boron (B), a chemical element that has been known to the scientific community for centuries, was first
discovered in the year 1808. It is positioned in Group 13 of the periodic table and is represented by the chemical
symbol B. Boron is classified as a semi-metal and has an atomic number of 5. It can exist in either a crystalline
or amorphous state and is known to exhibit different colours. Boron possesses a distinctive set of chemical
properties, leading to its characterisation as one of the most intriguing and complex elements after carbon
(Balonos et al., 2004; Kuru and Yarat, 2017). Despite its relative scarcity when compared with hydrogen,
carbon, nitrogen or oxygen, boron is ubiquitous in the environment, naturally occurring in rocks, soil and
water. Concentrations of boron have been reported in soil ranging from 5-150 mg/kg, in seawater from 0.5-9.6
mg/kg, and in air from 0.5-800 ng/m3. It is the 51st most abundant element in the Earth's crust, with an average
concentration of 8 mg/kg (approximately 0.0008%).The combination of its metal and nonmetal properties, in
conjunction with its high affinity for oxygen, enables it to form diverse compounds.Boron compounds, of
which there are more than 250 types, find primary application in industrial domains such as glass production
and fiberglass. Furthermore, some of these compounds have found application in the cleaning sector, for
example as antiseptics and in soap. In addition to these uses, they have been employed as herbicides and
fertilisers in agriculture, and in recent years they have often been the subject of medical research (Uluisik et
al., 2018; Ince et al., 2019).

Its pharmacokinetics have been investigated in both humans and animals. Boron, known to be frequently
exposed orally, is absorbed from the gastrointestinal tract. It diffuses rapidly into the body by passive diffusion
and has a half-life of approximately 24 hours. Excretion is largely through the kidneys by glomerular filtration.
It has been reported to accumulate in certain organs such as the brain, bone, testes and liver until excreted
(Oglakci-ilhan et al., 2023; Onder et al., 2023). The biochemical mechanism for boron, which is found in low
amounts in human and animal tissues, is still unknown. However, it has been reported to play an active role in
metabolic and physiological functions, tissue regeneration, anti-inflammatory and antioxidant. In addition, it
acts as a co-factor for enzymes in bone mineralization and wound healing (Kucukkurt et al., 2023; Abdelnour
et al., 2018). Furthermore, boron neutron capture therapy (BNCT), which was initially employed in human
patients to treat head and neck cancer, is currently being evaluated in animal models of cancer. This is a notable
development given the increasing prevalence of cancer, which can be attributed in part to the advancements
witnessed in the field of veterinary science (Pizzorno, 2015; Kusaka et al., 2022).

Boron is a trace element that is present in the diet of many organisms. The recommended daily intake of boron
for humans is approximately 0.5-1 mg. However, as with all elements, boron can have adverse effects on living
organisms. The nature of these effects can vary depending on the concentration, duration and variety of
exposure. It is therefore important to understand the risk/benefit balance associated with boron use and
exposure, and to assess the potential health effects of boron intake from diet and drinking water. This has
reportedly become a critical component of risk assessment in recent years. Toxicity has been reported to occur
at elevated boron levels. For this reason, the World Health Organization (WHO) published in 2011 that
drinking water should contain 2.4 ppm boron. The amount of boron that should be taken daily because of
nutrition has been reported as 2 mg (Ince et al., 2016; Wang et al., 2018; Nielsen and Eckhert, 2020).
Moreover, boric acid is categorised by the European Union as a "Category 1B" compound. This designation
signifies that the substance belongs to a group of compounds that have the potential to compromise fertility
(Kan and Kucukkurt, 2023; Bolt et al., 2020). Excess boron has been shown to be hazardous when administered
in excess. The possible adverse effects include nausea, vomiting, diarrhoea and abdominal pain. Furthermore,
symptoms such as seizures, irritability, and oedema have been documented. It is noteworthy that the lethality
of a single dose is very low, since the excess is excreted in the urine (Devirian and Volpe, 2003). The known
side effects of boron are few and far between. Nevertheless, the findings of recent research have served to
underscore the significance of this issue.

Urea is a product of protein metabolism and is considered to be one of the quality indicators of the filtration
process of the kidney, with BUN (blood urea nitrogen) being another such indicator. Creatine, a by-product of
muscle metabolism, has been shown to be related to muscle mass and kidney function in living organisms.
Hematologic parameters are of great importance in the detection of disease and metabolic disorders, and they
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are also used to monitor the side effects of drugs and drug-like substances. Routinely measured parameters are
also useful in explaining changes in mechanisms involved in physiological events.

In the light of all the information given in the literature, in this study, it was thought that blood boron levels,
some biochemical and hematological parameters would differ in sheep raised in regions where boron exposure
is thought to be at different levels. For this hypothesis, 2 different regions were determined as close and far
from the boron mine site. It was aimed to measure blood boron levels, hematological parameters, urea, creatine,
BUN by taking blood from sheep living in these regions.

MATERIALS AND METHODS

Animals and Sample Collection

Two locations were determined for the hypothesis. The first study location was the Bigadic district, where a
boron mine is located. The second location was the centre of Balikesir province. Blood was taken from a total
of 20 sheep. The sheep were checked for pregnancy and general health status. The neck area was shaved and
two tubes were taken from the vena jugularis. One tube was used to obtain whole blood (for haemogram) and
the other tube was used to obtain serum (for urea, creatine, BUN and boron concentration).

Biochemical and Hematological Analysis

The collected whole blood samples were kept in cold chain and analyzed within 2 hours and without
clotting/disintegration. Blood tubes were carefully placed in the VETMAC VH30 Hemogram Device to obtain
information on WBC, LYM#, MID#, GRAN#, LYM%, MID%, GRAN%, NLR, PLR, RBC, HGB, HCT,
MCV, MCH, MCHC, RDW-CV, RDW-SD, PLT, MPV, PDW-CV, PDW-SD, PCT, P-LCC, P-LCR
parameters.

After the other blood tubes were collected from the animals, they were transported in cold chain and serum
was separated by centrifugation at 4000 rpm for 5 minutes (ISOLAB). Serum samples were collected in
double-redundant 2 ml ependorfs and stored at -18°C until analysis. Serum samples for urea, creatine and BUN
analysis were delivered to BALLAB without breaking the cold chain. These analyzes were performed as a
service procurement and the results were obtained (ERBA, XL 2000).

Boron Analysis

Serum samples for determination of boron concentration were thawed at +4. Then the sample volume was
determined and taken into the container and nitric acid and hydrogen peroxide were added according to the
method. It was left to heat under a fume hood, taking care not to boil. The samples purified from organic
substances were then taken into a balloon jug and the volume was completed to 10 ml by adding ultrapure
water. The prepared samples were analyzed in ICP-OES device at Balikesir University Science and
Technology Application and Research Center (Perkin-Elmer OPTIMA7300) (Tokay and Bagdat, 2022a ve
2022b).

Statistical Analysis

In the study, Kolmogorov-Smirnov test was applied for normality assumptions. Independent t-test, one of the
parametric tests, was applied to determine whether there was a significant difference between the groups. The
data obtained were analysed using SPSS 25.0 (IBM Corp., Armonk, NY, USA). In case of a significant
difference between the groups, post-Hoc test was used to determine between which groups there was a
significant difference. p<0.05 was considered statistically significant.

RESULTS

Blood samples taken from sheep in the Centre group and Bigadic group selected from the region close to the
boron mine site were analyzed. The proximity to the mine site was determined by the high boron levels in the
Bigadi¢ group. The statistically significant difference between the groups is shown (Figure 1).
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Figure 1. Serum boron levels (mg/L) of the animals in the Centre and Bigadi¢ groups.

Urea, creatine and BUN were measured in the sera obtained from the blood collected from the Bigadig group

and the Centre group. Significant differences in these parameters were determined statistically and are shown
below (Figure 2).
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Figure 2. Serum urea, BUN and creatinine levels (mg/L) of the animals in the Centre and Bigadig groups.

Whole blood samples taken from the sheep were analyzed considering the time period. There were no
differences between the groups in most of the parameters, but GRAN%, NLR, RDW-CV, PLT and MPV
values showed statistically significant differences. All parameters are shown in the table (Table 1).
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Table 1. Blood parameters of the animals in the Centre and Bigadic groups.

Bigadic Centre
Mean+SD Min-Max MeanzSD Min-Max P
WBC (1079/L) 32.90+4.64 15.69-58.88 28.96+4.32 9.46-49.32 0.542
LYM# (1079/L) 21.01+2.41 12.00-36.18 17.12+2.53 5.90-30.09 0.281
MID# (1079/L) 6.36+1.23 1.29-12.33 4.41+0.84 1.22-9.22 0.209
GRAN# (10M9/L) 6.98+1.17 2.01-14.19 7.43+1.08 2.34-13.26 0.784
LYM% (%) 0.64+0.02 0.56-0.78 0.59+0.01 0.54-0.66 0.076
MID% (%) 0.14+0.01 0.08-0.21 0.14+0.01 0.11-0.18 0.970
GRAN% (%) 0.20+0.01 0.08-0.26 0.26+0.01 0.18-0.31 0.014*
NLR 0.32+0.03 0.11-0.45 0.44+0.03 0.28-0.58 0.022*
PLR 28.84+4.21 16.13-52.08 32.93+6.42 14.97-67.80 0.602
RBC (10™M12/L) 10.72+0.34 9.60-12.85 9.75+0.38 8.17-11.37 0.079
HGB (g/L) 104.6+3.58 92-128 97.40+£3.81 80-114 0.185
HCT 0.36+0.01 0.31-0.43 0.33+0.01 0.28-0.38 0.141
MCYV (fL) 33.95+0.34 32.50-35.80 34.74+0.38 32.90-36.70 0.143
MCH (pg) 9.83+0.12 9.30-10.40 10+0.15 9.50-11 0.402
MCHC (g/L) 291+0.96 283-294 287.5+2.36 274-299 0.187
RDW-CV (%) 0.20+0.001 0.20-0.21 0.19+0.002 0.18-0.20 0.002*
RDW-SD (fL) 25.71+0.39 23.40-27.60 25.34+0.27 23.70-26.90 0.426
PLT (107M9/L) 568.2+46.87 331-757 436.4+27.58 296-592 0.026*
MPV (fL) 4.32+0.03 4.10-4.50 4,57+0.10 4.10-5.00 0.033*
PDW-CV (%) 0.14+0.08 0.11-0.18 0.15+0.01 0.11-0.20 0.519
PDW-SD (fL) 9.60+1.96 4.70-26.20 8.21+0.97 4.40-12.40 0.533
PCT (%) 2.27+0.23 1.19-3.20 1.98+0.10 1.40-2.40 0.275
P-LCC (10M9/L) 171.7411.92 107-218 147.846.20 121-187 0.092
P-LCR (%) 0.30+0.08 0.27-0.35 0.34+0.02 0.21-0.41 0.127

*Analysis results were considered significant for p values less than 0.05.

2Standart deviation, Min: Minumum, Max: Maximum, WBC: White blood cell, LYM: Lenfosite, MID: Monosite, GRAN: Granulosite, NLR: Neutrophil
lymphocyte ratio, PLR: Platelet-lymphocyte ratio RBC: Red blood cell, HGB: Haemoglobin, HCT: Hematocrit, MCV: Mean corpuscular volume,
MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, RDW-CV: Red blood cell distribution width, PLT: Platelet
count, MPV: Mean platelet volume, PDW: Platelet distribution width, PCT: Procalcitonin, P-LCR: Platelet large cell ratio, P-LCC: Platelet large cell
coefficient

DISCUSSION

Boron is an important element whose metabolism is not yet fully understood, especially in oral exposure.
Although there are limited studies on its distribution in tissues, it has been reported that it is almost completely
absorbed in the gastrointestinal system and frequently excreted in the urine (Kuru and Yarat, 2017). Its effects
in living metabolism include osteoporosis and arthritis treatment, antioxidant and memory effects and serious
diseases such as cancer. However, toxicity research on boron compounds is ongoing. Therefore, boron
exposure is important for all living things today (Pizzorno, 2015). Alterations in hematologic and biochemical
parameters are of paramount importance in the diagnosis, severity determination and treatment follow-up of
diseases. Furthermore, metabolic events within the body offer researchers invaluable insights into organ
function (Etim et al., 2014). The present study investigates the effects of varying distances to the boron mine
site on serum boron levels, along with selected biochemical and haematological parameters.

In a study, leukocytes decreased due to gentamicin application and decreased as the dose of boron application
increased. This showed that boron, which is claimed to have antioxidant properties, was not sufficient to protect
leukocytes. In the same study, it was observed that any dose of boron application had no effect on leukocyte
percentages. It was reported that erythrocyte count and haemoglobin levels were not affected by boron
concentrations, but the decrease in haematocrit value with gentamicin was prevented by boron. In addition,
erythrocyte volume (MCV), mean erythrocyte haemoglobin (MCH), mean erythrocyte haemoglobin level
(MCHC) and platelet count were found within normal limits compared to rats (Durmus et al., 2018). In a study
investigating the protective effect of boron on blood parameters in experimental cadmium (Cd) toxicity, 15
mg/kg lithium borate (LTB) was given orally for 5 days. In the study, WBC, % neutrophil increased in Cd and
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Cd+LTB groups. Lymphocyte and monocyte levels decreased significantly. It was reported that LTB did not
cause any change in RBC, haematocrit and haemoglobin levels (Yildirim et al., 2018). In another study,
cyclophosphamide (CP) toxicity was induced and the effects of boron on changes in some blood parameters
were investigated. In another study, cyclophosphamide (CP) toxicity was induced and the effects of boron on
changes in some blood parameters were investigated. In particular, erythrocyte and hemoglobin counts, which
decreased with CP treatment, approached the control group with B treatment. While CP alone suppressed
leukocytes by 96%, boron significantly reduced the suppression of the affected bone marrow and decreased
the leukocyte count by 50% compared to control. A similar result was obtained in platelet count (Cengiz,
2018). In a study investigating the effect of boron application on haematological parameters in dairy cattle in
the periparturient period, there was no change in MCHC levels in the prenatal and calving period, but it caused
a decrease in the postpartum period. WBC levels did not change for control and boron groups in the
periparturient period. No significant change was reported for RBC, MCV, HCT, HB, PLT, MPV, Lymphocyte,
Monocyte values (Kabu et al., 2014). In our study, some results were obtained which were in parallel with
most of the studies. Although WBC, LYM, MID, LYM%, RBC, HGB, HCT, MCHC, P-LCC, PCT, PDW-SD
values decreased between the groups, this difference was not statistically significant. GRAN%, NLR, RDW-
CV, PLT, MPV values showed a significant difference between the groups. The increase in some of these
values may be due to infection especially in sheep. Therefore, it is recommended to conduct more
comprehensive research on whether the difference is due to boron exposure. Expanding the scope of the study
in terms of both the number of animals and the parameters examined will greatly facilitate the evaluation of
possible results. In addition, the significant difference in urea, creatinine and BUN results in our study was in
parallel with the results of some studies. It is thought that this may be due to the boron intake from the water
and feed material consumed and the air inhaled due to the small distance to boron sources. The increase in the
amount of boron entering the body also affected the parameters by making changes in excretion.

Some blood parameters and blood boron levels were investigated in rabbits following boron administration at
different doses. In the study, no statistically significant difference was found in urea and creatinine levels at
any level. However, serum B concentrations increased in parallel with the boron doses administered. This was
reported as an indication that the boron taken into the body was absorbed and passed into the blood (Yigit et
al., 2013). Thirteen healthy women were added boron-containing foods (more than 10 mg) to their diet for 1
month. Increased boron concentrations were observed in blood, urine and saliva samples taken before and after
the diet. However, decreases in body weight, body fat weight and body mass index were reported. There is a
need to investigate the effects of boron-rich diet on animal health with more detailed studies (Kuru et al., 2019).
In a study, pregnant rats were given 0-20 mg B/kg/day (boric acid) by gavage from day 6 to day 21 and pups
from day 1 to day 28. It was reported that postnatal weight gain was significantly reduced at 20 mg B/kg and
plasma boron concentrations in the offspring increased in proportion to the dose. These findings confirmed
that growth was affected by boron exposure (Watson et al., 2020). In a study on boron, which is reported to
be risky in terms of developmental toxicity, mothers and babies in a settlement with boron in drinking water
between 0.38 and 16.1 mg B/l were examined. Boron concentrations in breast milk and serum showed a strong
correlation, while urinary boron concentrations in infants showed an inverse relationship with body weight,
head circumference and length (Hjelm et al., 2019). In our study results, a statistically significant elevation
was determined between serum boron levels. The elevation in the samples taken from Bigadi¢c may be due to
the small distance to the mine site. Boron concentrations are also high in water, air and soil materials in the
living areas near the mine site.

CONCLUSION

In conclusion, the present literature review and study have determined that the distance of exposure to boron
is an important factor in the concentration of boron in the blood. Furthermore, although significant differences
were found in hemogram and some biochemical parameters in the present study, it should be determined
whether this situation is boron-induced with a more comprehensive study. The toxic effects of boron in
environmental contamination or its possible beneficial effects for living organisms are very open areas for
study. Further research is required to address the existing lacunae in the extant literature pertaining to boron.

NOTE

*This study was presented as an oral presentation at the “7th International Eurasian Conference on Biological
and Chemical Sciences”, October 02-04, 2024.
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INTRODUCTION

Echinococcus granulosus is a zoonotic helminth that infect various animal species and humans and widespread
in Turkiye and the world. Carnivores including dogs are final hosts which while humans and animals are the
intermediate hosts. While the adult form of Echinococcus granulosus settles in the small intestine of
carnivores, the larval form settles in the internal organs of the intermediate hosts including sheep, goats, cattle,
pigs as well as humans, and causes hydatid cysts, which leads to significant health problems (Almulhim and
John, 2022; Toparlak and Tuzer, 2012). The life cycle of Echinococcus granulosus begins with the ingestion
of water and food contaminated with the eggs found in the feces of infected carnivores (Toparlak and Tuzer,
2012; Ertabaklar et al., 2019). Hydatid cyst infections caused by Echinococcus granulosus show significant
differences between developed and developing countries. In developed countries, high levels of public
education and regular administration of antiparasitic drugs to dogs have significantly reduced the spread of
hydatid cyst infections (Akyol, 2001). Such preventive health measures are effective for public health strategy
and contribute to the control of the infection. The prevention of cystic echinococcosis relies on implementing
integrated strategies aimed at disrupting the parasite’s life cycle. One of the most critical steps is the regular
deworming of dogs, the primary definitive hosts, with anthelmintic drugs such as praziquantel to prevent the
release of parasite eggs into the environment (WHO, 2020). Additionally, preventing dogs from consuming
raw offal especially livers and lungs from infected livestock is essential to stop the acquisition of the parasite
(Craig et al., 2017). Ensuring proper hygiene and inspection in slaughterhouses and eliminating illegal home
slaughter practices can significantly reduce environmental contamination (ECDC, 2021). From the human
health perspective, especially in rural areas, public health education on hand hygiene, washing vegetables and
fruits before consumption, and avoiding direct contact with stray dogs can reduce transmission risk (Torgerson
& Macpherson, 2011). The implementation of surveillance programs in livestock populations is also crucial
for early detection and control in endemic regions (Romig et al., 2020). The World Health Organization and
the Food and Agriculture Organization advocate for a “One Health” approach, emphasizing integrated control
strategies that consider the interconnectedness of human, animal, and environmental health (WHO, 2020;
FAOQ, 2019). On the other hand, factors such as uncontrolled or illegal animal slaughter, large numbers of stray
dogs, and the disposal of infected organs into the environment without destroying them facilitate the spread of
hydatid cyst infections in developing countries. Inadequate hygiene conditions, limited access to health
services, and lack of sufficient information in the society are also important factors in these countries.
(Almulhim and John, 2022; Ertabaklar et al., 2019; Toncheva and Zhelyaskov, 1999).

Cystic echinococcosis is a zoonotic parasitic disease that causes significant public health concerns and
economic losses, especially in regions where close contact with livestock is common. According to the World
Health Organization (WHO), echinococcosis affects nearly one million people annually and is endemic in
areas such as South America, the Middle East, North Africa, Central Asia, and parts of Europe (WHO, 2020).
Prevalence rates can exceed 4% in countries like Tirkiye, Iran, China, Kenya, and Peru (Torgerson et al.,
2015). Economically, the disease results in billions of dollars in losses due to healthcare costs and reductions
in livestock productivity. A global analysis by Torgerson et al. (2015) estimated the total annual economic
burden of cystic echinococcosis including both human health and livestock production losses at approximately
3 billion USD. These losses include carcass condemnation, decreased milk and wool production, treatment
expenses, and labor loss (Budke, Deplazes, & Torgerson, 2006; Torgerson et al., 2015).

This study was conducted to determine the prevalence of hydatid cysts in sheep and goats slaughtered in Van
province and the financial losses resulting from liver condemnation.

MATERIAL AND METHODS

This study was conducted on a total of 1350 the internal organs of animals including1200 sheep and 150 goats
slaughtered in slaughterhouses under the control of Van Metropolitan Municipality in Van province of Tirkiye
between February and November 2023, which constituted the study material, by visiting once a week. After
slaughter, the internal organs of the animals (liver, lungs, spleen, kidney and heart) were examined in detail by
inspection and palpation and evaluated for the presence of hydatid cysts. Financial losses caused by
condemnation of livers due to hydatid cysts in particular, were calculated based on the 2023 liver sales price
and certain parameters to calculate these losses. On average, liver weight in sheep and goats was assumed 0.5-
1.26 kg and its ratio to body weight as1.45%. Accordingly, the average price per kilogram of liver in sheep
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and goats was as 1$ = 26 TL (September 2023). (Table 1). Financial loss was calculated according to the
formula in table 1. (Sari6zkan and Yalgin, 2009).

Table 1. Estimating method of production losses due to CE in ruminants.

Loss Calculation method

Liver Loss (Number of slaughtered animals x Cystic echinococcosis rate) x
Average liver weight x Price per kg of liver]

RESULTS

Hydatid cysts were detected in 247 of 1200 sheep (20.58%) and 26 of 150 goats (17.33%) slaughtered in
slaughterhouses under the control of Van Metropolitan Municipality between February and November 2023,
totaling 273 (20.22%) animals (Table 2). When the organ localizations of the cysts were examined; it was
determined that the presence of hydatid cysts was mostly seen in the liver and lungs in 96 (39,52%) sheep and
9 (34,62%) goats (Table 2).

Table 2. Numerical data of sheep and goats infected and uninfected with hydatid cysts

Type Hydatid Hydatid Total

cyst (+) cyst (-)

Number % Number % Number %
Sheep 247 20,58 953 79,42 1200 88,88
Goat 26 17,33 124 82,67 150 11,12
Total 273 20,22 1077 79,78 1350 100

The detailed distribution of hydatid cysts by organs is shown in Table 3.

Table 3. Distribution of hydatid cyst according to infected organ locations

Organs Sheep Goat Total
Number % Number % Number %
Liver only 79 32,10 7 26,91 86 31,50
Lung only 58 23,42 8 30,77 66 24,18
Lung + liver 96 39,52 9 34,62 105 38,46
Other organs 14 4,95 2 7,70 16 5,86

(Heart, Spleen, Kidney)

All 273 livers with hydatid cysts were destroyed. The unit price of an average 1 kg sheep and goat liver in
2023 has been determined as 175 TL/kg, and the total material value of liver loss due to cystic echinococcosis
has been determined as 47775 TL (=1837.5%). According to the data obtained from the relevant institutions, a
total of 16500 small cattle, including 14500 sheep and 2000 goats, were slaughtered in VVan province in 2023.
In total, the material loss incurred as a result of the condemnation of livers in sheep and goats slaughtered
annually in 2023 has been determined as (16500 x %20.58) x (1 x 175) = 597247,5 TL (=22855.67%).

DISCUSSION

Hydatid cyst is one of the most important parasitic zoonoses in the world, affecting both humans and domestic
animals (Toparlak and Tiizer, 1999; Soulsby, 1986; Balkaya and Simsek, 2010). Hydatid cyst is a zoonotic
parasitic disease that is common in Turkiye as well as all over the world. In Turkiye, the adult form of the
Echinococcus granulosus parasite is found in the small intestine of carnivores, especially dogs, while the larval
form is found in animals such as sheep and goats, cattle, horses, donkeys, mules and pigs (Diaz, 2017). The
disease mostly settles in tissues and organs such as the lungs, liver, spleen, kidney, heart, bone marrow, eye
and brain, forming fluid-filled cysts (Agudelo et al., 2016). Hydatid cysts are frequently seen especially in
regions where animal husbandry is done, but they still maintain their importance due to both public health and
financial losses they cause (Yazar, 2005). According to TUIK data, 18.4% of the active population in Tiirkiye
is engaged in agriculture and animal husbandry, and Echinococcus granulosus is still commonly encountered
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today due to the uncontrolled slaughter of animals, especially in rural areas, and the feeding of cystic organs
to stray dogs (Demir and Mor, 2011; TUIK, 2011; Hakverdi et al., 2008). Many studies have been conducted
in different countries of the world to determine the prevalence of hydatid cysts in farm animals. According to
recent studies; hydatid cysts in sheep have been reported at a rate of 65.6% in Romania (Mitrea et al., 2014),
61.9% in Moldova (Chihai et al., 2016), 18.1% in Algeria (Ouchene et al., 2014), 2.9% in Iran (Borji et al.,
2012), 10.6% in Ethiopia (Kebede et al., 2009) and 3.5% in China (Guo et al., 2019). In studies conducted in
various slaughterhouses in Ttrkiye; The prevalence of cystic echinococcosis in Afyon is 29.5% (Kdse, 2008),
9.8% in Ankara (Oge, 1998), 3.2% in Antakya (Hakverdi et al., 2008), 13.5% in Burdur (Umur, 2003), 34.3-
46.4% in Erzurum (Arslan and Umur, 1997; Balkaya and Simsek, 2001), 31.3% in Kars (Gicik et al., 2004),
3% in Kayseri (Diizlii et al., 2010), 14.2% in Kirikkale (Y1ldiz and Tuncer, 2005), 9.4% in Konya (Dik et al.,
1992), 21.1% in Samsun (Celep et al., 1990), and 4.5-35.7% in Sivas (Ac16z et al., 2008) reported that it was
37.8% in Van (Deger et al., 2001). In this study, the cystic echinococcosis rate determined in sheep and goats
was determined as 20.22%. The findings obtained in this study are parallel to the previous studies conducted
in Afyon, Erzurum, Kars, Samsun, Sivas and Van provinces. We suggest that the reason for these high rates
may be pasture-based animal husbandry, the continuous walking of dogs with sheep and cattle in the pastures
during the day, their sleeping in barns at night and uncontrolled slaughtering of animals.

Although no significant clinical symptoms are observed in animals due to cystic echinococcosis, significant
economic losses occur due to decrease in meat and milk yield, increase in infertility rate, and disposal of offal,
especially liver and lungs, after slaughter (Balkaya and Simsek, 2010; Diizlii et al., 2010; Sari6zkan and Yalgin,
2009; Umur, 2003; Koéroglu and Simsek, 2004). In a study conducted throughout Trkiye, it was estimated
that there is an annual economic loss of 32,400,000$ (26,200,000$-39,100,000%) due to carcass, milk yield,
birth and offal loss (Saridzkan and Yalgin, 2009). In studies conducted worldwide, it has been reported that
the annual economic loss due to hydatid cyst is 232.3% million in Iran (Fasihi Harandi et al., 2012), 212.35$
million in India (Singh et al., 2014), 141,605,195% in the USA (Budke et al., 2006), and $58,114.62 in Ethiopia
(Guduro and Desta, 2019). In a study conducted in a slaughterhouse in Southwestern Ethiopia, the annual
economic loss was calculated as 12,758.21$ (Mesay et al., 2017). In a study conducted in Erzurum, the
economic loss due to liver condemnation due to hydatid cyst has been estimated as 3,320 TL (Balkaya and
Simsek, 2010). In a study covering three slaughterhouses in Kayseri, the economic loss due to hydatid cyst
was determined to be 31,372% (Dizlu et al., 2010). In Kars province, the annual economic loss due to liver
condemnation alone was reported as 12,180 TL (Demir and Mor, 2011). In Bursa, the total loss due to hydatid
cyst was calculated as 12,321$ (Yibar et al., 2015). In a study covering all of Tirkiye, the economic loss due
to hydatid cyst was reported as 36.3% for cattle, 60.7% for sheep and 3.0% for goats (Sariézkan and Yalgin,
2009). In a study, it was reported that direct and indirect economic losses in Tirkiye could be 98,558% and
466,891%, respectively. It was also reported that the total monetary loss due to Hydatidosis in Tirkiye in 2020
could be an estimated $565,448. (Ac16z and Bozkaya., 2022).

CONCLUSION

In this study, it was calculated that the liver condemnation caused by cystic echinococcosis determined in
sheep and goats was 47775 TL (=1837.5%). The financial loss arising as a result of the condemnation of livers
in sheep and goats slaughtered annually in Van province in 2023 was determined as (=22855.67%). However,
when indirect yield losses due to cystic echinococcosis are calculated, it can be said that this value will be even
higher. As a result, it can be argued that the high frequency of cystic echinococcosis in sheep and goats in Van
province poses a risk to human and animal health in the region and leads to significant financial losses. It is
thought that informing breeders about the transmission routes and protection measures regarding hydatid cyst,
one of the important zoonoses, taking the necessary precautions for stray dogs, preventing uncontrolled and
illegal slaughtering and ensuring that cystic organs are destroyed under appropriate conditions will be an
effective eradication program in reducing the prevalence of the disease.
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ARTICLE

ABSTRACT INEO

This study aims to determine the localisation of foreign bodies (FBs), surgical sites, the impact of the time

elapsed after FB ingestion on prognosis, and survival rates in cats. A total of 52 cats presented to Selcuk O%egg';%g:s
University Faculty of Veterinary Medicine with suspected FB ingestion between 2022 and 2024 were Aécebted'
evaluated. Among these cats, 63.4% were short-haired domestic cats, 59.6% were female, and 51.9% were 09.05 202'5

under two years old. The most common types of FBs were linear (40.5%) and plastic (40.5%). The most
frequent clinical signs were vomiting, anorexia, lethargy, and abdominal distension. Hematological
examinations revealed hypokalaemia (61.9%) and electrolyte imbalances. Radiographic and
ultrasonographic evaluations showed gastrointestinal obstruction, intestinal dilation, and reduced
peristaltic movements. Surgical procedures, including gastrotomy and enterotomy, were performed, with
multifocal intervention required in 36.5% of cases. The survival rate was 76.9%, while the mortality rate
was 23.1%, mainly due to complications from linear FBs. Postoperative complications such as septic
peritonitis and sepsis were observed in 21% of cases, contributing to the mortality rate. The average time
to surgery was 67.2 hours in survivors and 96 hours in those who did not survive. In conclusion, early
diagnosis and appropriate surgical intervention are crucial, with prognosis depending on the type of FB
and the intervention time.

Keywords: Cat, Gastrointestinal foreign body, Peritonitis

Kedilerde Linear ve Linear Olmayan Gastrointestinal Yabanci Cisim Tikanikhiklarinin
Postoperatif Sonuclarinin Degerlendirilmesi (52 Olgunun Retrospektif Caliymasi)

MAKALE

OZET BiLGiSi

Bu ¢alisma, kedilerde yabanci cisim (YC) yutma vakalarinda, YC’lerin lokalizasyonu, operasyon bdélgeleri ve YC

yutma sonrasi gegen siirenin prognoz lizerindeki etkisi ile sagkalim oranlarinin belirlenmesini amaglamaktadir. 2022- Gelis:
2024 yillar1 arasmnda Selguk Universitesi Veteriner Fakiiltesine YC yutma siiphesiyle getirilen 52 kedi  (g.03.2025
degerlendirilmistir. Calismadaki kedilerin %63,41 kisa tiiylii ev kedisi, %59,6’s1 disi ve %51,9’u iki yasin altindaydi. Kabul:
YC tiirleri olarak en sik; linear YC’ler (%40,5 (n = 21)) ve plastik YC’ler (%40,5, n = 21) tespit edilmistir. En yaygin 09.05.2025
klinik belirtiler arasinda kusma, anoreksi, halsizlik ve abdominal distansiyon gdzlemlenmistir. Hematolojik o
incelemelerde hipokalemi (%61,9) ve diger elektrolit dengesizlikleri dikkat cekmistir. Radyografik ve ultrasonografik

incelemelerde, gastrointestinal obstriiksiyon, bagirsak segmentlerinde genisleme ve peristaltik hareketlerde azalma

goriilmiistiir. Cerrahi miidahaleler arasinda gastrotomi ve enterotomi uygulanmis olup, bunlarin %36,5’inde

multifokal girisimde bulunulmustur. Calismada olgularin sagkalim orant %76,9 iken, %23,1 oraninda mortalite,

Ozellikle lineer YC kaynakli komplikasyonlara baglt olarak goriilmiistiir. Postoperatif komplikasyonlar arasinda

septik peritonit ve sepsis, vakalarin %21’inde gézlenmis ve mortalite oranina katkida bulunmustur. Sag kalanlarda

cerrahiye kadar gecen ortalama siire 67,2 saat iken, hayatin1 kaybedenlerde bu siire 96 saat olarak belirlenmistir.

Sonug olarak, YC yutma vakalarinda erken teshis ve uygun cerrahi miidahalelerin 6nem tasidigi, prognozun YC’nin

tiirline ve miidahale siiresine bagli oldugu sonucuna vartlmistir.

Anahtar kelimeler: Kedi, Gastrointestinal yabanci cisim, Peritonitis
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INTRODUCTION

Gastrointestinal (GI) foreign body (FB) ingestion is a common condition in veterinary practice, particularly in
cats, and often necessitates prompt medical or surgical intervention. This condition is frequently linked to
pica, a compulsive behavioural disorder influenced by factors such as genetic predisposition, early weaning,
boredom, lack of social interaction, malnutrition, and anxiety. Gl obstruction caused by FB ingestion can be
categorised as partial or complete, with clinical manifestations varying depending on whether the FB is linear
or non-linear (Parlak et al., 2022).

Linear FBs are associated with higher morbidity and mortality due to their potential to cause severe
complications, including peritonitis and sepsis. These complications arise from mechanical trauma, leading to
intestinal plication, ischemia, and subsequent necrosis (Parlak et al. 2022). Radiographically, linear FBs
typically present as dilated, tortuous intestinal loops with multiple intraluminal gas bubbles. Additionally, the
presence of free air on abdominal radiographs suggests peritonitis, warranting immediate surgical intervention
(Willis and Farrow, 1991; Papazoglou et al., 2003). While clinical signs of linear FBs are typically acute, some
cases may follow a more protracted course. In contrast, non-linear FBs are more likely to cause complete
obstruction, resulting in complications such as proximal gas accumulation, bowel distension, and bowel wall
edema or necrosis. These cases often present acutely and carry significant risks of morbidity and mortality
(Willis and Farrow, 1991; Papazoglou et al., 2003). The clinical manifestations of GI FB ingestion in cats—
including vomiting, regurgitation, depression, anorexia, and hypoxia—vary depending on the type, location,
severity, and duration of the obstruction. Radiographic findings frequently reveal segmental bowel
enlargement, a characteristic indicator of obstruction (Giilaydin and Akgiil, 2024).

The management of GI FBs involves medical or surgical intervention based on the nature of the FB, the
severity of obstruction, and the risk of perforation. Timely and appropriate treatment is critical to mitigating
the pathophysiological consequences and preventing complications (Pratt et al., 2014). While gastrotomy or a
single incision enterotomy may suffice for non-linear FBs, the removal of linear FBs often requires multiple
enterotomies (Miller et al., 2024).

The aim of this study was to analyse the characteristics of linear and non-linear FBs in feline Gl cases and
evaluate their relationships with clinical signs, time to intervention, and treatment methods in relation to
survival rates.

MATERIAL AND METHODS

This study was conducted with the approval of the Selcuk University Faculty of Veterinary Medicine
Experimental Animal Production and Research Center Ethics Committee, dated 30.01.2025 and numbered
2025/13. The study cohort comprised 52 cats presented to the Faculty of Veterinary Medicine at Selcuk
University between 2022 and 2024 with symptoms of FB ingestion or severe vomiting and anorexia of
unknown origin. These cats were diagnosed with FBs of varying characteristics through clinical, radiografic,
and ultrasonographic (USG) imaging. Inclusion criteria required the availability of complete USG and
radiographic data, as well as accessible clinical records.

Anamnestic data collected from the patients, including loss of personal belongings, partial protrusion of FBs
from the mouth or anus, expulsion of FBs via vomiting, and the presence of a string at the root of the tongue,
were systematically documented in patient observation forms. Following a brief initial clinical examination, a
comprehensive inspection of the oral cavity, particularly the root of the tongue, was performed to detect any
linear FBs. In addition to the physical examination, venous blood samples were collected for venipuncture (v.
cephalica) for systemic blood gas analysis (GEM Premier 3000, Werfen, Barcelona, Spain), complete blood
count (MS4e, Melet Schloesing, Maria Enzersdorf, Austria), and biochemical analyses (BT 3000, Biotecnica
Instruments, Roma, Italy) at the Central Laboratory of the Faculty of Veterinary Medicine, Selcuk University.
Fluid replacement therapy was initiated based on the patients' blood parameters.

To determine the location of the FB, assess indicators of peritonitis, and detect obstruction, USG and direct
radiography (Siemens X-ray, Rayence Veterinary DR unit) were performed in all cases. In cases where clinical,
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radiological, and haematological examinations did not suggest peritonitis and no intestinal perforation was
present, contrast radiography with 60% barium sulphate solution (2 mL/kg, orally) was performed.
Radiographic imaging was utilised to ascertain the FB's location, degree of obstruction, and its characteristics.
Treatment decisions were based on factors including the FB’s diameter, location, and composition, as well as
the severity of obstruction, food intake, defecation status, clinical presentation, the owner’s financial capacity,
and the patient’s blood parameters.

For surgical sedation, Medetomidine HCI (Domitor®, Zoetis, New Jersey, USA) (0.025 mg/kg, IM) and
butorphanol (Butomidor, Interhas, Ankara, Turkey) (0.1 mg/kg, IM) were administered. Anaesthesia was
induced with propofol (Propofol-Lipuro 1%®, B. Braun, Melsungen, Germany) (1.5-3 mg/kg, 1V) and
maintained with isoflurane (2% isoflurane-Adeka Pharmaceuticals, Samsun, Turkey) at a flow rate of 2 L/min
with 100% oxygen after endotracheal intubation. Following routine surgical preparation (shaving, asepsis,
antisepsis), the patient was placed in the ventro-dorsal position on the operating table.

Except for cases where FBs were located in or around the oesophagus, all cats underwent abdominal
exploration extending from the stomach to the rectum, with careful examination of the intestinal segments.
Once the location of the FB was identified, it was removed via enterotomy or gastrotomy. In cases where linear
FBs had caused chronic penetration into the intestinal mesenchyme or perforation, multiple enterotomies were
performed to minimise further trauma to the intestinal mesenchyme. After the removal of all FBs, the incisions
were closed using a double continuous suture technique with atraumatic polydioxanone (PDO 4/0) or
polyglycolic acid (PGA 4/0) sutures, employing parallel suturing in the antimesenteric region or transverse
suturing in stenotic segments (Fig. 1). Following suture placement, the intestinal segments were meticulously
examined for any leaks. Prior to the closure of the abdominal wall, the abdominal cavity was irrigated with a
body-temperature isotonic (0.9%) solution. Postoperative care included the administration of Metoclopramide
HCI (0.2 mg/kg, IM) to prevent vomiting, along with appropriate fluid therapy (Lactated Ringer, isotonic 0.9%
NaCl, etc.) to correct dehydration and improve tissue perfusion, based on blood gas results. Antibiotic therapy
consisted of metronidazole (Polygyl 0.5%, Polifarma, Istanbul, Turkey) (7.5 mg/kg, q24h, IV) for 3 days and
cefazolin sodium (lespor®, Ulagay Pharmaceutical, Istanbul, Turkey) (30 mg/kg, q24h, IM) for 7 days.
Analgesia was provided with meloxicam (Metacam®, Boehringer Ingelheim, Ingelheim, Germany) on day 1
(0.1 mg/kg, g24h, PO), followed by 0.05 mg/kg (q24h, PO) for the next 2 days. If non-steroidal analgesics
were insufficient, additional analgesia was administered via subcutaneous injection of butorphanol hydrogen
tartrate at a dose of 0.4 mg/kg (Butomidor-Interhas, Ankara, Turkey) (0.1 mg/kg, IM).

As a statistical method in the study, the findings were evaluated by taking the statistical average.

Figure 1. a) The non-linear plastic FB causing complete obstruction in the intestinal region of
case 6, b) the non-linear plastic FB removed from the intestinal region of case 6 via enterotomy.
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RESULTS

Clinical findings

The breed distribution of the cases included in the study was as follows: Domestic Shorthair (63.5%) (n=33),
Scottish Fold (13.5%) (n=7), British Shorthair (9.5%) (n=5), Angora (7.5%) (n=4), Siamese (2%) (n=1),
Chinchilla (2%) (n=1) and Persian (2%) (n=1). The age distribution of the cases was as shown below: 27%
were less than 1 year old (n=14), 25% were 2 years old (n=13), 21% were 1 year old (n=11), 11.5% were 3
years old (n=6), 4% were 4 years old (n=2), 7.5% were 5 years old (n=4), 2% were 6 years old (n=1) and 2%
were 10 years old (n=1). When analysing the gender distribution of the cases, 59.6% were female (n=31) and
40.4% were male (n=21). In some cases with linear FBs, they FBs were located in the oral cavity or at the root
of the tongue, extended outwards from the anus, or included ingested needles attached to the FB. Cases with
linear FBs at the root of the tongue often exhibited chewing movements, and in some cases, transversal cuts
were observed on the tongue due to the FBs. In all cases of linear FB, severe vomiting (more than five times
per day), anorexia, weakness, pyrexia and abdominal tenderness were observed (Fig. 2) (Table 1).

Clinical examination of other cases of FB revealed clinical symptoms of anorexia, weakness, severe vomiting,
dehydration, abdominal distension and increased tenderness. Defecation varied depending on the FB's location
in the Gl tract and the degree of obstruction, being observed in some cases but absent in others.

Table 1. Details of the cases included in the study.
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1 Persian 6 Male 0 Duodenal Non-Linear FB Wound - Moder -
enterotomy (Plastic) infection ate
2 Scottis 12  Male 6 Multifocal Linear FB Anorexia,  Septic  Expire 12
h Fold enterotomy (String, Thread, Pyrexia  periton dat
Wire, etc.) itis, 12th
Sepsis  Hour
3 Mixed 24 Female 0 Esophageal Non-Linear FB - - Good 12
breed FB- (Bone)
Endoscopic
intervention
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4 British 12 Male 0 Multifocal Linear FB - - Good
enterotomy (String, Thread,
Wire, etc.)
5 Mixed 24 Male 3 Duodenal Linear FB - - Good
breed enterotomy (String, Thread,
Wire, etc.)
6 Mixed 12 Female 2 Jejunal Non-Linear FB - - Good
breed enterotomy (Plastic)
7 Mixed 36 Male 8 Duodenal Non-Linear FB Bloody Septic  Expire
breed enterotomy (Plastic) diarrhoea, Periton don
Pyrexia, itis, 14th
Vomiting  Sepsis Day
Anorexia
8 British 9 Female 6 Duodenal Non-Linear FB Anorexia - Expire
enterotomy (Plastic) don
2nd
Day
9 Mixed 24 Male 0 Multifocal Linear FB - - Good
breed enterotomy (String, Thread,
Wire, etc.)
10 Mixed 72 Female 3 Multifocal Linear FB flues, Septic  Expire
breed enterotomy (String, Thread, Wound Periton  don
Wire, etc.) infection itis, 2nd
Sepsis Day
11 Scottis 36 Male 3 Duodenal Non-Linear FB Anorexia - Expire
h Fold enterotomy (Cat hair) don
7th
Day
12 Mixed 12 Female 5 EsophagealF Non-Linear FB Anorexia - Moder
breed 0 B- (Bone) ate
Endoscopic
intervention
13 Mixed 12 Female 2 Multifocal Linear FB - - Good
breed enterotomy (String, Thread,
Wire, etc.)
14 Mixed 24 Female 0 Gastric Non-Linear FB - - Good
breed endoscopic (Cat hair)
procedure
15 Mixed 12 Male 3 Duodenal Non-Linear FB - - Good
breed enterotomy (Plastic)
16 Ankara 4 Female 10 Jejunal Non-Linear FB Anorexia - Expire
enterotomy (Fruit seed) don
6th
Day
17 Mixed 36 Female 2 Jejunal Non-Linear FB - - Good
breed enterotomy (Plastic)
18 Mixed 60 Female 2 Multifocal Linear FB - - Good
breed enterotomy (String, Thread,
Wire, etc.)
19 Mixed 60 Female 1 Multifocal Linear FB Incisional - Expire
breed enterotomy (String, Thread, hernia don
Wire, etc.) 1st
Day
20 Mixed 8 Female 2 Jejenum Non-Linear FB - - Good
breed (Plastic)
21 Mixed 36 Female 4 Multifocal Linear FB Vomiting - Moder
breed enterotomy (String, Thread, ate
Wire, etc.)
22 Scottis 12 Female 2 Gastrotomy Non-Linear FB - - Good
h Fold (Plastic)

48

72

72

72
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Mixed
breed
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Female
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Male

Male

Male
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Male

Female

Female

Female

Male
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Male
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Male
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10
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Duodenal
enterotomy
Duodenal
enterotomy
Multifocal
enterotomy

EsophagealF
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Endoscopic
intervention
Multifocal
enterotomy

Multifocal
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Duodenal
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Linear FB
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Linear FB
(String, Thread,
Wire, etc.)
Linear FB
(String, Thread,
Wire, etc.)
Linear FB
(String, Thread,
Wire, etc.)
Non-Linear FB
(Plastic)
Non-Linear FB
(Plastic)
Linear FB
(String, Thread,
Wire, etc.)

Linear FB
(String, Thread,
Wire, etc.)
Non-Linear FB
(Plastic)
Non-Linear FB
(Plastic)

Non-Linear FB
(Plastic)
Non-Linear FB
(Needle)
Non-Linear FB
(Plastic)

Non-Linear FB
(Needle)
Non-Linear FB
(Plastic)
Linear FB
(String, Thread,
Wire, etc.)
Non-Linear FB
(Plastic)
Linear FB
(String, Thread,
Wire, etc.)

- Septic
Periton
itis,
Sepsis
fleus -
Incisional -
hernia
Wound Local
infection  periton
itis
Incisional -
hernia

Good
Good

Good

Good

Espire
don
2nd
Day

Moder
ate

Intraop
eratif

Ex
Good

Good
Good
Expire
don
1st

Day
Good

Moder
ate
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Good
Good

Good

Good
Good

Moder
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Good
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don
1st
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45 Ankara 36 Male 7 Multifocal Linear FB - - Good -
enterotomy (String, Thread,
Wire, etc.)
46 Scottis 11 Female 7 Multifocal Linear FB - - Good -
h Fold enterotomy (String, Thread,
Wire, etc.)
47 British 5 Female 4 Jejunal Non-Linear FB Wound - Moder -
enterotomy (Plastic) infection ate
48 Mixed 48 Female 1 Jejunal Non-Linear FB Anorexia - Expire 168
breed enterotomy (Plastic) don
4th
Day
49 Mixed 12 Male 1 Gastrotomy Non-Linear FB - - Good 72
breed (Plastic)
50 Mixed 24 Female 3 Duodenal Non-Linear FB - - Good -
breed enterotomy (Needle)
51 Scottis 24 Female 3 Jejunal Linear FB fleus - Moder -
h Fold enterotomy (String, Thread, ate
Wire, etc.)
52 Mixed 48 Female 2 Duodenal Non-Linear FB - - Good -
breed enterotomy (Plastic)

Haematological findings

In the preoperative blood parameters (whole blood, blood gas and serum biochemistry) of patients presenting
with FB complaints (Table 2), the following findings were observed: hypokalaemia (61.90%, n=26),
hypernatraemia (42.8%, n=18), hypochloraemia (40.47%, n=17), decreased BUN (66.66%, n=14), elevated
HCO:s (26.19%, n=11), decreased HCOs (14.28%, n=6), decreased total protein (42.85%, n=9), elevated total
protein  (19.04%, n=4), metabolic alkalosis (19.04%, n=8), decreased creatinine (33.33%, n=7),
hyperlactataemia (16.66%, n=7), increased Hct (15%, n=3), hyponatraemia (7%, n=3), decreased Hct (5%,
n=1), and decreased WBC (5%, n=1) (Table 2).

Tablo 2. Preoperative biochemical, hematologic and blood-gas values for cats with GI FB obstruction.

Parameters Mean Reference Below the Above Reference Total Cases
Range reference (n) (n) (n)
White blood cells 109/ 12.11 5.5-19.5 1 - 20
Haematocrit % 44.08 31-48 1 3 20
Ph 7.35 7.24-7.40 3 8 42
(Pgar?fr;‘:or}}l_ 3.48 3.7-6.1 26 - 42
(SNOg)'”n%m N 155 146-156 3 18 42
(Cgl')or:'r;‘gl N 113.07 115-130 17 - 42
Lactat nmol/L 3.24 0.9-3.9 - 7 42
Hco3 nmol/L 20.88 17-24 6 11 42
BUN mg/dL 27.32 19-34 14 - 21
Creatinine mg/dL 1.10 0.9-2.2 7 1 21
Total protein g/dL 6.56 6-7.9 9 4 21

Radiological and USG findings

Direct and indirect radiographs with barium sulphate were taken in all patients who presented with the
complaint of swallowing FB. Radiographic examination revealed clustered or tortuous small bowel segments,
particularly in patients with linear FB ingestion. Depending on the nature and size of the ingested FB, partial
or complete obstructions were observed in various parts of the Gl tract (Fig. 3). Radiological findings also
indicated dilated intestinal segments. Ultrasonographic examination revealed the presence of shadowing in
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some regions of the GI tract due to an ingested FB, decreased peristalsis, and gastric and intestinal dilatation
in cases of FB causing complete obstruction (Fig. 4; Fig.5).

Figure 3. X-ray image of a FB (white arrows) in the small intestine of a cat.

Figure 4. Longitudinal ultrasonographic image of small intestinal segment dilation
(white arrow) secondary to a linear FB in a 5-year-old female mixed-breed cat (Case 18)

Figure 5. Oblique sagittal ultrasound image of the jejunum in a 4-month-old female
kitten (case 16). A fruit seed causes an acoustic shadow artefact (white arrow) by obstructing
deeper sound wave penetration.
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Surgical findings

The nature of the FBs removed from various segments of the Gl tract, either through surgery or endoscopy,
was analysed. The majority of FBs identified were linear in shape, accounting for 40.5% (n=21) of cases,
followed by plastic materials, also representing 40.5% (n=21). Other FBs included needles (5.5%, n=3), bone
fragments (5.5%, n=3), fruit stones (4%, n=2), and hairballs (4%, n=2).

Endoscopic removal was performed under general anaesthesia in 4% (n=2) of cases, avoiding the need for
surgical intervention. Surgical procedures, including enterotomy and gastrotomy, were required for FB
removal depending on their location within the Gl tract. The distribution of FBs by anatomical site was as
follows: 36.5% (n=19) were multifocal, meaning they were found in multiple locations; 31% (n=16) were
located in the duodenum; 13.5% (n=7) in the jejunum; 7.5% (n=4) in the stomach; 5.5% (n=3) in the
oesophagus; and 2% (n=1) in the ileum.

Regarding survival outcomes, 23.1% (n=12) of the cases resulted in death, while 76.9% (n=40) of the cases
survived to the time of assessment. Among the deceased, 58.3% (n=7) were attributed to linear FBs, 25% (n=3)
to plastic objects, 8.3% (n=1) to fruit seeds, and 8.3% (n=1) to hairballs. Upon further analysis of the cases
that resulted in death, it was noted that 8.3% (n=1) of deaths occurred intraoperatively. Postoperatively, deaths
occurred at varying intervals: 8.3% (n=1) at 6 hours, 8.3% (n=1) at 12 hours, 25% (n=3) on the first day, 16.6%
(n=2) on the second day, 8.3% (n=1) on the third day, 8.3% (n=1) on the fourth day, 8.3% (n=1) on the seventh
day, and 8.3% (n=1) on the fourteenth day.

Postoperative complications were observed in 21% (n=11) of cases, including minor issues such as anorexia,
pyrexia, bloody diarrhoea, paralytic ileus, vomiting, wound infection, and incisional hernia. Major
complications, specifically septic peritonitis and sepsis, were documented in 7.6% (n=4) of cases. In cases
involving linear FBs, minor complications occurred in 42% (n=3) and major complications in 57% (n=4); all
instances of septic peritonitis and sepsis resulted in mortality. For FB cases, the mean time from onset of
clinical signs to time of surgery was 67.2 hours for surviving cases and 96 hours for deceased cases. In the
postoperative evaluation of the cases; cases without minor or major complications were recorded as “good”,
cases with minor complications were recorded as “moderate”, and cases with major complications but still
alive were recorded as “worst”.

DISCUSSION

FBs in the Gl tract remain a common health problem in cats, and according to our study, 59.6% of the 52 cats
with FBs were female. In our study, 40.5% (n = 21) of FB cases were classified as linear FB, while (59.5%, n
= 31) were categorised as non-linear FB. Notably, the rate of treatment success was observed to increase
significantly (76.9%) with early surgical intervention. However, mortality was predominantly associated with
cases involving linear FB. Furthermore, surgical intervention for linear FB cases was typically delayed, with
an average time to surgery of 96 hours. These findings underscore the critical importance of prompt diagnosis
and early intervention, particularly in cases of linear FB, to improve clinical outcomes and reduce mortality
rates. Analyses of studies on FB events showed the majority of events to be in domestic shorthair breeds (95%),
with a gender distribution of 70% males (n=7) and 30% females (n=3) (Hayes, 2009; Cola et al., 2009; Miller
etal., 2024). In the study by Giilaydin and Akgiil (2024) it was reported that 66.6% of the cases were domestic
shorthair (n=8) and 33.4% were Scottish breed cats (n=4), and the sex distribution was 75% male (n=9) and
25% female (n=3). In the present study, the breed distribution of GI FB cases revealed that domestic shorthair
cats were the most commonly affected breed, accounting for 63.4% of cases (n=33). This finding aligns with
the results of previous studies, suggesting a potential predisposition of this breed to GI FB ingestion. However,
the data obtained regarding the sex distribution are not compatible with previous findings; 59.6% of the cases
in our study were female cats (n=31). This difference may be explained by an excess of female cats in the
population. Nevertheless, further extensive and detailed studies are required to validate these hypotheses.

Previous studies have indicated that cats presenting with FB ingestion are predominantly younger than two
years of age, a finding supported by the data from our study, in which 48% of affected cats fell within this age
group (Hayes, 2009; Pratt et al., 2014; Crino et al., 2023). The high prevalence observed in younger cats may
be attributed to their heightened exploratory behaviour and curiosity about foreign objects. Additionally, the
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increased incidence of pica behaviour during the permanent teething period is thought to contribute to the
higher risk of FB ingestion in this age group.

The literature indicates that cats exhibit a particular interest in linear FBs and are more prone to swallowing
such objects due to the unique anatomical structure of their tongues (Camkerten and Sahin, 2006; Hayes, 2009;
Demirel, 2021; Giilaydin and Akgiil, 2024). In our study, an analysis of the types of FBs revealed that 40.4%
(n=21) of cases involved linear FBs, while an equal proportion (40.4%, n=21) consisted of plastic materials.
The frequent occurrence of linear FBs may be attributed to several factors, including the ease of access to these
objects, cats' natural tendency to play with string-like materials, and their anatomical predisposition to
engaging with and ingesting such items.

Metabolic alterations caused by Gl FBs in cats and dogs have been extensively discussed in the literature.
Gollnick et al. (2023) reported that hyponatraemia was the most commonly observed metabolic disturbance in
cats with Gl lesions, accompanied by decreases in serum chloride and calcium levels in 32% of cases and
elevated serum lactate levels in 30% of cases. These findings highlight the impact of GI system damage on
electrolyte and metabolite balance. Similarly, Boag et al. (2005) reported hypochloraemia in 51.8%, metabolic
alkalosis in 45.2%, hyperlactataemia in 40.5%, hypokalaemia in 25%, and hyponatraemia in 20.5% of dogs
with Gl injuries, emphasising the need to consider these metabolic changes in clinical management. In contrast,
studies focusing on cats and dogs that ingested suture needles suggest more limited changes in metabolic
parameters. For instance, in a study by Demirel et al. (2021), sodium, chloride, potassium, haematocrit, total
protein, creatinine, and glucose levels were generally within normal limits in both species. This observation
suggests that the type and location of the FB may play a significant role in determining the extent of metabolic
changes. Supporting this, Parlak et al. (2022) found hypokalaemia in 42%, hypochloraemia in 20%, and
hyperlactataemia in 50% of cats with linear FBs. These findings underline the importance of considering FB
characteristics in the evaluation of metabolic disturbances associated with GI FB cases.

Sayin (2024) reported hyperlactataemia in 67.3%, hypochloraemia in 43.4%, hyponatraemia in 27.6%, and
hypokalaemia in 13% of Gl FB cases, further demonstrating the prevalence and clinical importance of these
metabolic alterations. These findings highlight the need for careful monitoring of electrolyte and metabolic
parameters during the clinical evaluation of GI cases. The data obtained in our study are consistent with
findings reported in the literature (Boag et al., 2005; Parlak et al., 2022; Gollnick et al., 2023; Sayin, 2024).
Hypochloraemia and hypernatraemia observed in some cases are thought to result from prolonged vomiting
and dehydration. Furthermore, hyperlactataemia is likely influenced by decreased tissue perfusion caused by
intestinal wall compression by the FB, emphasising the significant local and systemic effects of FBs on
metabolic parameters.

In this study, radiographic imaging was an important diagnostic tool, and direct radiography was found to be
sufficient for the detection of radiopaque FBs. However, both ultrasonography (USG) and radiography were
employed for the diagnosis of radiolucent FBs. In cases where FBs could not be detected using either method,
indirect radiography was utilised. In cases with linear FBs, clustering and tortuosity of intestinal segments
were readily apparent on direct radiographs, while dilated intestinal segments were noted in non-linear FB
cases. These findings align with reports in the literature, which emphasise the utility of radiography in
identifying radiopaque FBs, determining obstruction sites, and assessing gas and fluid content within the Gl
tract (Arican, 2011; Finck et al., 2014; Erol et al., 2019). However, as previously noted by Elser et al. (2020),
radiographic findings alone can be non-specific, particularly in differentiating FBs from neoplasia, adhesions,
or strictures. Additionally, typical radiographic findings for linear FBs are not always present.
Ultrasonography, performed immediately after radiography, proved invaluable in accurately identifying FBs,
especially non-radiopaque ones. It also provided critical information regarding intestinal wall integrity,
mesenteric changes, and free peritoneal fluid, which guided treatment decisions. This aligns with previous
studies highlighting the diagnostic value of ultrasonography in G1 FB cases (MacPhail, 2002; Penninck, 2002;
Tyrrell et al., 2006; Hayes, 2008). The combined use of radiography and ultrasonography expedited the
diagnosis and facilitated timely surgical intervention, ultimately improving clinical outcomes.

It has been well established that delayed intervention decreases treatment success in cases of intestinal
obstruction in cats and dogs (Hayes, 2009; Kan et al., 2022). Additionally, the literature identifies the most
critical complications of Gl surgery as disruption of suture line integrity and leakage of intestinal contents into
the abdominal cavity (Allen et al., 1992; Evans et al., 1994; Shales et al., 2005; Hayes, 2009). Hayes (2009)
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noted no mortality in cats during the postoperative period, with only minor complications such as upper
respiratory tract infections reported. Similarly, Gollnick et al. (2023) observed no intestinal perforation or
septic peritonitis in cats with Gl FBs, although intestinal perforations were more frequently associated with
linear FBs. These cases were linked to a higher incidence of postoperative ileus and a higher infection rate at
the surgical site (43%) compared to other FB cases. The increased infection rate in linear FB cases may be
attributed to factors such as prolonged operative durationss, the requirement for multiple Gl incisions, or the
risk of incisional contamination during manipulation of the linear FB. These findings underscore the
importance of timely surgical intervention and meticulous intraoperative management to optimise outcomes
in cats and dogs with GI FBs. In this study, the timing of surgical intervention in cases with Gl FBs was
evaluated, revealing that surgery was performed after an average of 67.2 hours in surviving cases and 96 hours
in cases that succumbed. Among cases with linear FBs that resulted in mortality, the average time to surgery
was 76.8 hours. These findings align with those reported by Hayes (2009) and Kan et al. (2022), clearly
demonstrating that mortality rates increase with delayed intervention. Particularly in cases involving linear
FBs, delayed surgical intervention is thought to exacerbate damage, as linear FBs located in cranial regions of
the Gl tract (e.g., tongue root) can cause intestinal clustering due to continued caudal peristalsis, cumulatively
increasing intestinal damage. The prognosis for cats undergoing surgical removal of FBs is generally
favourable, with low rates of postoperative septic peritonitis and mortality (Gollnick et al., 2023). However,
cases involving linear FBs are often more complex, and the postoperative care process is typically more
challenging. While Miller et al. (2024) reported no significant difference in the occurrence of postoperative
complications between linear and other FB cases, they documented two fatalities in the postoperative period.
One case was suspected to have developed systemic inflammatory response syndrome (SIRS), and both cases
experienced complications such as hypotension, acute Kidney injury, and pleural effusion. These findings
highlight the critical need for timely surgical intervention and comprehensive postoperative care, particularly
in cases involving linear FBs, to optimise outcomes and minimise the risk of severe complications. Of the 52
cases evaluated in this study, 43 (82.69%) were successfully discharged, while 9 cases (17.31%) succumbed
to complications during hospitalization. Additionally, 3 cases (6%) were reported to have died due to
complications after discharge. When minor and major postoperative complications were analysed, minor
complications—such as anorexia, pyrexia, bloody diarrhoea, paralytic ileus, vomiting, wound infection, and
incisional hernia—were observed in 21% (n=11) of the cases. Major complications, including septic peritonitis
and sepsis, were identified in 7.6% (n=4) of the cases. Among cases with linear GI FBs, minor complications
occurred in 42.85% (n=3), and major complications occurred in 57.15% (n=4), with all cases of septic
peritonitis and sepsis resulting in mortality. These findings differ from those reported by Hayes (2009),
Gollnick et al. (2023), and Miller et al. (2024) regarding the type and frequency of minor and major
complications. However, the observed mortality in all cases with peritonitis and sepsis aligns with previous
studies (Allen et al., 1992; Evans et al., 1994; Shales et al., 2005; Hayes, 2009). The higher frequency of
complications in this study compared to prior literature is likely attributable to the predominance of linear FB
cases and prolonged surgical intervention times. The increased complication and mortality rates in linear FB
cases appear to be associated with delayed presentation to the clinic and the subsequent development of septic
peritonitis due to intestinal perforation. The presence of postoperative complications, such as incisional hernia
and wound infection, highlights the critical importance of meticulous postoperative care. Moreover, the fact
that most deaths occurred within the first 48 hours post-surgery underscores the need for improved
postoperative critical care. While no significant differences were observed in age or breed between survivors
and nonsurvivors, mortality was significantly higher among cases with linear FBs (33.3%) compared to non-
linear FBs (16.1%). Perforation and peritonitis caused by multifocal localisation of linear FBs in the intestinal
system likely explain the increased mortality rate. All linear FB cases resulting in mortality (33.3%) exhibited
multifocal localisation, which contributed to longer surgical intervention times and increased contamination.

CONCLUSION

This study highlights the critical importance of early diagnosis and timely intervention in the clinical
management of GI FBs in cats. The results show that linear FBs in particular are associated with higher
complication rates, and septic peritonitis and mortality are more common in these cases. Mortality rates were
found to be higher in cases where surgical intervention was delayed, clearly demonstrating the negative effects
of late intervention. Our study supports the necessity of a multifaceted diagnostic approach combining
radiographic and ultrasonographic imaging methods to accurately localise FBs and determine the degree of
obstruction. In addition, electrolyte imbalances such as hypochloraemia, hyponatraemia, and hyperlactataemia
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were observed as important metabolic changes. These changes are thought to be due to prolonged vomiting,
dehydration, and impaired intestinal perfusion due to obstruction caused by FBs. Given the increased risk of
postoperative complications, meticulous management during surgery and intensive postoperative care are vital
to improve clinical outcomes.
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- ARTICLE
OZET INEO
Calismada Cihlidae ailesinden sar1 prenses (Labidochromis caeruleus), seker pembe (Aulonocara Gelis:

stuartgranti) ve yunus ciklit (Cyrtocara moorii)’in 20 ve 28 °C alistirma sicakliginda (AT) termal 02.10.2024
tolerans parametreleri ve bunlarin viicut biiyiikliigiine gore degisimleri belirlenmistir. Balik tirleri kaBuI'
arasinda sicaklik tolerans degerleri birbirine yakin olup, AT’ ye bagli olarak kritik diisiik sicaklik (CT min) 06.03 20'2 5
9,40 — 12,79 °C, kritik yiiksek sicaklik (CTmax) 35,40 — 39,87 °C arasinda saptanmistir. Bu verilere gore o

208 - 220 °C olarak hesaplanan TTP (thermal tolerance polygon) degeri, bu tiirlerin ait olduklar1 ailenin

karekterine uygun olarak dar bir sicaklik araligina (stenothermik) sahip oldugunu géstermektedir. Ug

ciklit tiirinde AT ile CTM degerleri arasinda pozitif bir iliski gdzlenmistir (P<0.05). AT nin 20°C’den

28 °C’ye ¢ikmast, baliklarin CTmin degerlerinde 2,56 ile 3,39 °C, CTmax degerlerinde 2,42 ile 3,17 °C

arasinda bir artiga neden olmustur. Bu degisime bagli olarak ARR (aligtirma tepki oran1) degerleritiirler

arasinda CTmin’de 0,32 ile 0,42, CTma’da 0,30 ile 0,40 arasinda bulunmustur. Nispeten diigiik

sayilabilecek bu degerler, bu tiirlerin sicaklik dalgalanmalarina karst duyarli olduguna isaret etmektedir.

Ug ciklit tiriinde 7-8 kat bir agirhik farkininher iki AT’de baliklarin ne diisiik ne de yiiksek sicaklik

tolerans1 tizerinde herhangi bir etkisinin olmadigi belirlenmistir (P > 0,05). Dolayisiyla, sucul

poikiloterm hayvanlarin kiigiik boyutlu bireylerinin yiiksek sicakliklarla bas etmede avantajli

olduklarina dair sav, bu ii¢ ciklit tiirii izerinde yapilan gézlemlerde dogrulanmamistir

Keywords: Labidochromis caeruleus, Aulonocara stuartgranti, Cyrtocara moorii, termal tolerans, balik biiyiikliigii

Thermal Tolerance Parameters of Three Species from the CichlidaeFamily at Two
Acclimation Temperatures and Their Changes According to Body Size

ABSTRACT

Received:
Thermal tolerance parameters of electric yellow cichlid (Labidochromis caeruleus), peacock cichlid (Aulonocara O2e;8 2%(;4

stuartgranti) and blue dolphin cichlid (Cyrtocara moorii) at 20 and 28 °C acclimation temperatures (AT) and their .
changes according to body size were determined in this study. Depending on AT, the critical low (CTmin) and high Accepted:
(CTmax) temperatures ranged from 9,40 to 12,79 °C and 35,40 to 39,87 °C, respectively. TTP (thermal tolerance 06.03.2025
polygon) value calculated as 208 - 220 °C shows that these species have a narrow temperature range (stenothermic).

A positive relationship was observed between AT and CTM values (P < 0.05). Increasing the AT from 20 to 28 °C

caused an increase in the CTmin values of the species between 2.56 and 3,39 °C, and in the CTmax values between

2,42 and 3,17 °C. Depending on this change, the ARR (acclimation response rate) values were found between 0,32

and 0,42 in CTmin and 0,30 and 0,40 in CTmax among species. A 7-8 fold weight difference in three cichlid species

did not affect either low or high-temperature tolerance of fish at both AT (P > 0.05). Therefore, the argument that

small-sized individuals of aquatic poikilotherms have an advantage in coping with high temperatures was not

observed in these three species.

Key words: Labidochromis caeruleus, Aulonocara stuartgranti, Cyrtocara moorii, thermal tolerance, fish size
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GIRIS

Balik gibi poikloterm hayvanlarda sicak 6nemli bir ¢evresel etmendir (Yoldas ve Erismis, 2022). Sicakliga
kars1 fazla bagimli olan bu hayvanlarin sicaklik tolerans parametrelerinin bilinmesi, bunlarin yagamlarinda
maruz kalacaklar1 ekstrem sicakliklara karsi gosterecekleri tepkilerin Ongoriilmesi, yeni habitatlara
adaptasyonlar1 veya iklim degisikligine karsi gosterebilecekleri hayatta kalma stratejileri ve taktiklerinin
kestirilmesi bakimindan 6nemlidir (Yanar ve ark., 2023). Bu bilgiler, yerli habitatlara bulagmis siis baliklar1
gibi egzotik tiirlerin mevcut sicaklik bariyerlerini asabilme ve Ureme becerileri gosterebilmelerinin
ongoriilmesi, ayrica olasi ekolojik risklerin tespiti konusunda saglikli bir degerlendirme yapilmasina olanak
saglar. Ozellikle siis baliklar, kiiresel gaptaki yogun ticaretleri nedeniyle yerli habitatlar i¢in potansiyel egzotik
tiirlerdir ve bu baliklarin sicaklik tolerans parametrelerinin tespiti bu agidan 6nemlidir. Diger yandan, sicaklik
tolerans parametreleri balik yetistiriciliginde tiir tercihi yapilirken dikkate alinan en 6nemli kriterlerden biridir.
Ozellikle sicaklik degisiminin fazla oldugu subtropikal bolgelerdeki tropik balik yetistiriciliginde bu
parametrelerin bilinmesi énemli fayda saglar. Bu nedenle gerek sucul ekosistem gerek balik yetistiriciligi
bakimindan balik tiirlerinin sicaklik toleransi ile ilgili bir veri tabanina gereksinim vardir. Buna ilaveten,
hayvanlarin sicaklik toleranslarinin, diger ¢evresel veya i¢sel etmenlerden nasil etkilendiginin de bu veri setine
eklenmesi gerekir. Giderek hizla artan endiistrilesme ve kentlesmenin kiiresel 1sinmayi artirdigi bilinmektedir.
Bu sicaklik degismelerine kars: tiirlerin viicut boyutlarinda gecirecekleri adaptif evrimsel degisiklikler 6nemli
bir aragtirma konusu olmustur. Viicut sicakliklarini diizenleme yeteneklerinden yoksun ve cevresel sicakliga
fazla bagimli olan poikloterm hayvanlarin sicaklik tolerans limitlerinin belirlenmesi, her gegen gun artma
egiliminde olan kiiresel i1sinmaya karsi verebilecekleri yanitlarin kestirimi agisindan onemlidir. Kiiresel
isinmanin getirdigi dogal secilim baskisinin poikloterm hayvanlarin viicut boyutunu kiigiiltmeye zorladigi
iddia edilmektedir (Angilletta ve Dunham, 2003; Daufresne ve ark., 2009; Sheridan ve Bickford, 2011; Horne
ve ark., 2015). Bunun nedeni, daha kii¢iik boyutlu olma, dolayisiyla daha dar bir yiizey alanina sahip olmanin
hayvanin oksijen gereksinimini azaltacagi i¢in, bu formasyonun kritik yiiksek sicakliklarda bir avantaj
olacagina dayandirilmistir (Atkinson ve ark., 2006; Pouly, 2010; Verberk ve ark., 2011; Leiva ve ark, 2019).
Nitekim, sucul poikloterm hayvanlarda yapilan bazi ¢aligmalarda kii¢iik boyutlu olmanin hayvanin yiiksek
sicaklikla bas etme sansini arttirdigini ileri stiriilmiistiir (Di Santo ve Lobel, 2016, Brans ve ark., 2017; Turko
ve ark., 2020). Ancak bu konu heniiz tartigmali olup, sicaklik ile viicut bityiikliigii arasindaki negatif iliski
bazi poikloterm hayvanlarda dogrulanmamistir (Barrionuevo ve Fernades, 1995; Ospinaand Mora, 2004;
Recsetar ve ark., 2012). Dolayistyla bu konunun daha pek ¢ok poikloterm hayvanlarda test edilmesine
gereksinim vardir.

Akuatik poikilotermik hayvanlarin alt (CTmin) Ve Ust (CTmax) sicaklik toleranslar limitlerinin belirlenmesinde
en yaygin kullanilan yontemlerden biri, kritik termal metodolojidir (CTM). ilk olarak Cowles ve Bogert (1944)
tarafindan ¢ol reptillerinin sicaklik tolerans limitlerinin belirlenmesi amactyla kullanilan bu metot, daha sonra
cesitli aragtirmacilar tarafindan (Cox, 1974; Spotila ve ark., 1979; Lutterschmidt ve Hutchison, 1997; Beitinger
ve ark, 2000) gelistirilerek baliklara ve diger poikloterm akuatik hayvanlara uygulanmistir. CTM verileri
hayvanlarin ekstrem sicaklik toleranslart konusunda mutlak bilgiler vermekten ziyade (Selong ve ark., 2001),
bu konuda goreceli olarak tiirler arasinda bir karsilagtirma olanagi saglar (Becker ve Genoway 1979; Beitinger
ve ark, 2000). Farkli alistirma sicakliklarinda elde edilen CTmin V& CTmax verilerinden tiretilen ARR (alistirma
tepki orani), hayvanin sicaklik dalgalanmalarina kars1 verdigi tepkiyi (Claussen, 1977; Diaz-Herrera ve ark.,
1998), TTP (termal tolerans poligonu) ise hayvanin yasadig: sicaklik araligimin genisligini ifade eder (Bennett
ve Beitinger, 1997). Bu parametreler 6zellikle hayvanlarin ekolojisi ve yayilislart konusunda saglikli bir
Ongorii ve kavrayis saglar.

Bu konuda taninmug siis baligi tiirlerine iligkin melek baligi (Pérez vd., 2003), japon baligi (Ford ve Beitinger,
2005), zebra baligin1 (Cortemeglia ve Beitinger, 2005) iceren az sayida ¢aligma literatiirde mevcuttur. Termal
tolerans parametrelerinin balik biiyiikliigiine bagh degisimleri Cichlid tiirlerinde ¢alisilmamistir. Bu ¢alismada
termal tolerans parametrelerinin, Cichlidae ailesinden sar1 prenses (L. caeruleus), seker pembe (A.
stuartgranti) ve yunus ciklit (C. moorii) tiirlerinde 20 ve 28 °C alistirma sicaklhiginda termal tolerans
parametreleri ve bunlarm viicut biiytikliigline gore degisimi belirlenmistir.
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MATERYAL VE YONTEM

Bu calismada deneysel kurgu Cichlidae ailesinden sar1 prenses (L. caeruleus), seker pembe (A. stuartgranti)
ve yunus ciklit (C. moorii) tiirleri ile gerceklestirilmistir. Calisma Cukurova Universitesi Su Uriinleri Fakiiltesi
Dr. Nazmi Tekelioglu Tath Su Isletmesinde yiiriitiilmiistiir. Her balik tiirii, aralarinda 7 - 8 kat agirlik farki
olan iki biyuklik gruba ayrilmig (Tablo 1) ve her grup igin 20 ve 28 °C olmak tizere iki alistirma sicaklig
temel alinarak baliklarin CTmin, CTmax, ARR ve TTP degerleri tespit edilmistir.

[t |2

Sekil 1. Deneme dizayn: gorseli

Baliklarin aklimasyonu

Tiirlerine ve biyiikliiklerine gore ayrilan baliklar 20 ve 28°C sicakligina sahip 100 L'lik akvaryumlara
kademeli olarak (glinde 1°C) alistirilarak burada 35 giin aklimasyonlar1 (alistirilmalari) saglandi. Bu siiregte
baliklar giinde ii¢ kez serbest yemleme yontemiyle akvaryum baliklarina 6zel bir yemle (Tetra - Minflake)
beslenmislerdir. Akvaryumlarin sulari merkezi bir hava motoruyla siirekli havalandirilarak oksijenlendirilmis,
sudaki oksijen diizeyi 6,4 mg/ L — 7 mg/ L araliginda 6l¢tilmiistiir. Akvaryum sular1 her giin sifonlanarak yem
artiklar1 ve digkilar ortamdan uzaklastirilmistir. Suyun pH degeri 7,7 — 7.9, sertligi ise 305 mg / L CaCO;
olarak 6lgulmiistiir. Aklimasyon boyunca baliklara 12 saat aydinlik ve 12 saat karanlik periyot uygulanmis,
aklimasyon periyodunun sonunda her biyiikliik grubundan rasgele 15 adet balik alinarak ortalama boy ve
agirliklart 6l¢iilerek deneme asamasina gecilmistir.

CTmin ve CTmax denemeSI

Aklimasyonun ardindan baliklar 24 saat a¢ birakilarak denemelerin gergeklestirilecegi, ayni sicakliklara sahip
10 L'lik akvaryumlara transfer edilmistir. CTmin V& CTmax denemelerinde her bir balik tiiriinden, her bir
aklimasyon sicakligi ve her bir boy grubu i¢in 5 adet balik kullanilmis ve denemeler Uc tekerrtrll
yuritilmistir. Boylece ¢alisma her bir balik tiiri i¢in 120, toplam 360 adet balikla tamamlanmustir.
Baliklarin CTin V& CTmax degerleri kritik termal metodoloji (CTM) uygulanarak belirlenmistir. Akvaryum
baliklar1 kiigiik boyutlu olduklari igin, ¢alisma Becker ve Genewoy (1979) tarafindan kiigiik baliklar icin
onerilen 0,3 °C / dk su degisim orani1 yontemiyle gerceklestirilmistir. Su baligin motor aktivitesi ve
koordinasyonunu yitirdigi ve denge kaybinin olustugu (LOE) ana kadar 1sitilmis (CTmax) Ve sogutulmustur
(CTmin). Denge kaybi igin baliklarin 1 dakikadan fazla dorso - vetral oryantasyonunu sirdiirememesi esas
alinmistir (Bennett ve Beitinger, 1997). Test akvaryumsularinin sicaklik seviyeleri, termostatli su 1siticisi
(Xilong AT - 700 / China) ve su sogutucusu (Resun 650 — CL / China) cihazlariyla diizenlenmistir.
Baliklarin bireysel olarak kaydedilen termal tolerans limitlerinin aritmetik ortalamasi, gruplarin termal tolerans
limitleri olarak not edilmistir. CTmin vVeya CTmax denemelerinden hemen sonra baliklar bulunduklart
akvaryumlardan alimip tekrar aklimasyon akvaryumlarina aktarilmis ve 96 saatlik yasama oranlar
kaydedilmistir. ARR degerlerinin hesaplanmasinda ACTM / AAT formiiliinden yararlanilmigtir (Claussen,
1977). Bennett ve Beitinger (1997) ve Eme ve Bennett (2009) tarafindan gelistirilen TTP, Yanar ve ark. (2019)
tarafindan Onerilen, koordinat sisteminde horizontal (Alistirma su sicakliklari) ve vertikal (CTmin V&€ CTmax)

nyn n.n

aksisler arasinda kalan yamuk alan formiiliine [(a + ¢) / 2 x h] gore hesaplanmigtir. Burada "a" ve "c¢" yamugun
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paralel kenarlarini, "h" yamugun yiiksekligini sembolize etmektedir. Bu yamuk formiliine gére TTP hesab1
"(CTmaxt - CTmin1)? + (CTmaxz - CTmin2)¢/ 2 x (AAT)"/ 2" formiilii ile hesaplanmaktadir.

Istatistiksel Analiz

Balik tiirlerinin biiyiikliik gruplari ve termal tolerans degerleri arasindaki istatistiksel farkliliklar1 SPSS
(versiyon 20.0) programinda, %5 6nem seviyesinde bagimsiz t-testi kullanilarak belirlenmistir. Ayrica sicaklik
ve CTM degerleri arasindaki korelasyon Pearson testi ile degerlendirilmistir. Makale metnindeki tim veriler
ortalama + standart sapma (SD) olarak ifade edilmistir.

BULGULAR

Test sonrasi baliklar tekrar alistirma su sicakligina alindiginda yasama oranit CTmin testi sonrasinda %100,
CTrmax testi sonrasinda ise % 86 — 93 arasinda gergeklesti. Balik tiiri ve biiyiikliigiine bakilmaksizin CTM
degerleri AT den 6nemli derecede etkilenmis ve aralarinda pozitif bir iliski gozlenmistir (P < 0,05). AT nin
20°C’den 28 °C’ye ¢ikmast, tiirlerin CTmin degerlerinde 2,56 ile 3,39 °C, CTmax degerlerinde 2,42 ile 3,17 °C
arasinda bir artisa neden olmustur (Tablo 1). Alistirma sicakligi ile CTmin ve CTmax degerleri arasinda
yapilan korelasyon testi anlamli bulunmustur (Pearson, P < 0,05). AT’ye bagli CTM degerlerindeki bu
degisimin matematiksel ifadesi olan ARR degerleri de bu artiga gore olusmustur. ARR degerleri tiirler arasinda
CTmin’de 0,32 ile 0,42, CTmax’da 0,30 ile 0,40 aras1 gergeklesmistir (Tablo 1).

Tablo 1. Balik biiyiikliigii ve alistirma sicakligina bagl termal tolerans parametreleri

. Biiyiikliik gruplari CThmin CTmax ARR TTP
Turler 20°C  28°C  20°C 28°C CTminCTmax  (C°)
Kigik
6,26+0,28 cm 9.59 12.76 35,96 38,41 0.40 031 208.08
3,63%0,49 g £ £070° £ * ’ ’ ’
A. stuartgranti 0,622 0,80  0,72°
Buyik
11,59+0.49¢m 081 1269 3627 3866 . a0 20072
28,30+2,81 g + +0.67° + + ! ! !
0,662 0,742  0,84°
ortalama 9,70 12,72 36,12 38,54 0,38 0,30 208,96
Kiglk
5.97+0 33cm 943 1265 3728 3989 . aa oo0ag
3,79+0,44 g 0 £065 £ * ’ ! !
L. caeruleus 0,742 0.73*  0,90°
Buyik
10,78+0,32cm 9037 1293 3762 3985 . .6 0068
25,39+1,75 g o £087" & * ’ ’ ’
0,772 0,922 0,84°
ortalama 9,40 12,79 37,45 39,87 0,42 0,30 220,52
Kigik
6.100,18 cm 048 1222 3527 3849 .0 . s
3,58+0,24 g + +0.84° + + ’ ! !
C. moorii 0.662 0,612  0,84°
Biyuk
11,94+0.55 cm 983 1219 353 /ES (o0 (a5 ypgp
29,21#352 g + + + +
0,652 0,59° 0,708 0,82°
ortalama 9,65 12,21 3540 38,57 0,32 0,40 209,24

Her satirda her biiytikliik grubunun aligtirma sicakliklart arasindaki termal tolerans farkliliklart ve her siitunda biiyiikliik gruplarmm arasindaki termal tolerans
farkhliklarifarkls harflerle gosterilmistin(p < 0.05).

MJAVL Volume 15 (Issue 1) © 2025 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

48

Evliyaoglu et al. | Manas Journal of Agriculture Veterinary and Life Sciences 15 (1) (2025) 44-52

TARTISMA

Baliklar CTmin Ve CTmax testlerine benzer oldugu kadar farkli tepkiler de gosterdi. CTmin testinde su sicakligi
diistiikge baliklarin hareketlerinde 6nce yavaslama ve koordinasyonsuzluk, sonra denge kaybi olurken, CT max
testinde su sicakligi arttikga baliklarda hareketlilik artti, ardindan koordinasyonsuz hareketler ve denge kaybi
olugmustur. Dolayisiyla, ekstrem diisiik sicakliklara kiyasla, ekstrem yiiksek sicakliklara maruz kalma daha
oldiiriicii olmustur. Ust termal limitlerin 61diiriicii olmalarinin mekanizmasi canlinim homeostatik durumundaki
kararliligin bozulmasi olarak agiklanmaktadir. Bu duruma gore 1s1 stresi nedeniyle canli homeostazisinin
bozulma hizi ile canli homeostazisini korumak eyleme gecen biyolojik siireglerin hizi arasinda denge
bozulmakta ve organizma 1s1 stresine kars1 kendini koruyamaz hale gelmektedir (Ern ve ark., 2023; Jargensen
ve ark., 2021; @rsted, 2022). ARR, baligin sicaklik dalgalanmalarina karsi dayanikliligini ifade ettigi igin, sari
prenses tiirliniin soguk sulardaki dalgalanmalara (CTmin’de ARR, 0,42), yunus ciklit tiriiniin ise sicak sulardaki
dalgalanmalara (CTmax’da ARR, 0,40) kars1 diger ciklit tiirlerine kiyasla gorece daha esnek yanitlar vermeleri
beklenir. Bu ii¢ ciklit tiiriiniin ARR degerleri diger balik tiirlerine gore nispeten diisiik seviyededir. Ornegin,
farkl: ailelerden 13 balik tiirii tizerinde yapilan bir ¢alismada (Yanar ve ark., 2019) ARR degerleri CTmin’de
0,18 (Hypostomus plecostomus) ile 0.63 (Branchydanio rerio), CTmax’da ise 0,17 (Garra rufa) ile 0,67 (Puntius
tetrazona) arasinda bulunmustur. Tropik baliklar subtropik baliklara gore bulunduklart ortamin klimatik
kosullarinin bir geregi olarak daha az sicaklik dalgalanmalarina maruz kaldiklari i¢in daha diisiik bir ARR
degerine sahip olmalar1 (Diaz-Herrera ve ark.,1998; Diaz ve ark., 2004; Re ve ark., 2005; Yanar ve ark., 2019)
beklenen bir durumdur. Dolayisiyla, ciklit gibi tropik baliklarin ARR degerleri nispeten daha diisiik oldugu
icin, subtropikal bolgelerde mevsim gecislerindeki sicaklik dalgalanmalarindan fazla etkilenecegi dikkate
alinmalidir.
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Sekil 2. A. stuartgranti 'nin termal tolerans poligon alani (TTP)

MJAVL Volume 15 (Issue 1) © 2025 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

49

Evliyaoglu et al. | Manas Journal of Agriculture Veterinary and Life Sciences 15 (1) (2025) 44-52

=
n

) L
< L

—— CT min

o]
n

o]
<

—— CT max
15

Termal tolerans (°C)

—_—
th O

=

18 20 22 24 26 28 30
Alistirma Sicaklhigir (°C)

Sekil 3. L. caeruleus 'un termal tolerans poligon alani (TTP)
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Sekil 4. C. moorii’nin termal tolerans poligon alant (TTP)

Balik tiirleri arasindaki sicaklik tolerans degerleri birbirlerine yakin olup CTmin, 20°C AT de 9,40 — 9,70, 28
°C AT de 12,21 — 12,79 iken, CTmax, 20 °C de 35,40 — 37,45, 28 AT de 38,54 — 39,87 arasinda ger¢eklesmistir.
Seker pembe tiriiniin CTM degerleri ilk olarak bu caligmada gosterilmistir. Baliklarin CTmin V& CTmax
degerlerinin gorece yiiksek ¢ikmasi, diger bir ifadeyle yiksek sicakliklara karsi dayanikli, diisiik sicakliklara
kars1 dayaniksiz olmalari, ciklit gibi tropik balik tiirlerinde beklenen bir sonugtur. Benzer kosullarinda yapilan
bir ¢aligmada (Yanar ve ark., 2019), 20 ve 28 °C AT’de yunus ciklit tiirlinde CTmin sirasiyla 9.20 ve 12,22 °C,
CTmax 35,75 ve 38,95 °C; sari prenses tiirtinde CTmin 9,77 ve 13,06°C, CTmax 37,96 ve 40,00 °C olarak tespit
edilmis olup, bizim bulgularimiz bu arastirmanin bulgularina yakindir. En genis sicaklik araligina sahip balik
trleri ise 1 — 3 °C CTmin Ve 40 — 45 °C CTmax degerleri ile Cyprinodon’lara aittir (Beitinger ve ark., 2000).

Hayvanin yasayacag sicaklik araliginin genisligini ifade eden TTP degeri, bu ¢alismada tiirler arasinda 208
ile 220 °C arasinda hesaplanmistir (Tablo 1). Bu degerler, 6zellikle subtropikal balik tiirleriyle karsilagtirilirsa
oldukea diisiik seviyededir. Ornegin, Cyprinidlerden japon baliginda 281 °C, koi’de 267,2 °C, zebra’da 261,3
°C olarak belirlenmistir (Yanar ve ark., 2019). Dolayisiyla ¢alismamizda da goriildiigi gibi ti¢ ciklit tiiriiniin
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de sicaklik araliklart dar (Sekil 2, 3 ve 4), diger bir ifadeyle termal plastisiteleri diisiik (stenotermal) oldugu
i¢in, diinyadaki yayilimlar1 da sinirli olacaktir.

Bu calismanin ana konusu baligin viicut biiyiikliigii ile sicaklik toleransi arasindaki iligkidir. Her ii¢ ciklit
tlrinde, 7 - 8 kata varan agirlik farkinin her iki AT de baligin gerek disiik sicaklik (CTmin) gerek yiiksek
sicaklik (CTmax) toleransi lizerine bir etkisi olmamustir (P > 0,05) (Tablo 1). Cichlidae ailesi tiirleri {izerinde
bu konu ilk defa bu ¢alismada arastirilmistir. Poikloterm hayvanlarda viicut biiyiikliigii ile yiiksek sicaklik
toleransi arasindaki negatif bir iliski oldugu iddia edilse de (Kraskura ve ark., 2023) bu konu tartigmali olup,
tiim tiirlerde heniiz kanitlanmamustir. Daha dar bir yiizey alana sahip olma hayvanda oksijen tasarrufu sagladigi
icin (Atkinson ve ark., 2006; Pouly, 2010; Verberk ve ark., 2011; Leiva ve ark., 2019), kiiresel 1sinmanin
etkisiyle poikloterm hayvanlarin viicut boyutunda degisiklikler meydana geldigi, hayvanlarin boyutlarinimn
kii¢iilme egiliminde oldugu bildirilmistir (Angilletta ve Dunham, 2003; Daufresne ve ark., 2009; Sheridan ve
Bickford, 2011; Horne ve ark., 2015). Di Santo ve Lobel (2017), Elacatinus oceanops ve E. lobeli turlerinde
kiigiik boyutlu olmanin hayvanin yiiksek sicaklikla bas etme sansin1 arttirdigini ileri stirmiislerdir. Keza Brans
ve ark. (2017), kentsel yasam alanlarinda yasayan su pirelerinin (Daphnia magna) sicakligin artmasiyla
boyutlarim kiigiilterek yiiksek sicakliga karsi toleranslarini yiikselttiklerini gézlemlemislerdir. Turko ve ark.
(2020), Clinostomu selongatus balik tiirleri yavrularin yetiskinlere gore diisiik ve yiiksek sicakliklara karsi
daha dayanikli oldugunu bildirmislerdir. Ancak, yukarida kisaca deginilen yiiksek sicaklik ile viicut biiytikliigii
arasindaki negatif iliski, bizim ii¢ ciklit tlirlinde vardigimiz sonucglara benzer sekilde bazi arastirmacilar
tarafindan baz1 akuatik poikloterm tiirlerde dogrulanmamistir. Barrionuevo ve Fernades (1995), Prochiludos
scofra’da viicut boyutunun CTmin lizerinde etkili oldugu, fakat CTmax lizerinde etkili olmadigini rapor
etmislerdir. Ospina ve Mora (2004) tarafindan Gorgona adasina ait (tropik dogu pasifik okyanusu) 7 resif balik
tiiriinde yapilan bir ¢alismada, viicut biiyiikliigii ile termal tolerans arasinda bir iliski bulunmamistir. Diger
yandan, Recsetar ve ark., (2012), Oreochromis niloticus (35-206-mm), Ictalurus punctatus (62—264 mm),
Oncorhynchus mykiss (41-200 mm) ve Micropterus salmoides (72-266 mm) tiirlerinde balik boyutu ile CTmax
arasinda anlaml bir iligki bulamazken, O.clarkiivirginalis (36-181 mm) ile O.gilaeapache (40-220-mm) alt
tiirlerinde negatif bir iliski bulmuslardir. Ancak bu farkliligin olduk¢a kiigiik (yaklasik 1 °C) oldugu not
edilmistir.

SONUC

Sar1 prenses, seker pembe ve yunus ciklit tiirlerinin sicaklik tolerans degerleri birbirlerine yakin olup, AT’ ye
bagli olarak kritik diisiik sicaklik (CTmin) 9,40 - 12,79 °C (CTmin), kritik yiiksek sicaklik 35,40 - 39,87 °C
civarindadir. CTM verilerine gore hesaplanan termal tolerans poligonigonu (TTP) nispeten diisiik olup (208 -
220 °C), her ii¢ balik tiirii ait oldugu ailenin karakterine uygun olarak, kismen dar bir sicaklik araligina
(stenotermik) sahiptir. Bu baliklar subtropikal bolgelerde sicakligin 8 - 10 °C ye kadar diistiigii kis mevsimini
ilave bir 1sitma destegi olmadan atlatamazlar. Balik yetistiricileri tiir tercihinde bulunurken baliklarin bu diisiik
sicaklik tolerans degerlerini g6z 6niinde bulundurmali veya gerekli 1sitma 6nlemlerini almalidirlar.

Ug ciklit tiiriinde AT ile CTM degerleri arasinda pozitif bir iliski gdzlenmis olup, AT nin 20°C’den 28 °C’ye
¢ikmasi, tiirlerin CTmin degerlerinde 2,56 ile 3,39 °C, CTmax degerlerinde 2,42 ile 3,17 °C arasinda bir artisa
neden olmustur. Bu degerlere gore hesaplanan alistirma tepki oranlarinin (ARR) gorece diisiik olmasi (0,30 -
0,42), bu tiirlerin sicaklik dalgalanmalarina karsi hassas olduguna gostermektedir. Dolayisiyla bu tiirler
mevsim gegislerindeki sicaklik dalgalanmalarindan fazla etkilenirler.

Ug ciklit tiriinde 7 - 8 kata varan agirhik farkinin her iki AT de baliklarin gerek diisiik sicaklik, gerek yiiksek
sicaklik toleransi iizerinde bir etkisi olmamustir (P > 0,05). Dolayisiyla, sucul poikloterm hayvanlarda yuksek
sicakliklarla bas etmede viicut boyutunun kiiciik olmasmin bir avantaj saglamasi savi, bu tiirlerde
goriilmemistir. Sonug olarak, viicut biytklugi ile sicaklik toleransi arasindaki iliskinin aydinlatilmasi igin
daha pek ¢ok tiir Uzerinde ¢aligmalara gereksinim vardir.

Etik Standart ile Uyumluluk Cikar ¢atismasi
Bu arastirma ¢aligmasi aragtirma ve yayn etigine uygundur.

CIKAR CATISMASI
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ARTICLE

ABSTRACT INFO

The high economic value of tomatoes in our country, as well as all over the world, has made them the

subject of many studies from cultivation to breeding. Breeding programs and new varieties are receiving Received:
intense interest in line with changing producer and consumer demands. In the experiment, 20 F1 village 03.09.2024
tomato variety candidates which were determined to be promising in previous field trials were evaluated. Accepted:
The experiment was established in Selcuk University, Faculty of Agriculture, Department of  23.12.2024
Horticulture, Department of Vegetable Breeding Research and Application Plot according to the

randomised plots experimental design.. In the grown plants; yield per plant, number of fruits per plant,

average fruit weight, fruit length, fruit width, pericarp thickness, carpel length, fruit hardness, fruit color

and brix measurements were made. Among the candidate varieties, the highest yield per plant was K11

with 5744.50 g/plant, the number of fruits per plant was K11 with 40.00 pieces/plant, the average fruit

weight was 242.77 g, the fruit length and width were 67.59 mm and 83.30 mm, respectively, K2, the

highest fruit hardness was 4.90 with K11, and the candidate variety was K13 with 6.26% TSS. As a

result of the study, it is thought that the candidate varieties K13 and K18 can be taken to yield trials in

different locations.

Keywords: Breeding programs, locations, grown plants

Bazi F1 Domates Cesit Adaylarinin Konya Ekolojik Kosullarinda Verim ve Meyve
Ozelliklerinin Belirlenmesi

MAKALE

BILGisi
OZET Gelis:
Domatesin tim diinyada oldugu gibi tlkemizde de ekonomik degerinin yiiksek olmasi, 03.09.2024
yetistiriciliginden 1slahina kadar bir¢ok arastirmaya konu olmasint saglamistir. Degisen iiretici ve Kabul:

tilketici talepleri dogrultusunda 1slah programlart ve yeni gesitler yogun bir ilgi gormektedir. 23.12.2024
Denemede daha dnceki arazi denemelerinde imit var olarak belirlenmis 20 adet F1 kdy domatesi ¢esit
aday1 degerlendirilmeye calisilmistir. Selcuk Universitesi Ziraat Fakiiltesi Bahge Bitkileri Boliimii
Sebze Yetistirme Islah1 aragtirma ve uygulama parselinde tesaduf parselleri deneme desenine gore
kurulmustur. Yetistirilen bitkilerde; bitki basina verim, bitki basina meyve sayisi, ortalama meyve
agirligl, meyve uzunlugu, meyve genisligi, perikarp kalinligi, karpel uzunlugu, meyve sertligi, meyve
rengi ve brix dl¢limleri yapilmistir. Cesit adaylarinda bitki basina verimde 5744,50 g/bitki ile en
yiiksek K11 ¢esit adayi, bitki basina meyve sayis1 40,00 adet/ bitki ile K11, ortalama meyve agirliginda
242,77 g ile K2, meyve uzunlugu ve genisliginde sirasiyla 67,59 mm ve 83,30 mm ile K2, meyve
sertligi en yiiksek 4,90 ile K11 ve % 6,26 SCKM ile K13 kodlu ¢esit adaylar1 ilk siralarda yer
almiglardir. Caligma sonucunda K11 ve K5 ¢esit adaylarinin farkli lokasyonlarda verim denemelerine
alinabilecegi diisliniilmektedir.

Anahtar kelimeler: Islah programlari, Lokasyonlar, Yetistirilen bitkiler
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INTRODUCTION

Tomato belongs to the Lycopersicon genus of the Solanacea family and is a warm climate vegetable produced
and consumed in almost every season in many countries of the world. Tomato is a rich source of minerals,
vitamins, organic acids, essential amino acids and dietary fiber. It is also a source of vitamin A, vitamin C and
potassium, and also contains minerals such as iron and phosphorus. Due to its content, tomato consumption
has been shown to have positive effects on reducing the risk of diseases such as cancer, diabetes and
cardiovascular disease (Krauss et al., 2006; Li et al., 2018; Ray et al., 2011; Sénmez & Ellialtioglu, 2014).
According to FAO statistics, approximately 190 million tonnes of tomatoes are produced in the world (FAO,
2022). Approximately 31.5 million tons of production was realized in Turkey in 2022. The largest share in
vegetable production belongs to tomatoes (41-42%). According to the latest data, the amount of tomato
production in Turkey is approximately 13 million tons (TUIK, 2022). Although there are differences in tomato
production in Turkey over the years, it is understood that 70% of it is done in the open and 30% under cover
(Gliveng, 2019).

The F1 hybrid variety is formed as a result of the crossbreeding of two different purified lines and provides
higher total yield and earliness than its parents and standard varieties. In addition to their high adaptability,
they are also seen to carry more disease and pest resistance genes than their parents (Celik et al., 2022).
Developing hybrid varieties in tomato breeding consists of the following stages: creating a population with a
wide genetic diversity, selfing of lines (purifying for homozygosity), determining the morphological,
phenotypic and agronomic characteristics of the lines, testing and evaluating the general and specific
combination abilities of the lines, setting up field trials, selecting varieties that are equivalent to or higher than
commercial varieties on the market, and seed production (Zengin et al., 2015). As with many plant species,
producer and consumer demands can change in tomatoes, and genetic diversity must be preserved in order to
develop varieties that will adapt to this change. The most important indicator of this diversity is perceived as
the diversity in morphological structure. Because it is very important to know the variations found in cultivated
species and to apply the distribution of this variation to breeding programs (Bliss, 1981). When aiming to
obtain a hybrid variety, it is important to know the variation of the genotypes in the gene pool being studied,
however, the presence of genotypes with a very distant degree of relatedness from each other indicates that the
chance of achieving hybrid strength is higher (Gézen, 2008).

This study was carried out to determine some yield and yield components of some F1 tomato candidate
varieties in the ecological conditions of Konya province

MATERIALS AND METHODS

The study was carried out between May and September 2021 in the research and application area of Selguk
University Faculty of Agriculture and 20 F1 village type tomato variety candidates developed by SELKO
ARGE company were used. The research was established according to the randomized plots trial design with
10 plants from each variety and 3 replications. Some climate data of the trial year are given in Table 1. As a
result of the soil analysis, it was determined that pH was 7.8, organic matter was 1.2% and the soil had no
salinity problem and had a clayey-loamy structure.

Table 1. Some climate data of the study area

Months Max. Min. Average Average Precipitation (mm)
Heat. Heat. Temp. (°C) Wind Speed
Q) (W) (m/s™)
May 359 6.7 18.4 24 25
June 40.3 11.2 21.6 0.8 1.4
July 36.2 131 23.8 2.8 5.8
August 352 12.8 23.7 24 134
September 30.2 4.9 17.3 2.3 14.4
MJAVL Volume 14 (Issue 2) © 2025 https://dergipark.org.tr/en/pub/mjavl

Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

55

Ari et al. | Manas Journal of Agriculture Veterinary and Life Sciences 15(1) (2025) 53-61

After laying drip irrigation pipes on the land where soil was cultivated in early spring, plots were created on
May 5, 2021 with 100 cm between rows and 50 cm between rows. Irrigation was done with drip irrigation
system at 5-7 day intervals according to the needs of the plant. When the plants reached a certain height, throat
filling process was done and hoeing was done 3 times according to the weed development. During the growing
period, 8 kg/da N, 10 kg/da POO2 and 10 kg/da K20 were applied. In the candidate varieties, fruits that reached
harvest size were harvested separately from each parcel. The first harvest was made on July 18, and the trial
was terminated after a total of 3 harvests. In order to make measurements and observations on the fruit, 10
fruits representing the genotype were sampled and the necessary measurements and observations were made.

Within the scope of the study; yield per plant (g), number of fruits (piece/plant), fruit weight (g), fruit length
(cm), fruit diameter (mm), pericarp thickness (mm), carpel length (cm), fruit hardness, fruit color values (L, a,
b), TSS (brix) measurements were carried out.

In the experiment, yield and fruit measurements taken from 20 F1 village tomato variety candidates were
subjected to principal components analysis (PCA) in the JMP-17 computer package program. The distinctions
between genotypes were determined by examining the Score Plot graph created in line with the components
obtained because of the analysis. The standard deviations of the measurements taken were calculated and
interpreted, and the data were evaluated.

RESULTS AND DISCUSSION

Yield and fruit measurements of hybrid tomato variety candidates are given in Table 2. While the yields per
plant of the candidate varieties varied between 5744 g (K11) and 923 g (K16), the average yield per plant was
found to be 2729 g. When the number of fruits per plant of the candidate varieties was examined, the highest
number of fruits was measured in the candidate variety K11 with 40 pieces, similar to the yield parameter,
while the lowest number of fruits was in the candidate variety K16 (6.40) The average fruit weight of the
candidate varieties was measured as 146.14 g. The lowest fruit weight was measured in candidate variety K17,
while the highest was measured in candidate variety K2 (72.11 g and 242 g, respectively).. While the average
fruit length of the candidate varieties was measured as 54.01 mm; the shortest candidate varieties were K1
(47.21 mm), K8 (49.33 mm), K23 (49.26 mm); the longest was K2 (67.58 mm). Fruit diameter was measured
in tomatoes and the average of the variety candidates was found to be 67.59 mm. The candidates with the
smallest fruit diameters were found to be K9, K12 and K4 (60.34, 60.87 and 61.72 mm), and the widest fruit
diameters were observed for varieties K2 and K18 (83.31 and 80.66 mm, respectively) . The average pericarp
thickness of the candidate varieties was measured as 2.95 mm, with candidate number K9 being the smallest
(2.19 mm) and candidates numbered K20 and K12 being the largest (3.68, 3.57 mm). In a study, they observed
the average fruit weight, total yield, fruit length and fruit width of 20 tomato lines in the F6 generation in order
to determine the fruit and quality characteristics. They stated that it was 14.93 t/da, 200.80-384.00 g, 53.68-
75.05 mm and 71.95-98.29 mm, 6.60 respectively. In addition, it was found that the fruit flesh firmness values
of tomato lines varied between 0.41-1.32 kg/cm?; brix values were 6.10-9.60%; vitamin C values were between
20.03-25.57 mg/100 g; total phenolic content was between 13.28-30.72 mg/100 g; lycopene content was
between 4.69-9.68 mg/100 g, and beta carotene content was between 0.83-2.17 mg/100 g (Demir, 2024). In a
study conducted by (Aktas, 2020), they observed the effects of different rootstocks on plant growth, fruit
guality and yield in tomato plants. They stated that the use of rootstock affected the parameters of fruit
firmness, distance between bunches, number of leaves, plant height, EC, pH, titratable acidity, TSS, fruit
height. (Dar & Sharma, 2011) They observed the effects of genetic variability, heredity and genetic advantage
on yield and fruit quality of tomato with 60 tomato genotypes and they clearly saw that heredity had a
significant effect on the amounts of B-carotene, vitamin C and lycopene and thus they concluded that these
traits could be improved in the lines to be crossed.
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Table 2. Yield and fruit measurements of a variety of candidates

Candidates Yield per Number of fruits Fruit Fruit length Fruit diameter  Pericarp thickness
plant (g) per plant weight (g) (mm) (mm) (mm)

K1 3119.44 22.78 136.95 47.21+1.50 70.04+0.59 3.05+0.42
K2 2030.45 8.36 242.77 67.58+3.02 83.31+9.58 3.49+0.57
K4 1952.78 14.44 135.19 50.48+2.40 61.72+2.30 3.25%0.82
K5 4637.50 29.60 156.67 50.18+2.95 63.16+2.91 2.72+0.65
K6 2910.56 19.78 147.16 50.67+4.92 65.48+6.19 3.02+0.45
K8 2486.00 18.30 135.84 49.33+1.25 64.86+1.35 2.99+0.33
K9 2423.00 18.80 128.88 57.27+4.64 60.34+10.31 2.19+0.34
K11 5744.70 40.00 143.61 54.26+2.24 72.62+5.99 3.15+0.60
K12 2596.30 21.40 121.32 49.01£3.62 60.87+4.15 3.57+0.66
K13 2837.22 16.78 169.10 57.57+6.08 67.21+5.97 2.78+0.43
K14 3018.33 25.11 120.19 54.18+3.25 66.60+8.05 3.37+0.68
K15 3185.00 26.90 118.40 52.19+1.33 64.37+5.31 2.35+0.68
K16 923.00 6.40 144.21 55.31+3.36 66.08+1.34 2.75+1.35
K17 2366.82 32.82 72.11 54.86+3.74 65.59+4.25 2.65+0.43
K18 3128.50 16.80 186.22 59.41+5.10 80.66+4.91 2.58+0.38
K20 2732.22 19.11 142.96 55.05+4.19 66.17+3.70 3.68+0.47
K21 1632.58 13.84 117.97 57.1942.95 65.26+5.13 2.49+0.62
K23 2486.50 15.40 161.46 49.26£7.57 68.18+13.98 3.12+0.51
K24 2008.50 13.30 151.01 56.32+2.99 64,83+1,22 2.43+0.87
K25 2364.50 12.40 190.68 54.67+4.02 74.56+4.82 3.37+0.59
Average 2729.20 19.62 146.14 54.01 67.59 2.95

Other fruit measurements of tomato variety candidates are given in Table 3. When the carpel lengths were
examined from the table, it was seen that the average was 7.58 mm. Variety candidates K9 and K23 were
measured as the shortest with 6.52 mm and 6.55 mm, respectively; while variety candidates K24 and K1 were
measured as the longest with 8.58 mm and 8.53 mm, respectively. When fruit firmness was examined, it was
seen that the average of the variety candidates was 2.09, while candidates K9 and K20 were determined to
have the softest fruits (0.50 and 0.70), and candidates K11 and K5 were determined to have the hardest fruits
(4.90 and 4.30). Tomato fruit colour was measured by Konica Minolta CR 200 colourimeter as L, a" and b*
values. L indicates the lightness or darkness of the colour from black: 0 to white: 100'a*, while a* and b*
determine the colour in a* colour plane perpendicular to L. On the horizontal axis, positive a* indicates red
and negative a* indicates green; on the vertical axis, positive b* indicates yellow and negative b* indicates
blue.While the average of L values of the variety candidates was determined as 40.94, the lowest L value was
measured as 35.27 (K15), and the highest as 45.60 and 45.27 (K2, K23). The average of a* value from the
color values was 28.59. It was observed that the K2 variety candidate had the lowest values with 19.79, while
the K5 and K8 varieties demonstrated the highest values 32.44 and 32.78, respectively. The average of the
color b* value was 26.95, the lowest was measured as 21.35 (K15), and the highest was measured as 33.90
(K2). The average of the TSS amount of the tomato variety candidates in the study was 5.41. In a
characterisation study carried out in 14 different genotypes at S2 stage, the L value expressing the lightness-
darkness of tomato fruit was the highest in genotype D1 and the lowest in genotype S1. The highest positive a
value expressing redness was measured in genotype E1 and the lowest in genotype KH1 (Giingér, 2023). The
highest TSS amount was measured in the variety candidates K13, K8 and K6 (6.26, 6.10, 6.08, respectively).
In a study conducted in two different places under open field conditions, it was observed that the L value of 7
tomato genotypes varied between 41.29-27.54, a value between 26.81-18.02 and b value between 29.57-12.89
in terms of morphological, physiological, chemical and yield characteristics. It was also stated that the SCKM
values varied between 4.97 and 5.93 (Ozbay, 2021). In another study, some morphological and pomological
characteristics were examined in 14 tomato genotypes in the S2 stage taken from different regions of Kirsehir
province. The obtained data were subjected to cluster analysis and examined in four separate groups. The first
group included the K5, K2 and K3 genotypes with red fruit color and standard round, the second group included
the red but small-sized P1, S1, A1, AT1 and K4 tomato genotypes. The third group included the genotypes
K1, MS1 D1 and K6 beef type with fruit weights over 140 g, and the fourth group included beef type KH1 and
E1 tomato genotypes with pink fruit color (Guingdr, 2023). (Goliik¢ti M, 2018) determined that there were
significant differences in some physical and chemical properties in a study they conducted to compare the
quality traits of six parent and parent lines and three tomato varieties developed as a result of their
crossbreeding. As a result of the research, it was determined that variations could be created in quality traits
such as sugar composition, lycopene content and color of tomatoes with crossbreeding studies. In the study
conducted by (Sonmez, Ellialtioglu, & Oguz, 2015), 37 local tomato populations were examined in terms of
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26 traits, and among these traits, perceptual traits such as fruit weight, fruit shape, rind thickness, rind color
(Chroma), color tone (Hue) and lycopene content were determined as selection criteria and scored. Five
accessions that have the potential to be used in breeding studies in terms of fruit characteristics, color and
lycopene content were identified.

Table 3. Fruit measurements of a variety of candidates

Candidates Carpel length Fruit Fruit color L Fruit color a*  Fruit color b* TSSC
(mm) firmness value value value

K1 8.53+1.04 1.18+1.86 42.33+1.72 26.10+2.73 26.65+1.46 5.52+0.93
K2 7.35+0.64 3.82+3.32 45.60+3.68 19.79+4.94 33.90+2.93 5.28+0.08
K4 8.14+1.25 2.10+3.58 44.05+2.13 26.48+3.44 29.40+2.86 4.62+0.84
K5 8.15+0.58 4.30+2.05 39.48+3.35 32.44+2.90 26.32+1.39 5.33+0.20
K6 7.39+0.73 2.90+1.14 38.39+3.64 30.86+3.26 27.61+3.91 6.08+0.84
K8 7.51+0.92 1.50+0.71 43.40+3.12 32.78+2.41 26.57+4.19 6.10+0.32
K9 6.52+1.24 0.50+0.00 39,05+2.43 28.37+0.73 25.82+1.51 6.02+0.51
K11 8.35+0.58 4.90+2.70 39.14+2 .46 28.96+4.26 24.75+2.12 5.66+0.23
K12 7.06+0.66 2.20%1.20 44.11+3.45 28.66+1.73 26.25+1.32 5.76+0.48
K13 7.83+0.78 1.70£1.30 39.87+4.90 28.34+3.03 25.91+3.64 6.26+0.55
K14 7.51+0.25 1.50+1.22 38.16+2.60 29.7845.66 26.05+4.29 5.26+0.21
K15 7.10+0.28 2.30%2.17 35.27+2.26 25.55+1.73 21.35+1.60 5.28+0.64
K16 7.53+1.73 2.30+1.64 39.08+3.83 29.90+6.70 25.88+3.92 5.26+0.17
K17 7.07£1.45 2.70£2.05 42.04+4.32 29.03£1.89 26.41+1.56 4.98+0.29
K18 8.32+1.48 1.10+0.89 37.89+1.87 30.46+3.74 24.73+2.68 5.20+0.19
K20 7.39+1.11 0.70+0.45 41.56+2.70 26.16+2.34 25.34+4.06 5.24+0.36
K21 7.19+1.02 1.50+1.00 37.91+1.56 30.68+1.90 27.04+2.77 4.52+0.76
K23 6.55+1.92 2.10£1.95 45.57+3.49 29.34+2.14 29.55+4.09 4.88+0.51
K24 8.58+0.65 1.30+0.84 42.73+£2.55 28.46+2.56 30.98+4.42 5.60+0.51
K25 7.53+0.92 1.10+0.89 43.26+1.93 29.77+3.81 28.55+1.92 5.26+0.39
Average 7.58 2.09 40.94 28.59 26.95 5.41

In the experiment, yield and fruit measurements taken from 20 F1 village tomato variety candidates were
subjected to PCA analysis to determine the important measurements that separate the genotypes from each
other (Table 4). As a result of PCA, the data was explained at a high rate of %100 in 12 components (Table
4). When the results were examined, the first component explained 31,14% of the study, C,D,E,F,G,l and K
parameters were explained positively. The second component explained 19,62% of the study, A and B were
the positively explained parameters, while | was the negatively explained parameters. The third component
explained 13,49% of the study, A, B, F and H were the positively explained parameters, while C be negatively.

The fourth component explained 9,37% of the study, and A, C and G were the parameters that explained
positively, and B and D awere the parameters that explained negatively. When the fifth component was
examined, 7,80% of the study was explained, and there were features that explained D in the positive direction,
and F and H in the positive direction (Table 4). The sixth component explained 6,104 of the study, with A in
the negative direction and C and D in the positive direction. Bhattarai et al. (2016) obtained 5 principal
component axes in 71 tomato genotypes and were reported to explain more than 92% of the total variation. In
a study, they reported that it explained 63.35% of the total variation (Jin et al., 2019).. Zhou et al. (2015)
reported that they explained 78.54% of the total variation. Figas et al. (2015) reported that the total variation
in the first and second components of PCA in tomato genotypes Cherry, Borseta, Cor, Penjar, Plana, Pruna,
Redona and Valenciana was 22.6% and 11.8%, respectively.

MJAVL Volume 14 (Issue 2) © 2025 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

Ari et al. | Manas Journal of Agriculture Veterinary and Life Sciences 15(1) (2025) 53-61

58

Table 4. Principal component analysis of yield, quality and morphological characteristics of Some F1
Tomato Variety Candidatesin Konya ecological conditions

Number Eigenvalue Percent Cum Percent
1 3,737293 31,144 N 31,144
2 2,355395 19,628 N 50,772
3 1,619828 13,499 N 64,271
4 1,125062 9,376 N 73,646
5 0,936182 7,802 \ 81,448
6 0,732504 6,104 \ 87,552
7 0,601450 5,012 \ 92,564
8 0,350531 2,921 \ 95,485
9 0,273362 2,278 \ 97,763
10 0,170408 1,420 99,183
11 0,092014 0,767 99,950
12 0,005972 0,050 100,000
Table 5. Basic declared analysis results basic declared axes
Prinl Prin2 Prin3 Prin4 Prin5 Prin6 Prin7 Prin8 Prin9 Prin10 Prinll Prinl2
A -0,24748 0,53813 0,05685 0,03270 0,06905 -0,06765 0,06771 0,19733 -0,22175 0,50218 0,04795 -0,53697
B -0,37069 0,35563 0,13171 -0,23985 0,10599 -0,03578 -0,12668 0,43503 0,12890 0,01890 -0,11536 0,64276
C 0,39928 0,25214 -0,16390 0,27247 0,04925 0,01499 0,26491 -0,19795 -0,42106 0,30897 0,17254 0,51125
D 0,31300 0,08764 -0,50388 -0,19397 0,16900 0,10408 -0,03779 0,18231 0,58733 0,22603 0,36092 -0,04968
E 0,32509 0,34554 -0,25820 -0,01934 -0,08844 -0,24924 0,31283 0,34564 -0,08819 -0,54909 -0,29840 -0,14931
F 0,21026 0,16910 0,51570 -0,01033 0,15166 -0,49770 0,25392 -0,31085 0,46430 0,09544 -0,06571 0,01817
G 0,00170 0,34017 -0,05017 0,38789 -0,64840 -0,12260 -0,46339 -0,13004 0,21400 -0,06669 0,10995 0,04335
H -0,02739 0,47216 0,13544 -0,29437 0,04230 0,58500 0,08398 -0,44092 0,04148 -0,32911 0,11440 -0,05219
I 0,32239 -0,04294 0,53760 0,09553 0,02166 0,11988 -0,10239 0,45632 -0,12298 -0,18696 0,55564 -0,06087
J -0,31471 -0,10637 0,03290 0,36406 -0,29871 0,27650 0,67953 0,17028 0,29613 0,02303 0,09575 0,04692
K 0,42255 -0,01429 0,22632 0,06416 -0,11762 0,45998 -0,11889 0,18619 0,13533 0,30991 -0,61389 -0,02171
L -0,10854 0,11261 -0,06219 0,66795 0,62964 0,11664 -0,19305 -0,00932 0,14127 -0,21451 -0,10512 -0,03287

A:Yield Per Plant; B:Number Of Fruit Per Plant; C:Fruit Weight;D: Fruit Length; E:Fruit Width; F:Thickness Of Pericarp; G:Carpel Length; H:Fruit
Firmness; I:Fruit Color L Value; J: Fruit Color a* Value; K:Fruit Color b* Value; L:Brix

It was reported that there was a positive correlation when the angle between the vectors was 90°, but there was
no significant correlation when the angle between the vectors was not 90° (Yan and Kang, 2003). When table
5 is analyzed, the highest positive correlation was found between fruit length and fruit width. On the other
hand, the highest negative correlation was found between yield per plant and fruit L colour.

The basic method in variety breeding studies is to select plants with the desired characteristics by creating a
wide genetic variation. Genetic materials with these characteristics determined as a result of analyses can help
to create a heterogeneous gene pool in tomato breeding studies.

It was observed that genotypes K18 and K13, which were in the positive region in both components, showed
superior characteristics in terms of yield and fruit quality and could be a promising variety candidate in tomato

studies.
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Figure 1. Score plot and loading plot graph

CONCLUSION

In this study, the performances of 20 hybrid tomato variety andidates developed by the private sector in terms
of fruit quality and yield elements were examined in detail. According to the measurements made, it was seen
that the variety candidates had different characteristics in terms of yield and quality parameters. . As a result
of the study, it was revealed that the K13, K2 and K18 variety candidates could be taken to yield trials in
different locations. According to the results obtained, it is predicted that examining the variety candidates in
terms of yield and fruit characteristics will be useful for the development of new varieties. It is thought that
these variety candidates can be grown in open field conditions in regions such as Konya ecology and will
contribute to the country's agriculture.
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ARTICLE
ABSTRACT INEO
Kalanchoe (Kalanchoe blossfeldiana Poelnn.), is an important potted indoor plant as well as an outdoor ornamental

plant and cut flower in recent years. Studies are being carried out using different breeding methods in order to  Received:
develop new varieties suitable for market needs. In vivo and in vitro mutation breeding studies are important for  10.09.2024
creating different genetic variations for this species, which is highly prone to mutation breeding. In in vitro mutation  Accepted:
applications, vegetative propagation methods are of critical importance in mass propagation of mutant single 1512 2024
individuals while preserving genetic stability. This study consists of two stages: First, development and

optimization of petal culture method in kalanchoe to provide in vitro vegetative propagation of mutant individuals,

and second, morphological observation of genetic stability in clones obtained by propagation via petal culture from

M1V4 kalanchoe mutant single plants obtained by using ionizing radiation. In vitro petal culture conditions were

determined for kalanchoe and it was determined that Murashige and Skoog (MS) nutrient medium containing 2.0

mg L thidiazuron (TDZ), 0.5 mg L 1-naphthalenacetic acid (NAA), 30 g L sucrose, 6 g L™ agar and pH 5.7

provided the best regeneration. In addition, after in vitro physical mutagen application, flowers were observed in

mutant individuals propagated up to M1V4 stage in laboratory conditions and transferred to external conditions.

Petals from plants with 4 different mutant flowers selected from these were cultured and propagated in vitro. As

control, petals from a commercial variety were used for micropropagation. The flowers of the clones obtained

showed homogeneity depending on whether the mutant flowers used as starting material were homogeneous or

chimeric in appearance. Following this study, in which the first findings on petal culture in kalanchoe were

obtained, studies are continuing to develop it comprehensively.

Key words: Kalanchoe, in vitro mutation, petal culture, TDZ, NAA, gamma ray

Kalanso’da (Kalanchoe blossfeldiana Poelnn.) Petal Kiiltiirii Yonteminin Gelistirilmesi ve In
Vitro Mutasyon Islah1 Calismalarinda Potansiyel Kullaniminin Arastirilmasi

- MAKALE
OZET BILGISI
Kalango (Kalanchoe blossfeldiana Poelnn.), 6nemli bir saksili i¢ mekan bitkisi oldugu gibi son yillarda dis mekén siis

bitkisi ve kesme ¢igek olarak da dne ¢ikmaktadir. Pazar ihtiyaglarina uygun yeni ¢esitlerin gelistirilmesi amaciyla farkli Gelis:
1slah yontemleri kullanilarak calismalar yiiriitilmektedir. Mutasyon 1slahina oldukga yatkin olan bu tiir igin farkli genetik 1. 09.2024
varyasyonlar olusturmak amactyla in vivo ve in vitro mutasyon 1slah ¢alismalar1 6nem tagimaktadir. In vitro mutasyon Kabul:

uygulamalarinda vegetatif cogaltim yontemleri, mutant tek bireylerin genetik stabiliteyi koruyarak kitlesel ¢ogaltimmnin
yapilmasinda kritik 6neme sahiptir. Bu ¢aligsma iki agamadan olugmaktadir. Birincisi mutant bireylerin in vitro vegetatif
¢ogaltimini saglamak {izere kalanso tiiriinde petal kiiltiirii yonteminin gelistirilmesi ve optimizasyonu, ikincisi ise iyonize
radyasyon kullanilarak elde edilmis M1V4 kalanso mutant tek bitkilerden petal kiiltiirii yoluyla ¢ogaltim yaparak elde
edilen klonlardaki genetik stabiliteyi morfolojik olarak gozlemlemek. Kalanso igin in vitro petal kiiltiirii kosullart
belirlenmis ve 2.0 mg L thidiazuron (TDZ), 0.5 mg L 1-naphthalenacetic asit (NAA), 30 g L sukroz, 6 g L agar ve
ph 5.7 igeren Murashige ve Skoog (MS) besin ortaminin en iyi rejenerasyonu sagladigi saptanmustir. Ayrica in vitro
fiziksel mutagen uygulamasi sonrasinda laboratuvar kosullarinda M1Vs asamasina kadar ¢ogaltilan ve dig kosullara
aktarilan mutant bireylerde ¢icekler gdzlenmistir. Bunlarm arasindan segilen 4 farkli mutant ¢igeklere sahip bitkilerden
petaller in vitro kiltire alinmig ve ¢ogaltilmistir. Kontrol olarak, mikrogogaltim i¢in ticari bir ¢esidin tag yapraklar
kullanildi. Elde edilen klonlarin ¢igekleri, baslangic materyali olarak kullanilan mutant ¢igeklerin homojen yapili veya
kimerik goriiniimlii olup olmadiklarina sagli olarak homojenlik gostermistir. Kalango’da petal kiiltiirii konusundaki ilk
bulgularin elde edildigi bu ¢aligmanin ardindan, kapsamli bir sekilde gelistirilmesi konusunda caligmalar devam
etmektedir.
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INTRODUCTION

Kalanchoe (Kalanchoe blossfeldiana Poelnn.), originating from Africa and belonging to the Crassulaceae
family, is a species that stands out among the potted plant group because of its different flower color, flower
and leaf structure. The Kalanchoe genus is naturally distributed in tropical climate regions, mostly in
Madagascar, East and South Africa, South America, India, the Arabian Peninsula, and Southeast Asia
(Descoings, 2003). The genus Kalanchoe includes about 140 species. The propagation of the Kalanchoe
blossfeldiana species and the development of new varieties of this species began in the 1930s (Kahraman and
Boyaci, 2021; Bejaoui, 2022). It is an ornamental plant with increasing demand among potted plants.
Kalanchoe is a sought-after succulent plant with hardy and long-lasting flowers and low-maintenance, thick,
glossy and showy leaves. The genus includes numerous cultivars traded in different flower colors such as red,
orange, pink, yellow, white and purple. It also shows a very high tolerance to drought due to its succulent
structure. In addition, it has been cultivated as a cut flower in recent years and there is a trend towards its use
as an outdoor ornamental plant (Kahraman et al., 2022). In addition to K. blossfeldina, which has commercial
value as an ornamental plant, some other Kalanchoe species are also used in traditional medicine (Vargas et
al.,, 2022), anti-cancer studies (Stefanowicz-Hajduk et al., 2022) or for their insecticidal effects
(Kolodziejczyk-Czepas and Stochmal, 2017) throughout the world, according to literature.

Kalanchoe has taken the first place among indoor ornamental plants whose economic value is increasingly
remarkable in Europe and America (Sanikhani et al., 2006; Jain and Ochatt, 2010). Kalanchoe is the most
traded ornamental plant after orchids. In the Netherlands, which ranks first in the ornamental plant market in
Europe, 87.1 million K. blosfeldiana hybrids were sold in 2015 (Kazaz, 2016). In the world's largest flower
auction (Royal FloraHolland) in the Netherlands, it ranked second after the Phanelopsis orchid in the 2018
potted ornamental plant sales ranking with 87 million units and a turnover of 53 million Euros (AIPH, 2019).
According to the Plant Variety Community Office (CPVO), there are over 700 registered cultivars of kalanchoe
worldwide. The majority of these are K. blossfeldiana, but several species such as K. marmorata Baker, K.
humilis, K. manginii, K. laciniata, K. uniflora and K. thyrsiflora are also registered (CPVO, 2017).

Breeding studies in ornamental plants are carried out for different purposes in many species (Balkaya et al.,
2021). These purposes can be listed as; determination of resistance levels to biotic and abiotic stress conditions,
plant odor, color, changes in flower structure, differences in flowering time, duration of flower retention and
post-harvest vase life (Izgi Denli and Balkaya, 2023) or growth types of plants (tall or dwarf). At the beginning
of K. blossfeldiana breeding programs, producers grew plants obtained from seeds resulting from selfing of
plants because the gene pool they had was narrow and they did not perform interspecific hybridization, and
they selected from these plants to obtain new varieties. However, since these are generally tall plants, the first
selection studies were carried out to develop dwarf kalanchoe plants (Boiteau and Allorge-Boiteau, 1995).
Interspecific hybridization is the most used method in new cultivars development studies in ornamental plants.
Interspecific hybridization is of great importance in developing new hybrid kalanchoe varieties and increasing
the existing variation in gene pools. The first interspecific hybrids were obtained from interspecific crossing
between K. blossfeldiana and K. glaucescens in 1939 (Mackenzie et al., 2018). After this stage, genetic
variation was increased by interspecific hybrids, and different flower types, development patterns, double-
flowered and abundant flowering plants were developed. As a result of hybridization of different kalanchoe
species such as K. flammea, K. grandiflora, K. pumila, K. kirkii, K. manginii with K. blossfeldiana, varieties
with very different characteristics and flowers of various colors and structures have been obtained over the
years (Descoings, 2006). But also, there are pre-fertilization and post-fertilization barriers that affect and
prevent success in interspecific hybridization methods (Kuligowska et al., 2015). Germination ability may be
very low or not at all in seeds obtained from interspecific hybridizations of kalanchoe. Although obstacles that
arise as a result of interspecies hybridization can be overcome with embryo rescue techniques (embryo, ovule,
ovary) (Mackenzie et al., 2018), there are difficulties in breeding interspecific hybrids. While traditional
breeding methods still maintain their importance, tissue culture techniques integrating biotechnological
methods with molecular methods (Lutken et al., 2010; Fujimoto et al., 2022; Jacome-Blasquez and Kim, 2023)
have also begun to be used in breeding studies in recent years. In addition to breeding studies, the use of tissue
culture techniques has increased considerably for the commercial propagation and production of this species
(Gumiis and Ellialtioglu, 2018). Another technique for creating alternative genetic variations is mutation
breeding, one of the classical breeding methods. Kalanchoe is a species prone to natural mutations. For
example, Vlielander (2002) registered two varieties called Leonardo and Bromo by taking advantage of the
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genetic variation that occurred because of natural mutation in the K. blossfeldiana species. In addition, there
are many kalanchoe varieties registered with the American Patent Institute (Kahraman and Boyaci, 2021). It
has been scientifically proven that the kalanchoe species has a high ability to form shoots by the adventitious
bud method and that mutant individuals can be successfully produced by this method (Van Harten, 2002).
Physical and chemical mutagens were used to create mutagenic variation in Kalanchoe (Broertjes and Leffring,
1972; Krupa-Malkiewicz, 2010). To date, 4 mutant varieties have been developed in Kalanchoe through
mutation breeding (Flores, Lombok, Sumba and Harvest Moon cultivars) (MVD, 2024).

Research on in vitro mutant breeding has been widely used to produce various variants and give biotic and
abiotic stress tolerance in various plant species (Kantoglu et al., 2021). In vitro mutations that will cause
changes in the flower (color, size, flowering period, number of petals) and leaves (form, size, color) of the
kalanchoe plant as well as plant structure and other morphological characters too. It is seen that mutation
breeding methods are used to obtain both disease resistance and morphological differences in kalanchoe plants
(Li et al., 2019). Mutation breeding studies are carried out on the in vitro propagation of a plant bearing a
different flower characteristic of a single mutant with petals isolated from that mutant flower (Anand et al.,
2020). Mutant material from in vitro or in vivo mutation breeding trials can be clonally propagated using petal
cultures (Datta et al., 2005). According to the results presented to date, in vitro petal culture in chrysanthemum
can be easily used for both the isolation of solid mutants and plant production (Prathyusha et al., 2021).
Although there are many publications on different tissue culture applications such as leaf, petiole, node, callus
and protoplast culture in kalanchoe species (Bejaoui, 2022; Winiarczyk et al., 2024), no study has been found
on plant regeneration from petal. However, vegetative propagation from flower tissues is extremely important
in terms of maintaining mutations such as flower structure, petal color, and multi-layer flower formation in a
permanent way. Moreover, important outcomes were achieved in terms of exposing hidden somaclonal
variations in the in vitro propagation process following mutation breeding, in addition to propagating
homogeneous clonal material with petal culture (Datta, 2023). The in vitro petal culture can be used to identify
point mutations also.

The main goal of our breeding program is to make homogeneous clonal propagation from single mutant
kalanchoe plants obtained by using physical mutagen applications. The aim of this study was to reveal the
feasibility of propagation with in vitro petal culture, which was attempted for the first time for the kalanchoe,
to shorten the breeding process and ensure that the method can be used in practice specific to this ornamental
plant species. For this purpose, the study was carried out in two stages: First, development and optimization
of petal culture method in kalanchoe to provide in vitro vegetative propagation of mutant individuals, and
second, morphological observation of genetic stability in clones obtained by propagation via petal culture from
M1V4 kalanchoe mutant single plants obtained by using ionizing radiation.

MATERIAL AND METHODS

Material

A kalanchoe genotype with white flowers ‘Calandiva White Kalanchoe’, obtained from a domestic producer,
was used. A variety with white and double flowers was chosen to ensure that the morphological differences
that would occur after mutagen application could be easily distinguished. Flowers that differ as a single flower
on the same plant were determined in plants belonging to mutant clones that were propagated up to the M1V4
stage by in vitro physical mutagen (gamma rays) application. The petals taken from these flowers were
propagated by taking the in vitro petal culture as an example, which was previously successfully applied by
Datta et al. (2005) for chrysanthemum but had no application for kalanchoe. For this purpose, conditions that
provide in vitro regeneration specific to the petals of kalanchoe species were determined. In the first stage of
the study, flowers of ‘Calandiva White Kalanchoe’ plants and their petals were used to optimize the in vitro
regeneration method (Figure la). After determining the most suitable growth regulator content for
regeneration, petals from M1V mutant individuals were used in vitro propagation in the second stage to see if
there is homogeneity among plants belonging to mutant clones.

The main material used in the mutation stage of our research project was obtained by culturing mature
kalanchoe leaves in vitro and propagating the plant through shoot regeneration. After regeneration obtained in
MS medium containing 1.0 mg L* BA and 0.5 mg L* NAA; 0.1 mg L GA; was added to the same
composition to provide shoot elongation. The use of 1.0 mg L BA was sufficient for proliferation. Obtaining

MJAVL Volume 15 (Issue 1) © 2025 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

65

in vitro shoots for mutation purposes and their multiplication rates were explained in detail by Bejaoui et al.
(2023a). After optimization of micropropagation of the genotype, in vitro mutation application was carried out
using a Cesium-137 (*¥'Cs) gamma ray source (821 Gy/h dose rate) and irradiating the kalanchoe shoots (1000
pieces) with an effective mutation dose of 119 Gy, which was determined for the same genotype in another
study (Kantoglu et al., 2024a). In vitro mutant shoots obtained from gamma ray-treated shoot explants were
sub-cultured four times by using MS medium including 1.0 mg L™ BA. They identified at the clone level.
Clones at the M1V4 stage were transferred to external conditions, according to Bejaoui et al. (2023b). The
plant and flower development were watched and the differences observed in the mutant clones in the M1V4
generation were evaluated in terms of features such as petal shape, petal color, number of colored petals on a
branch, growth type, intense of branch, and single or multiple layer formation. Applications and results
obtained for mutation breeding are explained by Kantoglu et al. (2024a).

Methods
Establishment of petal cultures and determination of the regeneration medium composition

In the first stage of the study, fully bloomed flowers of ‘Calandiva White Kalanchoe’ plants (Fig. 1a) and their
petals were used as beginning explant sources. White and layered kalanchoe flowers were collected from
potted plants grown in the greenhouse (25 °C) in early spring. The flowers brought to the laboratory were first
kept under running tap water for 10 minutes for the purpose of surface disinfection protocol. Then the petals
were separated from the flower tray and washed again with tap water for 1-2 minutes. Following this, the petals
were kept for 10 minutes by rinsing them 3—4 times with sterile deionized water in a sterile cabinet. In the next
stage, the petals were shaken in 70% ethanol (EtOH) for 10 min. and washed three times with sterile water.
Subsequently, the samples were shaken for 10 min. in a sterilization solution of 15% commercial bleach (ACE
brand) prepared with 1-2 drops of Tween 20 and then washed three times with sterile distillated water (Fig.
1b). The water in the breaker was poured well. The glass-breakers containing the petals were turned upside
down on filter paper, and the remaining excess water was drained to prevent contamination (Figure 1c).

Explants were placed on MS (Murashige and Skoog, 1962) basal medium, which had a pH of 5.7 and contained
30 g L sucrose, 6 g L agar, with the growth regulator combinations presented in Table 1. In determining
plant growth combinations, BA x NAA, recommended for chrysanthemum petal culture (ray florets) by Datta
et al. (2005), and TDZ x NAA, which highly stimulates regeneration from kalanchoe leaves (Bejaoui, 2022),
were preferred. The nutrient medium without plant growth regulators constituted the control group. 30 ml of
nutrient medium was filled into 70 ml glass jars with autoclavable plastic lids, and the nutrient media were
sterilized in an autoclave at 121 °C for 20 minutes. Explants were cultured in 5 glass jars for each medium
composition and 10 petal leaves per jar. After the agar nutrient media were solidified in the laminar flow
cabinet and brought to room temperature, the sterile petal leaf explants were placed in the jars with the help of
forceps under aseptic conditions (Fig. 1d).
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Figu rel a. Explant source flowers on the non-irradiated kalanchoe plants in the greenhouse, b. Kalanchoe
petals during rinsing by using sterile distillated water, c. Breaker with sterile kalanchoe petals inside,
inverted onto sterile filter paper in the laminar flow hood, d. Petals cultured in five different nutrient media
contents.
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Table 1. In vitro petal culture nutrient media combinations

Medium In vitro regeneration medium Sub-culture medium
code combinations

Al MS (2mg L* TDZ + 0.5 mg L NAA) MS (hormone-free)
A2 MS (1 mgL*TDZ + 0.5 mg L NAA) MS (hormone-free)
B1 MS (1 mg LT BAP + 0.5 mg L NAA) MS (hormone-free)
B2 MS (4 mg LT BAP + 0.5 mg L NAA) MS (hormone-free)
C MS (hormone-free) MS (hormone-free)

After the explants were planted on the nutrient medium in petri dishes, the cultures were kept for 3 weeks at
2542 °C and in constant darkness (Minas, 2007), then in the same temperature regime, 16 hours of light and 8
hours of darkness were adjusted in the photoperiodic regime in the growing chamber that can provide 8 000
lux of light. In the 8" week of incubation, differentiation began to occur on the tissues, and the petals, which
were in 3 jars and 10 in each jar, were transferred to fresh media with hormone- free MS content, 5 petals in
each jar (6 jars totally for each treatment). Regeneration formation rates were determined in the 10th week of
culture. For this, whether there was shoot differentiation on a total of 30 petals belonging to each medium
combination was recorded numerically and proportionated as a percentage. Shoot clusters on the explants were
separated into small clusters of 1-1.5 cm and transferred to double-layered media in the 14" week. In these
media, 30 g L sucrose and 7 g L™ agar were used, and pH was adjusted to 5.7. First, MS nutrient media
prepared as semi-solid with agar added to 0.25% activated charcoal were added, then 10 mL of MS nutrient
media added to 0.3 mg Lt GAs was added to each jar in a sterile cabinet. Liquid nutrient media were sterilized
using sterile filters and syringes (Ellialtioglu and Yanmaz, 1994). After three weeks, the developing shoots
were separated one by one and micro-cuttings with 2 nodes were sub-cultured twice in hormone-free MS
media, and then rooted in %2 MS media added with 0.1 mg L IBA. The acclimatization phase was carried out
as applied in previous studies with 100% success (Bejaoui et al., 2023b). The first phase of the experiment
ended here.

Invitro regeneration from petals of mutant kalanchoe plants at the M1V4 stage obtained by gamma irradiation
and morphological stability control at the flowering stage

In the second stage of the research, fully bloomed flowers and petals of 4 mutant plants obtained by gamma
ray irradiation from the mutation breeding project of Has Biotech were used as initial explant sources. One of
the 4 different mutants used in the experiment (No: 44) has flowers showing salmon pink homogeneous color.
The second mutant has single-layer flowered and white petaled flowers (No: 129), the third is multi-layered
and white petaled (No: 65) and the fourth is a mutant with the flower structure of the control plant with white-
dark pink variegated petals (No: 42) (Fig. 2).

kalanchoe plants (b. Homogenous salmon pink petals, c. Single layer flowers with white petals, d. Multiple
layers flowers with white petals, d. Chimeric heterogenous pink-white petals).

In the first stage of our study, petals isolated from flowers of 4 different mutants and also petals taken from
non-irradiated commercial starting material to form the control group were placed in the most suitable nutrient
medium composition determined as MS salts and vitamins included 2 mg L* TDZ + 0.5 mg L™ NAA, 3%
sucrose, 0.6% agar and adjusted pH 5.7 for in vitro regeneration from petals. General tissue culture conditions,
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sterilization of plant material and incubation of cultures were applied as in the first stage. Figure 3 shows petals
prepared for cultivation from mutant clones.

| agiiny
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Figure 3. a. Chimeric leaves of clone number 42, b. Salmon-pink petals of clone number 44, c. Pink mutant
petals of clone number 44 before the transfer to culture jars, d. White petals of clone number 65 after the
sterilization protocol

C

After shoot regeneration was achieved, the petals were transferred to fresh sub-culture media in the 8th week,
and the developing clusters were separated in the 14" week and transferred to double layered growth media
containing AC (Fig. 4). The developing shoots were sub-cultured twice in hormone-free nutrient media and
then transferred to rooting media (0.1 mg L™ + 30 g L™ sucrose + 0.7% agar containing %2 MS medium). The
materials that were rooted within a month and continued to form shoots were transferred to peat filled in vials.
After irrigation, the seedlings were placed on the benches in the greenhouse and watered twice a day by
pulverization for 3 days (Fig. 5). Then, they were acclimated to external conditions by pulverization three
times a week and then twice a week.

Figure 4. a. Developed shoot clusters at the 14th weeks of petal cultures, b. Separating the cluster into 10-15
mm pieces and transferring to double layered MS medium, c. Mini plant clusters of mutant clones after
transfer into the fresh doubled layered growing medium, d. Growth of healthy shoots from the mini clusters 3
weeks after subculturing.
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Figure 5. a-c. Transferring kalanchoe mutant clones from in vitro conditions to soil, d. Water
pulverization after life water irrigation in the greenhouse.

During the acclimatization and transfer to the greenhouse of a total of 200 candidate mutant materials within
the scope of the project, the plants regenerated from petals in the experiment were planted in vials with 50
plants from each mutant plant. Mutant plants were grown there under optimal conditions at 25 °C. Flowering
occurred after February 20 in the glass greenhouse in Antalya province and observations were made on mutant
clones until March 15. Whether flower color was preserved (stability) during the flowering phase in plants
regenerated from petal culture was observed under greenhouse conditions. The multiplicity of flowers, petal
color and homogeneity rate among 50 plants in total were determined for the plant used as starting material.
The breeding program continues and the trials on petal culture were completed with these observations.

Statistical Analysis

To determine the nutrient medium combination that is effective for the regeneration capacity of petals, first
stage experiments were set up in three replicates according to a random plot design, with 10 replicates in each
repetition. The results were analyzed using MSTACT and MINITAB statistical package programs. The
Duncan test was applied for multiple comparisons (p <0.01).

RESULTS and DISCUSSION

Has Biotech Co. has been working on the potential of developing new varieties through kalanchoe breeding
since 2019. In this context, it conducts research on developing a mutation breeding protocol. It has carried out
pioneering studies in Tirkiye on in vitro mutation breeding with ®°Co-derived gamma ray applications. As is
known, breeding studies take a long time. In vitro techniques can shorten the time needed for breeding
programs. In this study, an in vitro petal culture method was applied to mutants with different flower colors
on the same plant to propagate mutant individuals with the same color from petals of different colors, as in a
previous study conducted in chrysanthemum (Kantoglu et al., 2024b). Thus, an in vitro regeneration protocol
through petals specific to the kalanchoe plant was determined. For this purpose, the petal leaves of a
commercial kalanchoe variety ‘Calandiva White Kalanchoe’ used as explants were cultured in Al, A2, B1,
B2, and C media. As a result of regeneration studies in the MS medium enriched with four plant growth
regulator combinations. In the hormone-free MS medium without any growth regulator additives, no
regeneration occurred in the petals at the end of the 14th week. In the study conducted by Bejaoui et al. (2023a;
2024), no development was observed in petiole and leaf explants in hormone-free MS medium, and no shoot
formation or callus development occurred in the explants in the 12th week following planting. No callus tissue
was formed in the cut areas, and no morphogenesis and shoot or root formation was observed. Indeed, Yuliang
et al. (2004), Zhang and Guo (2005), Linjian et al. (2006) also obtained results from nutrient media
supplemented with various auxins and cytokinin’s for shoot regeneration from leaf explants. Bhuiyan et al.
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(2006), in their tissue culture regeneration study from leaf explants not only in K. blossfeldiana but also in K.
daigremontiana species, reported that development was obtained only from explants supplemented with
growth regulators, and no development was recorded from hormone-free MS medium. In the cultures with
growth regulator additives, color change started to occur from the 4th week onwards, and the white or pink
petals started to turn light green and gradually green. In the 8th week, meristematic tissues started to form on
the tissues and at their edges, and especially in the Al and A2 media containing TDZ, compact shoots in the
form of clusters were formed (Fig. 6). Data was obtained by counting the meristematic structures formed in
the 10th week of culture. However, many shoots could not be expressed numerically due to their compact
structure. The tendency to compact cluster formation is less in the media containing BAP and NAA
combination. The numerical data obtained are given in Table 2. The control application, in which shoot, and
callus formation was not obtained, is not included in the table.

Table 2. Petal explants' average regeneration values on nutritional media with various growth regulators

Medium code Number of Number of  Regenerated Mean plantlet number
flowers isolated  regenerating callus of each explant (petal)
plants number
Al 21 191 81 9.10a
A2 13 84 39 6.46 b
Bl 16 0 16 0.00d
B2 23 6 12 0.26 ¢

(LSD Val= 0.096, Sx= 0.026, According to the Duncan test, letters define the difference between the means
within the limits of p < 0.01)

| N - 22 s [
Figure 6. a. Petal explants starting to turn green in the 8th week of culture, b and c. Shoot organogenesis in
the 10th week of culture in A1 medium, d. Meristematic clusters forming in A2 medium, e and f. Shoots and
root formation on the explants in B2 medium, g. Petals starting to lose their vitality by necrosis from the 8th
week of culture in hormone-free MS medium.

The best regeneration with an average of 9.10 plantlets per explant was achieved in Al-coded MS nutrient
medium containing 2 mg L* TDZ and 0.5 mg L™* NAA. The study's findings revealed that the A2 nutritional
medium was likewise successful in stimulating regeneration, resulting in the growth of 6.46 plantlets per
explant. On the other hand, no positive regeneration response was obtained in B1 medium. The combination
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of 1 mg L BAP + 0.5 mg L* NAA was insufficient to provide regeneration in kalanchoe petals. The MS
medium (B2) to which 4 mg L BAP + 0.5 mg L NAA was added provided a very low rate of shoot
regeneration of 0.26 /petal explants, but these shoots, which were formed in small numbers, developed
healthily and strongly during the culture period, indicating that this combination could also be used by
increasing the BAP dose. According to the results of the statistical evaluation, the difference between the
regeneration capacity provided by the Al nutrient media and other ones was significant within the error limits
of 0.01. After this evaluation made in the 10th week of culture, more than 50 meristematic points and shoot
development were detected from each petal starting material that was transferred to fresh media with the same
content and kept for development until the 14th week. The development in all explants that reached this period
was equalized and no visual or numerical difference was distinguishable between Al and A2 media (Fig. 4a).
After subculturing in double layered media containing activated charcoal, this material was developed healthily
and then transferred to media containing IBA as explained in the Method section. The plantlets that were rooted
(Fig. 7 a, b) formed healthy kalanchoe plants with 100% success during the acclimatization phase (Fig. 7c).
Thus, in addition to the micropropagation method optimized from leaf explants by Bejaoui et al (2023 a, b, ¢),
a successful protocol for kalanchoe plants from petals was presented for the first time in literature with this
study. Consequently, it was found that kalanchoes are prone to petal culture and yield good results. Eventually,
with the regeneration provided by the cultivated petals, plant production was achieved, and verification could
be performed under greenhouse conditions. To date, research on in vitro regeneration using petal cultures in
kalanchoe species has not been conducted. Although it is not possible to compare the findings for the kalanchoe
species, it has been reported that regeneration is achieved in in vitro conditions with petal culture in
Chrysanthemum and Capparis plant species; this technique is an effective method, especially in terms of
producing a sample plant (Malaure et al., 1991; Datta et al., 2005; Barakat et al., 2010; Carra et al., 2012;
Verma et al., 2012; Anand et al., 2020; Asoko et al., 2020; Prathyusha et al., 2021). In Gerbera, which has an
important place among ornamental plants, plant regeneration has been achieved from petal explants (Kumar
and Kanwar, 2006), and Fritillaria has also entered the literature as a species that can form bulblets directly
from its petals (Mohammadi-Dehcheshmeh et al., 2008). Oh and Kim (1994) used Petunia hybrida petal
explants as starting material for protoplast culture. All of these results demonstrate that in vitro petal culture is
an alternative technique that makes it possible to reproduce important genetic material (Kantoglu et al., 2024b).
Because it is extremely valuable for breeding work to preserve and propagate the genetic resource that develops
only on that plant and cannot be easily reproduced from the flower stem using this method.

P o' —— a
nts at the flowering stage in the

Figure 7. aand b. Rodting of kalanchoe shoots, c. Well acclimatized pla
greenhouse.

Callus development also occurred on explants, although more in media containing TDZ and less in media
containing BAP. It was observed that the formed callus was compact and transparent, non-embryogenic, and
that the white color turned brown from the 12th week onwards and that it was necrotic at some points. Since
the formation of cream-colored embryogenic callus with a fragile and scattered structure did not occur, these
structures were not evaluated for breeding or regeneration purposes. In fact, Green and Phillips (1975) reported
that different callus types can be induced in plants in tissue culture, i.e. Type I, Il and NE callus. Type-I callus
is generally white and compact and seems to be a further advanced differentiation step of Type-II callus. This
latter type is soft, white or pale yellow, friable, can usually retain totipotency after long periods of time in
culture, and is similar to the embryogenic cultures of model plant species (Jiménez and Bangerth, 2001). NE
(non-embryogenic) callus is translucent, does not show any sign of organization (Fransz and Schel, 1994). In
this study, callus tissue developed from petals did not provide embryogenesis or organogenesis in the media
used. It was not planned to obtain regeneration from these structures, which are thought to have a NE callus
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appearance. However, in subsequent studies, callus formation from petals and their use in regeneration may
be evaluated in the formation of natural or induced somaclonal mutations.

After the gamma irradiation, the kalanchoe plantlets sub-cultured up to the M1V4 stage were transferred to the
greenhouse and then observations and evaluations were made within the framework of the mutation breeding
program by Has Biotech Co. EMDs (119 Gy) gamma irradiation was successful in creating variations on traits
such as flower structure, petal color, plant development and flowering time by providing in vitro mutation
formation in the studied kalanchoe genotype (Kantoglu et al., 2024a). Indeed, mutations that will cause changes
in the flower (color, size, flowering period, number of petals) and leaves (form, size, color) of the kalanchoe
plant as well as plant structure and other morphological characters were observed in previous years too.
Broertjes and Leffring (1972) with physical mutagen (200 rad/min X-ray) and Krupa-Malkiewicz (2010) with
chemical mutagen (2.0 mM diethyl sulfate (DES) applications, created mutagenic variation in kalanchoe. Fort
his study selections of mutant plants were made. In this context, 4 mutant plants were determined to be
propagated from petal leaves. These are mutant plants numbered 44, 129, 65 and 42.

Regeneration was provided from petal leaves cultured in A1 medium, 12.20 shoots were determined in the
10th week in plant numbered 44, 10.56 in plant numbered 129, 14.30 in plant numbered 65 and 9.40 in plant
numbered 42. The number of shoots consisting of petals taken from the non-irradiated starting material as a
control gave a value close to the first stage of the study (11.3/petal explant). However, meristematic regions
that continued to develop in the form of numerous green dots in the compact cluster structure were also
observed. In the 14th week of culture, a developed cluster structure with over 50 shoot formations was
obtained, and these were separated into small clusters as in the first stage and transferred to double layered
media containing AC. The plants that went through the rooting and acclimatization stages were allowed to
grow in a glass greenhouse in Antalya during the winter period at a minimum temperature of 15 °C, and they
entered the flowering stage in viols at the end of February. The flowers of clones propagated from petals
belonging to 4 different mutant plants and the flowers of plants developed from non-irradiated petals were
morphologically compared with the flowers of the commercial variety that was the starting plant. In addition,
flowering times in the same environment were recorded.

The flowers of the plants obtained from non-irradiated petals were found to have the same morphological
structure as the starting material and their flowering times were found to be one-to-one. In the observations
made after the mutant clones transferred to the greenhouse had bloomed, four of the five clones produced
plants that produced flowers with exactly the same characteristics as the mutant flower in the donor plant.
Three of the clones propagated from the petals of the mutant plants (plants no. 44, 129 and 65) had the same
flower structures as their mutant donor. While plants no. 44 and 129 did not differ in flowering time from the
commercial variety of the starting material, the multi-layer white-flowered mutant no. 65 flowered about a
week later. The flowers of the plants resulting from the cultivation of pink-white variegated chimeric leaves
also had different colors. These petals were evaluated as chimeric. Pink or pink-white mixed coloration
occurred in 8 of 50 plants (16%), and the rest produced white flowers like the starting material (Fig. 8). The
results showed that petal culture provides the opportunity to propagate clonally and maintain a single flower
mutation. After mutation breeding, studies on the mechanism of the formation of chimeras, especially in
flowers, and the mechanisms that stimulate this formation have increased since 2000. Especially in transgenic
plants, the change in the gene regions of interest after the application of mutagenesis-inducing chimeras has
been among the topics of interest of researchers (Narumi et al., 2008). Applications for tracking chimeric
formations for color changes, particularly in liliums, gained prominence following the modeling of
Arabidopsis using chimeric repressor gene-silencing technology (CRES-T). Additionally, chimeras were
assessed in transgenic technology (Otani et al., 2020). Again, in different studies, cytokinin synthesis on
chimeric formations and the functions of the gene regions affected after this synthesis are also examined for
transgene technology (Narumi et al., 2008). Therefore, the isolation and reproduction of commercially valuable
chimeric formations in mutants is important for breeding studies. Because of this, it is crucial to separate the
chimeric forms via petal culture.
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“Figure 8. Stability observation through the clones obtained from petals.

Regarding in vitro mutation applications, Verma et al. (2012) found that petal culture is an effective method
for the isolation of solid mutants, whereas in another study conducted on chrysanthemum, mutants selected by
this culture multiplied with the same homogeneity at a rate of 98.56%, and 1.44% of somatic mutants were
revealed by this method (Kantoglu et al., 2024b). The results of this research show that it is crucial to introduce
petal culture into hybridization or mutation breeding programs for kalanchoe. This research established the
viability of ap plying petal culture, particularly in kalanchoe, and showed that a novel explant type could be
employed for in vitro mutation breeding research studies.

CONCLUSIONS

In vivo and in vitro mutation breeding are effective techniques that contribute significantly to the creation of
new variations in ornamental plants. Especially in the mutant variation obtained after mutagen application,
single flowers with different characters appearing on the same plant are remarkable. It is important to isolate
these single flowers, propagate mutant plants with the same structure, and bring them into production as a new
variety candidate. As a result of in vitro petal leaf culture applications carried out based on this argument in
species such as chrysanthemum and capers to date, studies have shown that mutant plants bearing that
characteristic can be propagated from petal leaves cultured from flowers with different structures. In this study
carried out in kalanchoe, experiments were established based on the argument that the reproduction of single
flowers obtained similarly as a result of an in vitro mutation breeding study can be done with in vitro petal
culture. Since petal culture studies have not been carried out for kalanchoe to date, preliminary studies were
carried out based on the data previously obtained for chrysanthemum, and different combinations of growth
regulators were tried according to the findings obtained. As a result of the treatments, petals regenerated in
MS nutrient medium containing 2.0 mg L* TDZ and 0.5 mg L™* NAA, and plant growth was obtained from
explants. The feasibility of in vitro petal culture, which was the aim of the research, was revealed in this study.
This result shows that it is possible to propagate new mutant clones from single flowers obtained with different
characters as a result of mutation or somatic variations in breeding studies carried out in different species. It
was found that petal culture is an effective propagation technique that gives results in a short time for in vitro
mutation breeding studies. With this finding and other successful results obtained for other species in the past,
the idea that in vitro petal culture may give positive results in other species that have not been tried so far and
that preliminary trials should be carried out to adapt it to studies in this context has gained weight.
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ARTICLE

ABSTRACT INEO
The haploidy technique starts with the production of haploid embryos and continues with the doubling Received:
of the chromosome set. Androgenic embryos can be either haploid (H) or spontan doubled haploid ’
. . . L : - 12.11.2024
(SDH). Since haploid plants are sterile, anti-mitotic agents are applied at appropriate doses and Accepted:
durations to restore diploid status and fertility. Chromosome doubling can be induced in vivo with 04 06p202'5

anti-mitotic agents, but this method is expensive, complex and time consuming. Therefore,
spontaneous doubling of chromosomes during culture is preferred. In this study, the effects of
colchicine use on embryo yield and embryo development in pepper (Capsicum annuum L.) anther
culture were investigated. Colchicine is a chemical agent that changes the cell division process by
inhibiting microtubule formation in plant cells. Colchicine was applied to pepper anthers at
concentrations of 0.3%, 0.4% and 0.6% in semi-solid and double-layer media for 14 and 21 days.
Embryo and plant regeneration rates obtained according to media, colchicine dose and application
duration were examined. According to the trial results, the highest embryo formation rate (21.03%)
was obtained in the group treated with 0.6% colchicine dose for 14 days in semi-solid media. The
development rates of embryos into plants varied depending on both colchicine doses and nutrient
media used. Plants developed from embryos were grouped as haploid (H) and spontaneous double
haploid (SDH) by examining the presence of pollen in flowers, seeds in fruits, stomata number and
stomata characteristics. It was observed that the addition of colchicine to the medium had a very
significant effect on the SDH plant ratio. The highest SDH plant ratio (74.28%) was obtained from the
application of 0.6% colchicine for 21 days in semi-solid medium. On the other hand, the highest SDH
plant ratio (69.05%) in double-layer media was determined in the application of 0.6% colchicine dose
for 14 days. The SDH plant ratio obtained from embryos grown in colchicine-free medium was found
to be 48.89% (14 days) and 44.74% (21 days). It can be concluded that colchicine application
significantly enhances the production of SDH plants in pepper anther culture, with the most effective
treatment being 0.6% colchicine for 21 days in a semi-solid medium.
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INTRODUCTION

Pepper is one of the vegetables with high economic value worldwide. Various biotechnological methods are
used to improve traits such as high yield, disease resistance and quality in pepper production. It requires
great effort and time to obtain 100% homozygous pure lines in plant breeding programs. The ability of
haploid plants to reach full homozygosity in a single generation by chromosome doubling has become a
valuable tool in terms of shortening the time in plant breeding (Yaman & Karaca Sanyurek, 2023). Haploid
induction from male gamete (androgenesis) and female gamete (gynogenesis) are prominent methods in this
process. Methods such as parthenogenesis are also used, and techniques such as insufficient or irrated pollen
use during pollination and chromosome elimination are also preferred approaches in this field (Zhang et al.,
2020; Ebrahimzadeh et al., 2021; Marin-Montes et al., 2022; Salehian et al., 2023). Successful results were
obtained with the anther culture method in studies conducted specifically on pepper plants.

The first step of the haploidy technique is to obtain haploid embryos and the second step is to double the
chromosome set. Androgenic embryos can be haploid (H) or spontaneously doubled haploid (SDH) during
culture. Double haploids are very important for plant breeding because they can produce completely
homozygous plants within one generation, making qualitative and quantitative phenotypic selection more
efficient (Hooghvorst & Nogués, 2021).

Haploid embryos formed during the natural process of androgenesis usually fail to complete their
development. Haploid plants are generally smaller and have a weak development compared to their diploid
counterparts. Haploid plants are sterile due to the improper pairing of chromosomes during gamete formation
and cannot produce pollen and seeds. In order to restore diploid status and fertility in haploids, they should
be subjected to some anti-mitotic agents at appropriate doses and durations (Segui-Simarro & Neuz, 2008).

In androgenetic embryos, chromosome doubling is critical for ensuring developmental stability, maintaining
genetic balance and creating homozygous lines for research. Obtaining haploid plants with in vitro
techniques and transforming them into diploid plants offers an effective way to develop plant varieties with
new and superior characteristics. Embryos with diploid chromosome structure are obtained by doubling the
chromosomes and these embryos are generally stable and suitable for development.

Spontaneous or in vitro induced chromosome duplication during culture has the advantage of reducing the
time and cost of DH production by eliminating the need for in vivo chromosome doubling. One way to
increase the viability of haploid embryos and improve plant development in anther culture method is
diploidization of embryos at the beginning of culture (Comlekcioglu, 2021) . Although the mechanism of
SDH in androgenesis has not been fully explained, three main mechanisms have been mentioned in the
literature; endoreduplication, nuclear fusion and c-mitosis (Segui-Simarro & Nuez, 2008). The use of various
antimitotic agents for chromosome doubling in haploid plants is evaluated as c-mitosis mechanism. C-
mitosis leads to chromosome doubling by affecting the metaphase stage of cell division with antimitotic
agents. Antimitotic agents are generally known as metaphase inhibitors that are effective during metaphase.
Colchicine, colcemid, vinblastine, acenaphthene, dintroanilines, phosphoroamidates, pyridines, benzamides,
benzoic acid compounds affect the metaphase stage of cell division and cause chromosome doubling.
Compounds such as colchicine in particular prevent cell division by altering microtubule dynamics and cause
doubling of chromosome number (Dewitte & Murray, 2003; Vaughn, 2006; Dhooghe et al., 2011).

A successful protocol is required for efficient chromosome doubling in haploids induced in vivo by the use
of anti-mitotic agents. Multiple factors must be adjusted to maximize the rate of genome duplication.
Successful outcomes can vary depending on antimitotic agent application efficiency, especially
concentration, exposure time, application method and conditions. It is also critical for plant developmental
stage and plant survival. Therefore, SDH is desired during culture. When haploid plants are exposed to
colchicine, oryzalin, trifluralin and other chemicals with antimitotic effects in vitro or in vivo, chromosome
doubling occurs (Vural et al., 2019). These applications can be done in vitro, at the explant, callus or plantlet
periods. Chromosome duplication is difficult in haploid plants with a single chromosome set; usually
application of antimitotic agents is used. In vivo application of antimitotic agents is costly, difficult and time-
consuming.

During the androgenesis process, in vitro chromosome doubling varies significantly among different species
and genotypes. The success rates vary depending on factors such as genotype, culture conditions and
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chromosome doubling method, and it is a labor-intensive work (Mishra et al. 2021, da Silva Dias, 2003;
Yuan et al., 2015).

Shim et al. (2006) reported that factors such as the concentration of antimitotic agents, temperature during
application and exposure time are critical for the species. Kasha (2005) reported that chromosome
duplication also depends on the haploidy method, and that the first pollen mitotic division stage of the
microspore in androgenesis and Supena et al. (2006) reported that the first week of culture are the ideal times
for chromosome duplication. Da Silva Dias (2003) reported that low concentrations (0.01-0.02%) of
colchicine only inhibit the cell division cycle for a short time, and then the cells can continue mitosis when
they contain a doubled set of chromosomes. The most suitable time for in vitro antimitotic agent application
was determined as the first 12 hours after microspore isolation. Therefore, SDH should be intensively
investigated in addition to the possibilities of increasing the frequency of embryo formation and
transformation into a normally developed plant in the anther culture technique, which has become a routine
method in Capsicum breeding studies.

It is stated that factors such as culture conditions, pretreatments, use of colchicine and similar antimitotic
substances are determinants of in vitro chromosome doubling (Zhao & Simmonds, 1995). In addition, it is
stated that there is a direct relationship between the use of plant hormones in in vitro cultures and DNA
duplication (Joubes & Chevalier, 2000). It is stated that the type of explant used in the androgenesis process
may also affect the SDH rate (Sato et al., 2005). Comlekcioglu and Ellialtioglu (2018) reported that SDH
rates obtained from pepper anther culture differed significantly among genotypes. It was emphasized that the
gamete developmental stage and culture conditions also affect this process (Segui-Simarro & Nuez, 2008).
Niklas-Nowak et al. (2012), as a result of cytometric analysis of 63 regenerated pepper plants, it was
determined that 32 plants were haploid (H) and 31 plants were SDH. Keles et al. (2015) investigated the
effect of pepper fruit type on obtaining SDH plants through anther culture and the highest rate was observed
in the bell pepper type with 53.4%. Grozeva et al. (2021) reported the SDH formation rate in pepper anther
culture as 40.14%, while Misal and Das (2023) determined this rate as 40.70% and Ar et al. (2016) as
51.60%. In his study examining the effect of colchicine, Comlekcioglu (2021) reported that SDH rates were
33.3% in control medium, 57.6% in semi-solid medium and 47.3% in double-layer medium.

Published protocols can be used as a basis for experimental design, but different application methods should
be tested for best results. Unfortunately, many published DH protocols do not report antimitotic agent
application details and treatment efficiency. The current methods can be used to further refine the genome
doubling methodology for major vegetable species. Genome duplication tests will provide other researchers
with valuable information for the use and further development of genome doubling protocols.

This study aimed to determine the effects of in vitro colchicine applications on embryo vyield, embryo
development rates into full plants and the increase in the number of spontaneous dihaploid plants in pepper
anther culture.

MATERIAL AND METHOD

Plant material

The study was conducted at Petektar Tohumculuk Seed Company in Antalya. The 45-coded bell pepper
genotype in the company's gene pool was selected as the donor plant. Seed sowing was carried out in the
autumn growing season. Seedlings were planted in the greenhouse in double rows at 50x50x100 cm intervals
in the 2-3 leaf period. Anther culture was started with the buds formed 30 days after planting.

In previous studies, in order to determine the development period suitable for anther culture of pepper
genotypes, the acetocarmine staining method was used in the study of Gursoy et al. (2022), as well as the
research findings of Comlekcioglu et al. (2001) and Alremi et al. (2014) were taken as reference.
Accordingly, the stage was selected when the bud size was 5 mm and the petals were 1-2 mm longer than the
sepals, the anther color was cream-yellow, and the tips turned slightly purple with anthocyanin accumulation
(Figure 1).
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A B

Figure 1. A; bud at suitable period for anther culture, B; anther at the appropriate period for anther culture

Sterilization of buds

The buds collected in the morning and brought to the laboratory were shaken in a solution prepared with
15% commercial bleach (approximately 5% sodium hypochlorite content) and 1-2 drops of Twin-20 for 15
minutes. After this process, they were rinsed with sterile distill water 3 times for 5 minutes each.

Nutrient medium

MS (Murashige & Skoog, 1962) containing 4 mg I NAA (Naphthalene Acetic Acid), 0.5 mg It BAP (Benzyl
Amino Purine), 0.25% activated charcoal, 30 g I* sucrose, 15 mg I AgNO3 (Silver Nitrate) and 8 g I'* agar
was used as the primary culture medium. Regeneration medium was prepared as primary culture medium
without activated charcoal and AgNO;. The media coming out of the autoclave were poured into sterile 9 cm
diameter glass Petri dishes in a sterile cabinet.

Preparation of colchicine applications

Semi-solid media were created by adding 0.0%, 0.3%, 0.4% and 0.6% colchicine doses to the primary nutrient
medium. In double-layer media, while the primary nutrient medium formed the semi-solid phase, 0.3%, 0.4%
and 0.6% colchicine doses was added as the liquid phase after anther inoculation. Anthers cultured in the
prepared media were transferred to the regeneration medium on the 14th and 21st days of culture (Table 1).

Table 1. Applications and their contents

Applications Contents

MS + 30 g I'* Sucrose, 0.25% Activated Charcoal, 4 mg I NAA, 0.5 mg I BAP,
15 mg I AgNO3, 8 g I'* Agar

Control (Basic medium)

0.3% Colchicine Control + 0.3% Colchicine (Semi-solid)

0.3% Colchicine Control + 0.3% Colchicine (Double-layer)

0.4% Colchicine Control + 0.4% Colchicine (Semi-solid)

0.4% Colchicine Control + 0.4% Colchicine (Double-layer)

0.6% Colchicine Control + 0.6% Colchicine (Semi-solid)

0.6% Colchicine Control + 0.6% Colchicine (Double-layer)

Regeneration medium MS + 30 g I'* Sucrose, 4 mg I NAA, 0.5 mg I BAP, 8¢ I Agar

Placing anthers in the medium

Anthers were cut from their filaments using forceps and scalpels and placed in Petri dishes so that their
dorsal surfaces were in contact with the medium (Figure 2). Each Petri dish contained 25 anthers, and 24-27
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(600 to 675 anthers) Petri dishes were used for each application. For double-layer applications, after placing
the anthers in the Petri dish, filter-sterilized colchicine solutions were added (Figure 3).

T -
- el
e
: £ -~
;

>
Figure 3. Adding filter-sterilized colchicine onto anthers for biphasic applications

Incubation conditions

Anthers placed in the nutrient medium were exposed to a 35°C temperature shock in the dark for two days.
After being removed from the incubator, they were moved to the climate chamber kept at 25°C. Anthers kept
in the dark in the climate chamber were transferred to the regeneration medium on the 14th and 21st days of
culture (Figure 4). After being kept in the dark for 35 days, the cultures were continued to be incubated in the
climate chamber with a 16-hour photoperiod at 2300 lux. The embryos developing here were moved into

Figure 4. Transfer of anthers to regeneration medium
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Acclimatization of plantlets to external conditions

Plantlets were removed from the nutrient medium and planted in small pots (100 ml) filled with a 1:2
peat:perlite mixture. The pots were bagged to maintain humidity and placed in an acclimatization room at
25°C under 2300 lux light and a 16-hour photoperiod. Rooted plants were transplanted into 2.5-liter pots and
taken to the greenhouse. The plants, which were kept in pots in the greenhouse for a week, were planted in
the greenhouse soil.

Determination of haploid and spontaneous double haploid plants

Pollen in flowers and seed in fruits were examined for this purpose. Stomata count, stomata length and
stomata width measurements were made with a microscope (Soptop CX40-T) in the preparations prepared
by taking leaves from three different regions of 10 plants of each application. Stomata count and
measurements were made in three different regions per unit area (0.08 mm?) with a 40 magnification
objective and a 10 magnification eyepiece.

Data evaluation

Experiments were carried out according to the randomized plot design with three replications (600-675
anthers in total) with 8-9 Petri dishes (200-225 anthers) in each replication. Embryo rate was calculated as
the ratio of the number of embryos obtained to the number of anthers cultured. Plantlet rate was calculated as
the ratio of the number of plantlets developing from embryos after culture to the number of embryos
obtained. The significance level of the differences between the means was determined using the LSD test.

RESULT AND DISCUSSION

In the study, a total of 9100 anthers were cultured and a total of 1022 embryos were obtained (Figure 5.) In
1022 embryos, 495 of the obtained embryos successfully developed into plants (Figure 6). Embryo formation
and plant transformation rates varied according to the medium, colchicine dose and application duration
(Table 2).

Table 2. Numbers of anthers, embryos and regenerated plants cultured according to medium, colchicine
dose and application time

Medium Application Colchicine Dose Anther Embryo Plantlet
Duration (Days) (%) (Number) (Number) (Number)
0,0 650 124 65
0,3 675 100 59
14
04 675 80 48
0,6 675 142 60
Semi-solid
0,0 675 96 55
0,3 650 84 39
21
0,4 675 134 54
0,6 675 104 55
0,3 675 26 5
14 0,4 600 29 11
layer 03 675 35 12
21 0,4 600 51 29
0,6 600 7 2
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When embryo formation rates were evaluated, it was determined that semi-solid medium was more
successful than double-layer medium. While the embryo formation rate in semi-solid medium was 15.91%, it
was 4.1% in double-layer medium. The highest embryo formation rate of 21.03% was obtained from anthers
cultured in semi-solid medium at a dose of 0.6% colchicine for 14 days. The lowest rate of 1.17% was
determined in the application of 0.6% colchicine in double-layer medium for 21 days (Table 3).

Tablo 3. Embryo formation rate according to different medium structure, colchicine doses and colchicine
application duration(%)

Medium Colchicine Dose (%) Application duration (Day)
14 21
0.3 14.77a 12.40b
Semi-solid 0.4 11.87b 20.00a
0.6 21.03a 15.40b
0.3 3.87a 5.20a
Double-layer 0.4 4.83b 8.50a
0.6 1.67a 1.17a
LSD%1 1.693

The average values indicated with different letters in each line are statistically different from each other.

-

Figure 5. Some embryos obtained in the study

Media and colchicine application duration had significant effects on plant regeneration rates. The highest
plant regeneration rate was obtained as 53.74% in colchicine application for 14 days in semi-solid medium.
This was the most successful plant regeneration result obtained in the study. Application of colchicine for 21
days resulted in similar plant regeneration rates in both media structures (Table 4).
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Table 4. Effect of aplication period X medium on plant regeneration rate (%)

Application Period (Day) Medium
Semi-solid Double-layer
14 53.74a 27.90b
21 46.68a 45.03a
LSD%1 13.033

The average values indicated with different letters in each line are statistically different from each other.

In semi-solid medium, the plant regeneration rates varied between 47.56% and 52.75% and the difference
was found to be statistically insignificant. In double-layer medium, the highest plant regeneration rate
(47.32%) was observed at 0.4% colchicine dose (Table 5).

Table 5. Effect of medium X dose on plant regeneration rate (%)

Medium Colchicine Dose (%)
0.3 04 0.6
Semi-solid 52.75a 50.33a 47.56a
Double-layer 27.21b 47.32a 36.11ab
LSD%5 11.626

The average values indicated with different letters in each line are statistically different from each other.

Figure 6. Some plantlets developed from the obtained embryos

Comlekcioglu (2021) determined that the addition of colchicine to the nutrient medium in pepper anther
culture increased the embryo formation frequency by 89.5% in semi-solid medium and 36.8% in double-
phase medium compared to the control medium. In his study, 19, 36 and 23 embryos were obtained from the
control without colchicine, semi-solid and double-layer media containing 0.3% colchicine, respectively. The
number of regenerated plants from the embryos was reported as 15, 26 and 19, respectively. In a study
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comparing anther culture and shed-microspore culture, it was reported that the anther culture method was a
more reliable and successful option than shed-microspore culture to obtain haploid plants in pepper varieties
(Kanmaz, 2021).

At the end of the experiment, the plants that were fully developed from the embryos obtainedand transferred
to the greenhouse were grouped as H and SDH according to the presence of pollen in the flowers, the
presence of seeds in the fruits and the number of stomata on the leaves. 10 plants were evaluated from each
application. In the applications made in double-layer medium, 2-7 plants were transferred to the greenhouse
and observations were made on these plants. The number of stomata, stomata width and length in donor, H
and SDH plants are presented in Table 6 and shown in Figure 7, Figure 8, and Figure 9.

Table 6. Average stomata number, stomata width and length in donor, haploid and SDH plants

Ploidy Level Sto(rg.%t;\mrl:]rzr;ber Stomata Width (um) Stomata Length (um)
Donor 11.25b 23.83ab 29.78a
Haploid 21.75a 21.73b 25.38b

SDH 13.25b 26.43a 31.38a
LSD%1 3.447 3.374 3.346

The average values indicated with different letters in each line are statistically different from each other.
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Figure 9. SDH plant stoma image

While haploid plants have an average of 21.75 stomata per unit area, this number varies between 11.25 and
13.25 in donor and SDH plants, respectively. Although stomatal width and length in SDH plants are larger
than those in haploid plants, considering the turgor status of the plant, the number of stomata is thought to be
a more decisive criterion in determining the characteristics of plants. Therefore, the number of stomata has
been evaluated as an important indicator in the classification of plants as haploid and SDH. Bat et al. (2021)
reported the number of stomata in the same unit area in pepper as 10.71 in haploid and 27.07 in SDH.

In the study, the relationships between variables were evaluated through pairwise correlation analyses, and
the resulting correlation coefficients are presented in Table 7. A strong, negative, and statistically highly
significant correlation was observed between the embryo rate and the culture media (r = -0.885; P <0.01). A
moderate, negative, and significant correlation was also determined between the plant regeneration rate and
the media (r = -0.528; P < 0.01). Furthermore, a moderate, positive, and statistically significant correlation
was found between the plant regeneration rate and the embryo rate (r = 0.519; P < 0.01). The correlation
coefficients calculated for other variable pairs were not statistically significant (P > 0.05).

Table 7. Correlation analysis between variables

Medium  Application Duration Dose Embryo rate Plant regeneration
Medium 1
Application duration ~ 0.000ns 1
Dose 0.000ns 0.000ns 1
Embryo rate -0.885** 0.058ns 0.047ns 1
Plant regeneration -0.528** 0.154ns -0.160ns 0.519** 1

ns = not significant, * = significant at alfa level %5, ** = significant at alfa level %1

A total of 336 plants were examined in the study conducted to determine haploid and SDH plants. In the
application carried out for 21 days at 0.6% colchicine dose in semi-solid medium, the highest SDH rate was
found as 74.28% (26 plants). In the application carried out at the same dose for 14 days, the SDH plant rate
was determined as 69.05% (29 plants). The SDH plant rate from embryos obtained from medium without
colchicine varied between 44.74% and 48.89%. Four plants obtained from the application of 0.3% colchicine
for 14 days in double-layer medium were evaluated as SDH. One plant was determined as SDH from the
application of 0.6% colchicine for 14 days and two plants were determined as SDH from the application of
21 days. These results show that colchicine is effective in increasing the SDH plant rate and that SDH plant
rates change in different medium conditions at different doses and times. In addition, it is understood that
different medium conditions also affect the SDH plant rates. In our study, it was determined that the SDH
plant rates obtained from media containing colchicine were higher than the control groups without colchicine
(Table 8).
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Table 8. Numbers and rates of haploid, SDH plants obtained from applications (%)

Medium Application Colchicine Number of Haploid Number of SDH Plant
duration Dose % Haploid Plant Rate % SDH Plant Rate %
(Day) Plant
14 0.0 23 51.11 22 48.89
0.3 20 44.44 25 55.56
0.4 9 36.00 16 64.00
0.6 13 30.95 29 69.05
Semi-solid
21 0.0 21 55.26 17 44.74
0.3 13 43.33 17 56.67
0.4 18 4091 26 59.09
0.6 9 25.72 26 74.28
14 0.3 - 00.00 4 100.00
0.4 1 33.33 2 66.67
Double- 0.6 - 00.00 1 100.00
layer 21 0.3 2 28.58 5 71.42
0.4 4 26.67 11 73.33
0.6 - 00.00 2 100.00

A total of 1020 embryos were obtained from hot pepper anthers and 516 of them developed into normal
plants. In the ploidy level analyses performed on 516 regenerative plants, spontaneous chromosome doubling
was observed in 40.70% (Misal & Das, 2023). In a study conducted by Keles et al. (2015), SDH rates were
compared in plants obtained by using anther culture in seven Charleston, six bell pepper, eight capia and
seven pointed pepper genotypes. It was stated that SDH rates varied among different pepper species. The
highest SDH plant rate was observed as 53.4% in bell pepper. 31.9% SDH plant rate was determined in
Charleston pepper. 30.4% plant SDH rate was found in capia pepper. 22.2% SDH plant rate was determined
in pointed pepper. These data show that SDH plant rates vary in different pepper types, with bell pepper
having the highest SDH plant rate. The ability of chromosomes to self-duplicate depends on the genotype. In
contrast to pepper, spontaneous chromosome doubling rates were reported as 23% in melon (Hooghvorst et
al., 2020) and 63-72% in barley (Mirzaei et al., 2011).

Studies on pepper anther culture show that SDH ratios can vary widely depending on the genotype, culture
medium, colchicine dose used and other conditions. SDH ratios have generally been reported ranging from
13% to 65%, and SDH ratios are generally lower than haploid ratios. Mityko et al. (1995) and Gyulai et al.
(2000) reported that SDH ratios of regenerated plants varied between 65%; Gemesne et al. (2000), 29.8%;
Supena et al. (2006), 13% to 51%; Ercan et al. (2006), all of the 76 plants developed in pepper anther culture
were haploid; Niklas-Nowak et al. (2012), approximately 50%; Keles et al. (2015), 39%; Alremi et al. (2014)
reported that 94% of the 40 plants obtained were haploid, while Ar et al. (2016) reported that 51.6% of the
122 plants were SDH, 42.6% were haploid and 5.73% were mixoploid.

Methods to identify haploids and determine spontaneous chromosome doubling in androgenic plants play an
important role in plant breeding and genetic research. Chromosome counting from root tip cells under a
microscope and measuring the amount of DNA present in the cell nucleus by flow cytometry provide fast
and reliable results. Haploids can also be identified using molecular markers.

Morphological and anatomical markers are easy and economical to analyze to determine the success of
chromosome folding. SDH allows bypassing laborious treatments with antimitotic agents.

It is known that there is a significant and reliable correlation between stomatal numbers of haploid and SDH
plants (Przywara et al., 1988; Cramer, 1999; Aryavand et al., 2003; Yuan et al., 2009; Da Silva et al., 2020;
Bat et al., 2021; Tammu et al., 2021; Castafieda-Nava et al., 2023). Studies on stomatal size and stomatal
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density per unit area of haploid plants show that haploid plants have smaller stomata than diploids and

therefore have more stomata per unit area (Omidbaigi et al., 2010; Glowacka et al., 2010; Hannweg et al.,
2013; Widoretno, 2016; Comlekcioglu & Ozden, 2019).

The distinction between haploid and diploid plants in plants obtained from anther culture in Capsicum
annuum was tested in 170 plants. The results showed that the mean stomatal length and number were 26.4
um and 7.4 pm in haploid, 35.2 um and 5.8 pm in diploid, and 33.3 percent (%) and -30% higher in diploid
compared to haploid. Thus, haploid and diploid were significantly different in these parameters and
measurement of stomatal length is a rapid technique to determine the ploidy level in pepper (Shrestha &
Kang, 2016). ilhan and Kurtar (2022) determined the ploidy levels of the plants obtained as a result of anther
culture in 12 pepper genotypes by stomatal measurements (stomatal size, chloroplast number and number of
stomata per unit area). As a result of stomatal characteristics of 18 plants, 13 plants were haploid and 5
plants were diploid. In the study conducted by Bat et al. (2021), higher stomatal density was found in haploid
plants compared to diploid plants. The average number of stomata per unit area was 27.07 in haploid pepper
and 10.71 in diploid pepper. It was determined that the average stomatal width was 22.52 pum in haploid
pepper and 29.50 um in diploid pepper and the difference between ploidy levels was significant. Haploid
eggplants showed a stomatal density of 29.20 stomata per unit area, whereas doubled haploid (DH) plants
had a reduced density of 12.61. The average stomatal lengths were 22.32 um in haploids and 32.00 um in
DH plants, with corresponding widths of 17.36 um and 22.32 um. This suggests that DH plants possess
larger but fewer stomata compared to their haploid counterparts. Haploid onion plants had stomatal lengths
and widths of 27.2 um and 25.5 um, respectively, with a density of 157.6 stomata per mm?. Diploid onions
displayed larger stomata (39.1 um in length and 31.0 um in width) but a lower density of 129.0 stomata per
mmg2. These findings highlight a positive correlation between ploidy level and stomatal size, and a negative
correlation with stomatal density (Foshi et al., 2013). It was investigated whether morphological and
cytological analyses would be sufficient for ploidy determination of haploid plants obtained by ovary culture
in watermelon. For this purpose, stomatal, morphological and cytological characteristics of 15 haploid and
19 doubled haploid plants were determined. Before these analyses, the ploidy level of the plants was
determined by flow cytometry. It has been reported that stomatal traits can be used as morphological markers
to determine the ploidy level of plants (Kara et al., 2024). Antimitotic agent application efficiency depends
on the application conditions, especially its concentration and exposure duration. Furthermore, the plant
developmental stage is critical for agent accessibility and plant survival. Current methods can be used to
further improve genome doubling methodology for major vegetable species (Fomicheva et al., 2024).

CONCLUSION

In pepper breeding studies, haploid plant production via androgenesis has been focused on. In pepper
androgenesis, anther culture is the most effective method widely used by various researchers. The effects of
many factors on obtaining haploid plants have been studied. Recently, spontaneous chromosome doubling
has become the focus of attention in order to increase the plant production rate by testing and optimizing
different procedures. Colchicine is a compound widely used to induce polyploidy in plant tissue culture and
can have significant effects on plant development. Colchicine disrupts spindle formation during cell division,
leading to an increased chance of chromosome folding. This can lead to the formation of larger and healthier
embryos, increased viability and developmental potential of the embryos thus increasing embryo yield and
potentially higher yields of viable plants. Since in vitro colchicine application will be carried out in a
controlled environment, it minimizes the effect of external factors. It can provide higher efficiency and faster
achievement of the desired effect. This is an important advantage in breding studies when time is critical. For
these reasons, more experiments on in vitro colchicine applications and adoption of in vitro applications in
breeding studies are necessary.

This study shows that embryo formation and plant regeneration rates in pepper anther culture vary
significantly depending on the nutrient medium, colchicine dose and application times. The analyses showed
that embryo formation and plant regeneration were more successful in semi-solid medium compared to the
double-layer medium. It was observed that especially 0.3% and 0.4% colchicine doses were associated with
higher regeneration rates. However, it was determined that plant regeneration rates decreased as colchicine
dose increased. It was also determined that SDH plant rates varied depending on the duration and dose of
colchicine application and that colchicine application increased the SDH rate.
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As a result, colchicine applications in anther culture have been found to affect embryo formation and
development. In anther culture, spontaneous chromosome doubling may occur due to stress conditions.
When colchicine is applied, this may increase the probability of doubling. It has been determined that the
effectiveness of colchicine in promoting embryo yield and chromosome doubling depends on the application
dose and exposure time. Careful dose adjustment during application is important both to increase embryo
yield and to achieve desired polyploidy levels. These applications need to be carefully optimized.

According to the results of this study, the following suggestions can be made to increase the efficiency of
future studies and contribute to the wider application of haploidy techniques in pepper plants.

The highest percentage of SDH plants (74.28%) was obtained when 0.6% colchicine was applied for 21 days
in semi-solid medium. Future studies could examine the effects of higher or lower colchicine concentrations
and different application times on SDH rates. Determining the optimum dose is important to maximize SDH
production without negatively affecting plant growth.

Although double-layered media have lower embryo formation rates than semi-solid media, trials could be
conducted to improve the efficiency of these media with different nutrient compositions or hormone
additions.

Considering that SDH rates vary depending on the genotype, investigating the effectiveness of colchicine
applications in different pepper genotypes and conducting studies on a wide genetic base can make an
important contribution.

In addition to colchicine, the efficacy of antimitotic agents such as oryzalin and trifluralin on SDH
production can be investigated. It should be examined whether these agents have lower toxicity or offer
higher success rates.
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ABSTRACT INEO
Sesame (Sesamum indicum L.) is a globally significant oilseed crop valued for its high-quality oil, rich Received:
in unsaturated fatty acids and antioxidants, yet its production faces challenges such as low vyield, 08.03.2025
shattering losses, and variable oil quality, particularly in semi-arid regions like Iran where domestic Accepted:
demand necessitates enhanced local cultivation. This study aimed to investigate how row spacing (30, 03.04.2025

45, 60 cm) and plant density (5, 8, 11, 14 cm) affect oil yield and fatty acid composition in the non-
shattering sesame cultivar. Conducted in 2020 at the Moghan Agricultural Research Station in
Northwest Iran, the experiment utilized a strip plot design based on a completely randomized block
design with four replications. Treatments combined row spacings and plant densities, with oil content
and fatty acid profiles analyzed via gas chromatography, and data evaluated using ANOVA, LSD and
regression tests. Results revealed that a row spacing of 45 cm with plant spacings of 8—-11 cm (20-28
plants/m2) maximized oil content at 55.45% and optimized fatty acid profiles, particularly increasing
linoleic acid (up to 48.31%) while maintaining oleic acid levels (up to 40.85%), with significant RS x
PS interactions (P < 0.01) highlighting their combined influence. These findings provide practical
recommendations for Iranian farmers to enhance sesame oil quality and yield, contributing to
sustainable production systems in semi-arid regions and reducing reliance on imported edible oils,
while suggesting further multi-year studies to address environmental variability in fatty acid
biosynthesis.
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INTRODUCTION

Sesame (Sesamum indicum L.), one of humanity’s oldest oilseed crops, is globally revered for its high-quality
oil, which is rich in unsaturated fatty acids, antioxidants, and lignans (Babu et al., 2024; Langyan et al., 2022).
Sesame oil is highly valued for its nutritional and health benefits, primarily due to its fatty acid composition
and bioactive compounds. It is rich in unsaturated fatty acids, particularly oleic (omega-9) and linoleic (omega-
6) acids, which contribute to cardiovascular health (Gouveia et al., 2017; Oboulbiga et al., 2023). The oil also
contains important bioactive compounds such as lignans, tocopherols, and phytosterols, which possess
antioxidant properties (Oboulbiga et al., 2023; Wacal et al., 2024). Sesame oil's unique composition makes it
valuable for both culinary and industrial applications, particularly where oxidative stability is crucial (Kouighat
etal., 2025). Global sesame production has increased substantially over the past 60 years, with Asia and Africa
as primary producers (Sanni et al., 2024). Globally, sesame is cultivated on approximately 13 million hectares,
yielding around 6 million tons of seeds with an average productivity of 520 kg per hectare. In Iran, the 2023
crop year demonstrated the country's growing influence in the sesame market, with over 42,000 hectares
dedicated to sesame cultivation, producing an average yield of 690 kg per hectare and resulting in a total seed
yield of 29,000 tons (FAOSTAT, 2023). Iran faces a significant challenge in meeting its domestic demand for
edible oils, as the country imports approximately 90% of its required oilseeds and vegetable oils to bridge the
gap between production and consumption (Mohammadi et al., 2013). This heavy reliance on imports
underscores the urgent need to enhance local cultivation of oilseed crops that are well-suited to Iran's climatic
conditions, such as sesame. Sesame, being a drought-tolerant crop, is particularly adapted to regions with water
scarcity, making it an ideal candidate for expanding agricultural output in Iran's arid and semi-arid landscapes
(Gholamhoseini & Dolatabadian, 2024). Despite its economic importance, sesame production faces challenges
such as low yield, shattering losses, and variability in oil quality, necessitating innovative agronomic strategies
(Rauf et al., 2024; Yadav et al., 2022). Agronomic practices, including planting arrangement (row spacing)
and plant density, are critical determinants of sesame crop performance (Ngala et al., 2013). These factors
influence light interception, nutrient uptake, and intra-plant competition, ultimately affecting yield and
biochemical profiles (Imo, 2012). Optimal row spacing is essential to maximize light interception, nutrient
uptake, and plant population density while minimizing competition among plants, particularly in diverse
agroecological conditions. For soybeans, row spacings of 25-51 cm have been shown to maximize seed yield
and resource use efficiency (Abeje et al., 2020). In rapeseed, narrow row spacings of 15 cm are recommended
to achieve higher seed yields (Ozer, 2003). Similarly, for sesame, row spacings of 30 cm combined with intra-
row spacings of 5 cm have been found to optimize seed and oil yields (Oztiirk & Saman, 2012). Investigations
in sesame under semi-arid regions have demonstrated that narrower row spacings can enhance yield under
rainfed conditions, while wider spacings may benefit irrigated systems by reducing plant stress (Ali et al.,
2020). Koocheki et al. (2017) reported that the diamond pattern with 50 plants/m? achieved the highest dry
matter and seed yield (1100 g/m?), while the same pattern with 30 plants/m?2 produced the most seeds (47) and
capsules (19.2) per plant. Increasing density from 30 to 50 plants/m2 reduced 1000-seed weight by 13% and
harvest index from 31% to 28%. The diamond pattern with 50 plants/m2 was identified as optimal for sesame
cultivation in Mashhad, Iran. In contrast, Habibzadeh and Gholamhoseini (2022) reported no significant
difference in sesame yield across various planting patterns. The discrepancy in researchers' findings may be
attributed to sesame's differing responses to planting patterns, influenced by cultivar characteristics (especially
branching type), planting date, irrigation method, soil fertility, and growing season length (Gholamhoseini et
al., 2024). Recent advances in sesame breeding have prioritized non-shattering traits to reduce post-harvest
losses (Gebremichael, 2017; Rauf et al., 2024). Sesame breeding programs focus on developing cultivars with
minimized shattering to achieve high-yielding and shatter-resistant varieties (Gedifew, 2024). Yet, optimal
cultivation practices for these cultivars are poorly defined. Wider row spacing improves photosynthetic
efficiency and oil content (EI Harfi et al., 2021), light penetration and air circulation, reducing fungal diseases
and promoting healthy plant growth. However, excessive spacing may lead to reduced competition, potentially
lowering yield due to fewer plants per unit area (Khan & Islam, 2023; Oztiirk & Saman, 2012). Closer spacing
may be more beneficial as plants can utilize available water efficiently (Ali et al., 2020; Filimon & Worku,
2018). However, these findings may not extrapolate to modern non-shattering genotypes, which exhibit a
modified canopy architecture, with curly and larger leaves, which could alter light interception and canopy
density compared to traditional varieties (Teboul et al., 2022; Yol et al., 2021). The fatty acid profile of sesame
oil is highly sensitive to environmental and agronomic factors. For example, drought stress elevates oleic acid
but reduces linoleic acid (Kim et al., 2006; Tas et al., 2024), while this trend is also observed with increasing
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nitrogen application (Gholamhoseini, 2022; Tas et al., 2024). Row spacing influences the fatty acid profile of
sesame oil. Closer row spacing (37.5 cm) was associated with higher contents of eicosenoic acid and saturated
fatty acids compared to wider spacing (75 cm) (Bhardwaj et al., 2015). Additionally, row spacing significantly
affected oleic and linoleic acid contents, with interactions between row spacing and irrigation also playing a
role (Alpaslan et al., 2001). This study explores how row spacing (30, 45, 60 cm) and plant density (5, 8, 11,
14 cm) affect oil yield and fatty acid profiles in a non-shattering sesame cultivar, aiming to fill existing research
gaps. It hypothesizes that wider row spacing boosts oil percentage by reducing competition within rows, while
a moderate plant density improves fatty acid composition by optimizing light penetration and photosynthetic
efficiency. The findings seek to offer practical recommendations for farmers and breeders to enhance sesame
oil quality and yield.

MATERIAL AND METHODS

For finding the optimal planting arrangement and density to enhance oil yield and fatty acid composition in a
non-shattering sesame cultivar, an experiment was conducted during the 2020 cropping season at the
Agricultural Research and Education Center of Ardabil Province, located at the Moghan Agricultural Research
Station in the Moghan Plain, Northwest Iran (N39°39', E47°68", sea level= 78 m). The layout of the experiment
was as according to a strip plot design based on a completely randomized block design with four replications.
For this purpose, the effect of row spacing (30, 45, and 60 cm) was considered as the vertical factor, and the
plant spacing within rows (5, 8, 11, and 14 cm) was considered as the horizontal factor. Based on data from
the Iran Meteorological Organization (IRIMO, 2021), this area experiences a semi-humid and moderately
warm climate. Over the past 30 years, the average annual precipitation has been 251 mm, with most of it
occurring in the autumn and early spring. The region experiences a range of precipitation from a minimum of
72.9 mm to a maximum of 523 mm every year. The average annual maximum temperature is 35°C, while the
average annual minimum temperature is 8°C. The mean yearly relative humidity stands around 71%. The
weather conditions of the experimental site during the sesame growing season in 2020 are presented in Table
1.

Table 1. Meteorological data for the moghan region during the sesame growing season in 2020

July August September October November
Minimum Temperature (°C) 19.2 215 17.9 14.2 7.1
Maximum Temperature (°C) 33.3 325 26.8 23.9 18.8
Average Temperature (°C) 27.6 27.0 224 19.1 13.0
Precipitation (mm) 0.1 3.9 43.5 29.2 6.2

Physical and chemical properties of the soil at the experimental site are presented in Table 2.

Table 2. Physical and chemical properties of the soil at the experimental site

Silt-Clay-Sand Organic Nitrogen Phosphorus Potassium Salinity H
(%) Matter (%) (%) (mg/kg) (mg/kg) (dS/m) b
35-42-23 1.35 0.13 10.52 488 0.56 7.95

After land preparation operations in the spring, including plowing, discing, and ridge formation (based on the
experimental treatments and by adjusting the distance between ridges), sesame seeds were manually sown at
a depth of 1-2 cm in the third decade of June. Based on soil test results, the field soil had a clay-loam texture,
pH of 8, salinity of 0.52 dS/m, and 0.11% nitrogen. Additionally, the levels of phosphorus and potassium in
the soil were 7.2 mg/kg and 390 mg/kg, respectively. Fertilization was applied according to the local practices
in the Moghan region, consisting of 150 kg/ha of urea and 150 kg/ha of phosphate fertilizer, with an additional
50 kg/ha of urea applied as a top-dressing before the flowering stage. Each experimental plot consisted of six
planting rows, each 4 meters long. The distance between plots was 1 meter, and the distance between blocks
was 2 meters. The non-shattering sesame cultivar (Mohajer) was used, with a germination rate of 98% and
purity of 99%. This cultivar, originating from Iran's sesame breeding programs focused on non-shattering
traits, was bred using pureline selection methods. The first irrigation was applied immediately after planting,
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with subsequent irrigations performed based on the plant’s water needs in a rotational irrigation system. For
weed control, 2 liters/ha of the herbicide trifluralin was applied before planting, and manual weeding was
conducted during the growing season. To control leaf-eating pests, 250 ml/ha of the insecticide Avaunt was
applied in two applications.

Oil content and fatty acid profile analysis

The fatty acid profile of sesame oil was determined using a gas chromatography (Agilent/HP Model 6890)
system at the Plant Laboratory of the Research Institute of Forests and Rangelands, Karaj, Iran. First, lipids
were extracted from ground sesame seeds using a Soxhlet apparatus with n-hexane as the solvent, followed by
drying at 75°C to remove moisture. The extracted oil was then converted into fatty acid methyl esters (FAMES)
through transesterification with methanol and a catalyst (e.g., sodium methoxide or sulfuric acid) at 60-80°C
for 30-60 minutes, purified with hexane, and dried with anhydrous sodium sulfate. The FAME sample (1-2
ML) was injected into the GC equipped with a polar capillary column (e.g., DB-23 or BPX-70, 30 m x 0.25
mm x 0.25 um) and analyzed using a flame ionization detector (FID). The oven temperature was programmed
to start at 140°C, ramp at 4-10°C/min to 220-240°C, and hold for 10-15 minutes, with helium as the carrier
gas at 1-2 mL/min, injector temperature at 250°C, and detector temperature at 260°C. FAMESs were identified
by comparing retention times with known standards, and their percentages were quantified using peak areas
relative to the total, processed with software like Agilent ChemStation, ensuring calibration with FAME
standards for accuracy and reproducibility.

Data analysis

SAS software (version 9.1) was used to analyze the data after confirming the normality of the experimental
data and the homogeneity of variance errors. Furthermore, because of the significant interaction between row
spacing and plant spacing, the means comparison for the interaction was conducted using the interaction slicing
method combined with the Least Significant Difference (LSD) test, also implemented in SAS. Regression
analysis was performed using Excel software, while correlation analysis was conducted using JMP (version
16).

RESULTS AND DISCUSSION

The analysis of variance (ANOVA) demonstrated that row spacing (RS), plant spacing (PS), and their
interaction (RS x PS) exerted significant effects on oil content and fatty acid composition in the non-shattering
sesame cultivar 'Mohajer' (Table 3). These effects were significant at the 1% probability level (P < 0.01) for
most traits, with stearic acid showing significance at the 5% level (P < 0.05) for RS and PS effects. Block
effects were also significant (P < 0.01) for oil content, palmitic acid, palmitoleic acid, linoleic acid, a-linolenic
acid, and arachidic acid, reflecting spatial variability across experimental units. The low coefficients of
variation (CV: 0.007%-4.590%) and minimal error terms indicate high experimental precision and data
reliability (Table 3).

Table 3. Analysis of variance for oil content and fatty acid composition in a non-shattering sesame cultivar

S.o.V!? DF Qil Content Palmitic Acid Palmitoleic Acid Stearic Acid
B 3 0.077** 0.000** 0.000** 0.018
RS 2 66.140** 0.021** 0.008** 0.123*
Ers 6 0.002 0.000 0.000 0.017

PS 3 8.051** 0.092** 0.002** 0.266**
Eps 9 0.003 0.000 0.000 0.017
RS x PS 6 28.197** 0.101** 0.003** 0.130**

E 18 0.003 0.000 0.000 0.016
CV (%) 0.090 0.030 4,590 2.460

* and ** indicate non-significance and significance at 5% and 1% probability levels, respectively. S.0.V: source of variations; DF: degree of freedom;
B: block; RS: row spacing; Ers: error term for row spacing; PS: plant spacing; Eps: error term for plant spacing; RS x PS: row spacing x plant spacing
interaction; E: experimental error; CV: coefficient of variations
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Table 3. Continuation of Table 3

S.oVv!?! DF Oleic Acid Linoleic Acid  e-Linolenic Acid  Arachidic Acid
B 3 0.002 0.001** 0.001** 0.000**

RS 2 7.695** 17.332** 0.013** 0.003**
Ers 6 0.001 0.000 0.000 0.000

PS 3 2.855** 4.360** 0.034** 0.071**
Eps 9 0.000 0.000 0.000 0.000

RS x PS 6 20.633** 6.861** 0.050** 0.012**

E 18 0.000 0.000 0.000 0.000

CV (%) 0.030 0.007 0.590 0.810

3* and ** indicate non-significance and significance at 5% and 1% probability levels, respectively. S.0.V: source of variations; DF: degree of freedom;
B: block; RS: row spacing; Ers: error term for row spacing; PS: plant spacing; Eps: error term for plant spacing; RS x PS: row spacing x plant spacing
interaction; E: experimental error; CV: coefficient of variations

Oil content

Oil content (OC) was significantly influenced by row spacing, plant spacing, and their resulting plant densities
(Table 4), with the highest oil content (55.45%) observed at a row spacing of 45 cm, a plant spacing of 11 cm,
and a density of 20 plants/m2, compared to the lowest (47.52%) at a row spacing of 60 cm, a plant spacing of
5 cm, and a density of 33 plants/m2; moderate row spacings of 45 cm with plant spacings of 8-11 cm (densities
of 20-28 plants/m?) consistently yielded higher oil contents (52.73%-55.45%), likely due to optimized light
interception and reduced competition, while wider spacings of 60 cm with 5 cm plant spacing (33 plants/m?)
reduced oil content, possibly due to fewer plants per unit area, with the significant RS x PS interaction (P <
0.01) underscoring their combined effect; additionally, regression analysis (Figure 1) revealed a quadratic
relationship where oil content dipped to ~50% at 30—40 plants/m2 before peaking at ~55% at 60—70 plants/mz,
though the low R2 (0.0926) indicates that plant density alone explains only 9.26% of the variability, suggesting
other factors like environmental conditions or genetics also play key roles.

Table 4. Mean comparisons of interaction effects for oil content and fatty acid composition in a non-shattering
sesame cultivar

RO\_N Plant Density Oil Palmitic Palmitoleic Stearic  Oleic  Linoleic a-Linolenic  Arachidic
Spacmlg Spacing (PIm?) Content Acid Acid (%) Acid Acid Acid Acid (%) Acid (%)
(cm) (cm) (%) (%) %) (%) (%)
5 67 53.77° 9.0742 0.0822 49982 36.15¢9 47.65P 0.2924 0.5052
20 8 42 55.102 8.872b 0.064° 5.053¢ 36.21°¢  48.312 0.4192 0.458P
11 30 51.30¢ 8.728¢ 0.067° 5.0252 37.24°  47.52¢ 0.342¢ 0.3424
14 24 48.874 8.6194 0.064° 5178 40.312  46.79¢ 0.386° 0.427¢
5 44 52.11¢ 8.775° 0.1732 5.013> 39.43>  47.70P 0.207¢ 0.6222
45 8 28 52.73b 8.6644 0.099¢ 5.2822  39.572 457114 0.193¢ 0.470°
11 20 55.452 8.703¢ 0.106° 5.0432  36.05¢ 47.73?2 0.5502 0.3244
14 16 55.412 8.9492 0.089¢ 5.123% 36.06° 46.82° 0.269° 0.432¢
5 33 47524 8.769¢ 0.0744 4.837¢ 37.84° 47.16% 0.350° 0.5032
60 8 21 51.32b 8.8672 0.088¢ 5.195° 36.84¢  46.41° 0.268¢ 0.474
11 15 48.31¢ 8.556¢ 0.102° 5.6492  40.852  43.49¢ 0.299¢ 0.431¢
14 12 52.352 8.8240 0.1272 5271  39.67°  45.00° 0.3842 0.364¢

1 Within each trait and treatment, means with the same letter are not significantly different (P>0.05)
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Fatty acid composition

The fatty acid profiles of sesame oil were significantly influenced by row spacing and plant density, with
distinct trends observed for saturated, monounsaturated, and polyunsaturated fatty acids (Table 4 and Figure

1).
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Figure 1. The effect of different densities on oil content and fatty acid composition in a non-shattering

Palmitic Acid (Saturated): Palmitic acid concentrations ranged from 8.556% (row spacing 60 cm, plant spacing
11 cm, 15 plants/m?) to 9.074% (30 cm, 5 cm, 67 plants/m2), showing significant variation with row spacing
and plant density (Table 4, Figure 1). The regression trend exhibited a U-shaped pattern, decreasing from 0 to

sesame cultivar
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~30 plants/mz2 then increasing to 80 plants/m2 (Rz = 0.4673), suggesting moderate density influence possibly
due to competition-driven metabolic adjustments. Stearic Acid (Saturated): Stearic acid concentrations varied
from 4.837% (row spacing 60 cm, plant spacing 5 cm, 33 plants/m?) to 5.649% (60 cm, 11 cm, 15 plants/m?),
influenced significantly by row spacing and plant density (Table 4, Figure 1). The regression trend showed a
decrease to ~40 plants/m2 followed by a slight increase (R2 = 0.4107), indicating density sensitivity with
potential contributions from unmodeled factors.

Palmitoleic Acid (Monounsaturated): Palmitoleic acid, present in low amounts, ranged from 0.064% (row
spacing 30 cm, plant spacing 8 or 14 cm, 42 or 24 plants/m?2) to 0.173% (45 cm, 5 cm, 44 plants/m?), with
significant effects from row spacing and plant density (Table 4, Figure 1). The regression trend peaked at 20—
30 plants/m?, declining on either side (R? = 0.3469), reflecting high variability and minimal density impact,
likely dominated by environmental factors.

Oleic Acid (Monounsaturated): Oleic acid concentrations spanned 36.05% (row spacing 45 cm, plant spacing
11 cm, 20 plants/m?) to 40.85% (60 cm, 11 cm, 15 plants/m?), showing significant variation with row spacing
and plant density (Table 4, Figure 1). The regression trend increased slightly to ~20 plants/m? then gradually
declined (R2 = 0.1513), suggesting complex interactions with factors like irrigation or soil nutrients.

Linoleic Acid (Polyunsaturated): Linoleic acid concentrations ranged from 43.49% (row spacing 60 cm, plant
spacing 11 cm, 15 plants/m?) to 48.31% (30 cm, 8 cm, 42 plants/m?), significantly affected by row spacing and
plant density (Table 4, Figure 1). The regression trend showed a consistent increase with density from 0 to 80
plants/m2 (R2 = 0.4633), likely due to enhanced photosynthetic efficiency or stress responses.

a-Linolenic Acid (Polyunsaturated): a-Linolenic acid, present in trace amounts, ranged from 0.193% (row
spacing 45 cm, plant spacing 8 cm, 28 plants/m?2) to 0.550% (45 cm, 11 cm, 20 plants/m2), with significant
effects from row spacing and plant density (Table 4, Figure 1). The regression trend decreased sharply with
increasing density (R? = 0.0394), indicating minimal density influence and high variability from other factors.
Arachidic Acid (Saturated): Arachidic acid concentrations varied from 0.324% (row spacing 45 cm, plant
spacing 11 cm, 20 plants/m?) to 0.622% (45 cm, 5 cm, 44 plants/m?), showing significant variation with row
spacing and plant density (Table 4, Figure 1). The regression trend decreased to ~40 plants/m? and then slightly
increased (R? = 0.4437), suggesting moderate density influence with contributions from additional factors.
The significant RS x PS interaction (P < 0.01) affected all fatty acid profiles, emphasizing the importance of
optimizing row spacing and plant spacing for specific fatty acid outcomes (Table 4). Low coefficients of
variation (CV: 0.007%—4.590%) indicate high measurement precision. Moderate row spacings (45 cm) with
plant spacings of 8-11 cm (20—28 plants/m?) optimized fatty acid profiles, particularly oleic and linoleic acids,
critical for sesame oil’s nutritional value. However, variable R? values from Figure 1 suggest additional
environmental or genetic factors influence fatty acid composition, warranting further investigation.

Comparison of oil content (OC) correlations with fatty acids

The correlation matrix reveals distinct relationships between oil content (OC) and the fatty acid composition
of sesame seeds, providing insights into how planting arrangements influence oil quality (Figure 2). OC
exhibits a moderate positive correlation with linoleic acid (0.42**), indicating that higher oil yields are
associated with increased levels of this essential omega-6 polyunsaturated fatty acid, which is nutritionally
beneficial for cardiovascular health. This suggests that agronomic practices favoring higher oil production,
such as denser planting arrangements (e.g., row spacing of 30 cm and plant spacing of 8 cm), may also enhance
linoleic acid content, reflecting shared metabolic or environmental responses. In contrast, OC shows a strong
negative correlation with oleic acid (-0.66**), highlighting a significant trade-off where higher oil content
corresponds to lower oleic acid levels, crucial for oil stability and oxidative resistance. This inverse
relationship, observed with oleic acid peaking at 40.85% under wider spacing (row spacing 60 cm, plant
spacing 11 cm), suggests that maximizing oil yield might compromise oil shelf life. OC also shows a moderate
positive correlation with palmitic acid (0.55**), indicating a slight increase in this saturated fat with higher oil
content, though the effect is less pronounced than with linoleic acid. Weaker correlations include a negligible
negative relationship with stearic acid (-0.10), a minor positive association with a-linolenic acid (0.19), and
weak negative correlations with palmitoleic acid (0.13) and arachidic acid (-0.17), suggesting these fatty acids
are less directly influenced by oil content variations or respond differently to planting density.
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Figure 2. Correlation heatmap of oil content and fatty acid composition in a non-shattering sesame cultivar
Comparison of saturated, monounsaturated, and polyunsaturated fatty acids

The correlation matrix highlights complex interrelationships among saturated, monounsaturated, and
polyunsaturated fatty acids, reflecting their competitive or complementary metabolic pathways in sesame oil
under varying planting densities. Saturated fatty acids, such as palmitic (highest at 9.074% with row spacing
30 cm, plant spacing 5 cm), stearic (5.649% at row spacing 60 cm, plant spacing 11 cm), and arachidic (0.622%
at row spacing 45 cm, plant spacing 5 cm), show mixed correlations with monounsaturated and polyunsaturated
fats. Palmitic acid exhibits a strong negative correlation with oleic acid (-0.71**), a monounsaturated fat
(peaking at 40.85% with row spacing 60 cm, plant spacing 11 cm), indicating a trade-off, while it shows a
moderate positive correlation with linoleic acid (0.49**), a polyunsaturated fat (highest at 48.31% with row
spacing 30 cm, plant spacing 8 cm), suggesting some alignment. Stearic acid, another saturated fat, has a
moderate positive correlation with oleic acid (0.45**) but a strong negative correlation with linoleic acid (-
0.71**), indicating competition with polyunsaturated fats but synergy with monounsaturated fats. Arachidic
acid, a minor saturated fat, shows a moderate positive correlation with palmitoleic acid (0.38*), another
monounsaturated fat (highest at 0.173% with row spacing 45 cm, plant spacing 5 cm), but a strong negative
correlation with a-linolenic acid (-0.67**), a polyunsaturated fat (peaking at 0.55% with row spacing 45 cm,
plant spacing 11 cm), highlighting distinct metabolic dynamics. Monounsaturated fats, like oleic and
palmitoleic, show a moderate positive correlation (0.34*), suggesting alignment, but both have strong negative
correlations with linoleic acid (-0.70** for oleic, -0.17 for palmitoleic), indicating a clear trade-off with
polyunsaturated fats. Polyunsaturated fats, linoleic and a-linolenic, exhibit a moderate positive correlation
(0.31%), reflecting their shared nutritional role, but both face competition from saturated and monounsaturated
fats, particularly oleic acid, underscoring the need for strategic planting to balance these fatty acid profiles for
nutritional and industrial purposes.

The results of the current work offer important new perspectives on how plant density and row spacing affect
oil yield and fatty acid composition in a non-shattering sesame cultivar. The findings highlight areas for more
research and line up with and expand current knowledge by providing useful advice for best sesame growing
practices. The observed optimal combination of 45 cm row spacing and 8-11 cm plant spacing for maximizing
oil content (55.45%) is consistent with prior research emphasizing the importance of moderate planting
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densities. For instance, Koocheki et al. (2017) demonstrated that a diamond planting pattern with 50 plants/m?
enhanced dry matter and seed yield, while Oztiirk and Saman (2012) reported that narrower spacings (30 cm)
combined with intra-row spacings of 5 cm maximized seed and oil yields in second-crop sesame. Similarly,
Ali et al. (2020) found that narrower spacings improved performance under rainfed conditions, though wider
spacings were better suited for irrigated systems. These findings corroborate the current study, which
demonstrates that moderate row spacings (45 cm) combined with intermediate plant densities (8-11 cm)
optimize oil content and maintain favorable fatty acid profiles. This underscores the need for region-specific
planting strategies to balance resource use and productivity. The U-shaped response of palmitic acid to plant
density, where concentrations initially decreased then increased at higher densities, presents a novel finding
that complements earlier work by Bhardwaj et al. (2015) on shatter-resistant dwarf sesame. While their focus
was primarily on oil yield characteristics, present research reveals how metabolic adjustments under varying
competition levels specifically affect saturated fatty acid biosynthesis. This observation gains additional
significance when compared with findings from Alpaslan et al. (2001), who demonstrated row spacing effects
on sesame seed composition but did not explore the complex density-dependent relationships documented
here. Current results regarding linoleic acid's consistent increase with density (43.49%-48.31%) corroborate
and expand upon Ali et al. (2020) work in semi-arid regions, where narrower row spacings enhanced sesame
performance under rainfed conditions. The moderate positive correlation between oil content and linoleic acid
(r = 0.42**) suggests a physiological mechanism where increased photosynthetic efficiency at higher densities
directly influences polyunsaturated fatty acid biosynthesis. This relationship is particularly relevant given
linoleic acid's crucial role in cardiovascular health, as emphasized by Gouveia et al. (2017). The strong negative
correlation between oleic and linoleic acids (r = -0.70**) documented in this study provides empirical support
for the competitive nature of fatty acid biosynthesis pathways previously suggested by Kim et al. (2006) and
Tas et al. (2024). Their work on drought stress and nitrogen application effects showed similar inverse
relationships, though current findings specifically attribute these dynamics to planting arrangement variations.
This insight has practical implications for breeding programs aiming to develop sesame varieties with specific
fatty acid profiles, as noted by Rauf et al. (2024) in their comprehensive review of sesame breeding
achievements. The observed decrease in a-linolenic acid with increasing density, despite showing poor model
fit (R2 = 0.0394), contrasts with findings from Tas et al. (2024), who demonstrated significant effects of drip
irrigation and nitrogen levels on sesame oil composition. This discrepancy suggests that while agronomic
practices like irrigation and fertilization significantly influence a-linolenic acid levels, planting arrangements
may have minimal direct impact. The low variability explained by the present model indicates other
environmental or genetic factors might play more substantial roles in determining this nutritionally important
omega-3 fatty acid's concentration. Results of arachidic acid's response to planting density, showing a
decreasing trend followed by a slight increase, provide new data that complements earlier work by EI Harfi et
al. (2021) on genetic diversity in Moroccan sesame. The moderate R? value (0.4437) suggests that while
density influences arachidic acid levels, other genetic or environmental factors also contribute significantly.
This finding aligns with observations from Filimon and Worku (2018) regarding optimum inter-row spacing
for sesame production under irrigation, though our study offers more precise data on how specific planting
arrangements affect individual fatty acids. The complex interrelationships among different fatty acids revealed
through current correlation analysis, particularly the strong negative correlations between stearic and linoleic
acids (r =-0.71**) and between oleic and linoleic acids (r = -0.70**), highlight fundamental trade-offs in fatty
acid biosynthesis. These findings complement earlier work by Koocheki et al. (2017) on planting patterns and
density effects but provide more detailed biochemical insights. The observed relationships have significant
ramifications for sesame breeding programs and agricultural policy development, especially considering Iran's
emerging influence in the global sesame market, as discussed by Gholamhoseini and Dolatabadian (2024). The
practical applications of present findings are particularly relevant for regions facing similar semi-humid,
moderately warm climatic conditions as this study site. Present recommendations for 45 cm row spacing and
8-11 cm plant density offer clear guidelines for maximizing oil yield and quality, extending beyond general
suggestions from Ngala et al., (2013) about inter-row spacing and plant density effects in Nigerian Sudan
Savanna conditions. Furthermore, the documented relationships between planting arrangements and fatty acid
profiles can inform processing industries about expected oil characteristics based on cultivation practices,
supporting sustainable sesame production systems as emphasized by Sanni et al. (2024). The study's
limitations, particularly regarding environmental factors not fully controlled during the experimental period,
suggest avenues for future research. While meteorological data was recorded and soil properties analyzed,
variations in microclimate conditions and subtle differences in field management could have influenced results.
Future research should incorporate multi-year and multi-location trials to account for these variables, building
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on methodological approaches suggested by Abeje et al. (2020) in their soybean spacing studies. Additionally,
molecular approaches could help elucidate the genetic mechanisms underlying observed responses to planting
arrangements, complementing recent advances in sesame genomics documented by Yol et al. (2021) and
Teboul etal. (2022). The implications of these findings extend to economic analyses of recommended practices
under different market conditions. As noted by Mohammadi et al. (2013) regarding Iran's edible oil imports,
optimizing local sesame cultivation could significantly impact national food security and economic
sustainability. Results of the current study provide concrete data to support strategic decisions in expanding
sesame cultivation, particularly in arid and semi-arid regions where water-efficient crops are crucial, as
emphasized by Gholamhoseini (2022) in his work on irrigation and nitrogen optimization. Future research
directions should focus on integrating obtained findings with broader agronomic strategies. Long-term studies
incorporating multiple environmental variables, as suggested by Khan and Islam (2023) in their row spacing
performance analysis, would provide more comprehensive optimization strategies. Additionally, exploring the
interactions between planting arrangements and other agronomic factors such as irrigation scheduling and
nutrient management could build upon current findings and contribute to developing sustainable sesame
production systems, as emphasized by Wacal et al. (2024) in their comprehensive review of sesame's potential
benefits

CONCLUSION

This study demonstrates that optimizing planting arrangements, specifically moderate row spacings combined
with plant spacings, significantly enhances oil content and maintains desirable fatty acid profiles, particularly
oleic and linoleic acids, in the non-shattering sesame cultivar '‘Mohajer' under semi-humid conditions in
Moghan, Iran. The significant interaction between row spacing and plant density underscores their combined
impact on oil yield and composition, with regression analyses revealing density-dependent trends, though
variable values suggest additional environmental or genetic influences. These findings offer practical
recommendations for Iranian farmers to improve local sesame production, reducing reliance on imported
edible oils, while highlighting the need for further multi-year and molecular studies to refine cultivation
strategies and address variability in fatty acid biosynthesis, ultimately supporting sustainable agriculture and
food security in arid and semi-arid regions.
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INTRODUCTION

Flotation is one of the most common methods of beneficiation, which uses differences in the surface properties
of minerals for their separation in water. It is significant in the metal mining and mineral processing industries,
especially for the economic recovery of valuable metals from low-grade ores (Atak, 1990; Yekeler and
Yekeler, 2005). Flotation is considered one of the most critical processes. developments in mining and
metallurgy in the 20th century. This method has enabled the economical processing of solid fuel resources and
ores. In addition to the flotation methods widely used in the mining industry for ore and coal beneficiation,
flotation methods are also applied in fields such as chemical, food and environmental engineering (Chia et al.,
2019). Flotation is widely used in the mineral industry, but it is also used in many other fields (Peleka et al.,
2018).

The flotation process allows collectors, known as surfactants, to adsorb on the surface of certain minerals,
allowing these minerals to bind to air bubbles and be transported to the surface. This method utilizes the
different surface properties of the grains and the air bubbles created in the pulp. Separation of the grains is
achieved by the upward movement of the grains that are in contact with the air bubble (hydrophobes) and the
downward movement of the grains that are not in contact (hydrophiles) (Hacifazlioglu, 2007; Valderrama and
Rubio, 2008). This method has been widely applied for the recovery of copper (Gupta et al., 2023), zinc (Chen
at al., 2024), lead (Kee and Shoparwe, 2024) and precious metals (Fuerstenau, 2000).

Chelating agents are organic ligands that form coordination complexes with metal ions and change their
solubility, stability and reactivity. O-O-type chelating agents have functional groups containing two oxygen
atoms in their structure and form chelate structures by binding to metal ions through these atoms. They are
used in purification processes by selective precipitation or complexation of metal ions (Dwyer, 2012). It
increases the yield of reactions by acting as a ligand in transition metal catalysts. Some O-O type chelates with
antioxidant properties are used in medical treatments and drug design. It is used in the paper, textile and
detergent industries to prevent unwanted reactions by binding metal ions (Torres and Kremer, 2023).

Collectors used in the flotation of copper minerals are generally compounds that change the surface chemistry
and make the minerals hydrophobic. Collectors are divided into different categories according to their chemical
structure. O-O type chelating collectors play a strong and important role in dealing with metal ions. In the
future, more selective and efficient chelating agents can be designed by developing O-O type ligands
containing new functional groups.

The main feature of such collectors is that they show a high affinity for metal ions and form stable complexes
(Brooks and Fleming, 1989). Some of the O-O type chelating collectors are. Cupferone (N-
nitrosofenylhydroxylamine) is a selective collector for copper minerals in an acidic solution. Neocupferon acts
as a collector with its two aromatic rings in an acidic solution. Another chelating reagent for copper minerals
is 2,4-pentanedione. Octyl hydroxamate is a perfect collector for copper oxide and natural copper minerals.
The use of this reagent as a collector of copper oxide mineral is because it forms stable copper chelate. High
solubility in water. The long chain structure helps to retain the reaction product on the surface (Fuerstenau,
2000). 2-Acetyl-acetanalite is also one of the essential collectors used in the flotation of copper minerals.

The main factors determining flotation efficiency include pH, reagent concentration, solvent medium,
temperature and surface-tension relations (Marabini et al.,, 1988). In particular, the and ionic
componentssolvent medium's dielectric constant and ionic composition directly affect the collector-mineral
surface interaction (Rai, 2003). Highly efficient flotation processes depend on the collector'scollectors'
adhesion force to the mineral surface. The size of the hydrophobic area formed by the collectors on the surface
is one of the main parameters that increase flotation efficiency (Ackerman et al., 1999).

Computational chemistry methods are necessaryessential in understanding flotation reagents' effectiveness.
Density Functional Theory (DFT) has emerged as a reliable method to determine chemical systems electronic
and structural properties (Zhang et al., 2022).

In this study, the flotation efficiency of O-O type chelators were investigated using DFT. Calculations at the
B3LYP/6-31G** level and then the frequency values of the O-O type chelators optimized with the
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B3PW91/LANL2DZ basis set calculated were calculated in this study. The complex structures formed by O-
O type chelators with Cu+2 were optimized with the B3PW91/LANL2DZ basis set, and parameters such as
frequency values, relative energy (AE), atomic charges, and parameters such as frequency values, relative
energy (AE), atomic charges, and HOMO-LUMO energies were evaluated.

The main objective of this study is to determine the effectiveness of O-O type chelating collectors in the
flotation of copper minerals and to theoretically investigate their usability in the flotation of copper minerals.
The results obtained will contribute to optimizing the choice of reagents in flotation processes, the development
ofoptimizing the choice of reagents in flotation processes, and the development of more environmentally
sustainable collectors.

MATERIAL AND METHODS

All calculations of isolated complexes were executed using Gaussian 98W and GaussView 6 program package
(Chenetal., 1998). The optimized structures of Cu-complex were found at B3LYP functional in the gas phase.
In the study, LANL2DZ and 6-311++G(d,p) basis sets were used for Cu atom and rest atoms in complexes,
respectively. Geometric optimization was performed using Becke's three-parameter hybrid three-parameter
exchange function (B3LYP) within the Density Functional Theory (DFT) framework. This function, which
considers electron correlation and exchange interactions, is recognized as an effective method to accurately
describe the electronic structure of chemical systems (Becke, 1993).

In the calculations, the 6-31G basis set was used to provide sufficient accuracy to represent the wave function
of the system. To verify whether the optimized molecular structures reach a stable minimum energy
conformation, the harmonic vibrational frequencies were calculated at the same level. This analysis was
performed to determine whether each optimization point is a true minimum energy configuration and to detect
virtual frequencies, if any.

In addition, zero-point vibrational energy (ZPE) corrections were calculated and their contribution to the total
relative energy (AE) values was evaluated. For the ZPE corrections, a scaling factor of 0.9804, which is widely
used in the literature (Tantirungrotechai et al., 2006), was applied to improve the agreement between
theoretical calculations and experimental data.

To better understand the reactivity and electron distribution properties of molecules, Mulliken charge analysis
was performed. The atomic charge values calculated using the Mulliken scheme (Mulliken, 1955) provide an
important reference for evaluating the electrostatic properties, bond formation mechanisms and chemical
reactivity of molecules.

These calculations are a reliable method for understanding molecular systems' electronic and geometrical
structures and provide a fundamental source of data for predicting the interaction of flotation agents with metal
surfaces.

RESULTS AND DISCUSSION

Developing and designing new chemical reagents for froth flotation remains an active area of research aimed
at improving the efficiency of mineral separation processes. The use of selective, economical and highly
efficient reagents plays a critical role in optimizing flotation processes. In this context, Marabini et al
synthesized new compounds with chelating properties for flotation studies. The effectiveness of new flotation
reagents is based on evaluating donor-acceptor interactions between donor atoms (N, S, O, etc.) in functional
groups in the reagent molecule and metal surfaces. The structures of some O-O type chelating collectors
Cupferon, Neocupferon, 2-nitroso-1-naphthol, 2,4-pentanedione, Octyl hydroxamate and 2-Acetyl-acetanalide
are given in Fig. 1.
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Figure 1. Structures of Cupferon, Neocupferon, 2-nitroso-1-naphthol, 2,4-pentanedione, Octyl hydroxamate
and 2-Acetyl-acetanilide

Chelate rings are ringed structures formed by a multi-toothed ligand bonded to the central metal with at least
two donor atoms. Chelate compounds show high selectivity and efficiency in flotation. For a ligand to form a
chelate with a metal, it must have appropriate functional groups and form a closed heterocyclic structure with
the metal through N, O, S or P atoms in these groups. The O-O type chelating agents examined in this study,
Cupferon Neocupferon, 2-nitroso-1-naphthol, 2,4-pentanedione, octyl hydroxamate and 2-acetyl-acetanalide
form ring complexes with Cu?* ion via oxygen atoms. The efficiency of an organic compound as a flotation
collector varies depending on the chemical and structural properties of the layer formed on the metal surface.
The complex structures formed by O-O type chelating agents with copper minerals are given in Fig. 2.
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2-Acetyl-acetanalide - Cu complex

Figure 2. Complex structures formed by Cupferon, Neocupferon, 2-nitroso-1-naphthol, 2,4-pentane-dione,
Octyl hydroxamate and 2-Acetyl-acetanilide with copper mineral
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The calculated bond lengths for the 2-nitroso-1-naphthol molecule, one of the O-O type chelators, were
determined as C-O 1.276 A, N-O 1.290 A and C-C-N-O tetrahedral angle 0.001°, respectively. have measured
in experimental studies as 1.238 A, 1.362 A, and 0.6°. In this study, the calculated structural parameters of the
Cu-2-nitroso-1-naphthol complex were Cu-O: 1.924 A, Cu-0:1.975 A, C-0 1.299 A and O-C-Cu bond angle
129.308°. The experimental data were reported as 1.927 A, 1.975 A, 1.305 A and 127.090°, respectively
(Odabasoglu et al., 2006).

The calculated bond lengths for another O-O type chelating agent, 2,4-pentanedione molecule, were
determined as O-C 1.279 A, C-C 1.429 A and 0:-C: 1.279 A. Experimental studies showed these values as
1.295 A, 1.411 A and 1.282 A, respectively. In the Cu-2,4-pentanedione complex, Cu-O bond lengths were
equal and calculated as 1.941 A, while experimental studies measured 1.93 A (Hummel et al., 2009).

For octyl hydroxamate, another O-O type chelating agent, the bond lengths calculated in this study were C=0
1.285 A, C-N 1.355 A and N-O 1.373 A. While the experimental data are 1.22 A, 1.37 A and 1.37 A, ab initio
calculations are reported as 1.22 A, 1.34 A and 1.44 A, respectively. In experimental studies, these values were
1.285 A, 1.355 A and 1.373 A.

All these data show that the calculated values largely agree with the experimental findings. The efficiency of
flotation reagents can be related to certain quantum chemical parameters. Among these, the energy of the
highest occupied molecular orbital (HOMO), which determines the electron-donating capacity of a molecule,
stands out as an important parameter. The HOMO and LUMO orbitals are referred to as boundary molecular
orbitals and play a critical role in determining chemical reactivity. ZPE, AE, AH, AG, HOMO-LUMO energy
values and dipole moment values of O-O type chelators are given in Table 1.

Table 1. ZPE, AE, AH, AG, HOMO-LUMO energy values and dipole moment values of Cupferon,
Neocupferon, 2-nitroso-1-naphthol, 2,4-pentane-dione, Octyl hydroxamate and 2-Acetyl-acetanilide

B3PWI1/LANL2DZ B3LYP/6-31G**
Dipol HOMO LUMO AE ZPE Dipol HOMO LUMO AE ZPE
moment moment
Cupferon 9.339 -0.263 -0.173  -491.150  0.105 3.192 0.008 0.125 -491.399  0.105
Neocupferon 11.047 -0.263 -0.197 -644.66  0.153 3.281 -0.004  0.0851 -644.995 0.151

2-nitroso-1-naphthol  9.497 -0.266  -0.203 -589.41  0.136 4.307 -0.013  0.0929  -589.726  0.135
2,4-pentanedione 5912 -0.316  -0.161 -34493  0.109 5.014 -0.004 0.179  -345.107 0.108
Octyl hydroxamate 20.864 -0.307  -0.100  -519.161  0.237 3.208 0.055 0.166 -519.436  0.235
2-Acetyl-acetanalide  9.912 -0.298  -0.164  -591.840 0.181 3.400 -0.022 0.120 -592.155  0.179

Since chemical bond formation is usually shaped by the interactions of valence electrons (Zhang et al., 2009),
the HOMO orbital, which determines the spatial distribution of these electrons, is considered an important
indicator in identifying regions prone to electrophilic attacks. Since flotation agents act as electron-donating
species (Mohammadi-Jam et al., 2014), especially HOMO orbitals are considered in this study. The HOMO
plots are given in Figure 3 and it is seen that the charge density is generally on the functional groups. However,
the charge density is also distributed in the annular structure for some molecules. This is due to the participation
of w electrons in the resonance in the annular structure.
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Figure 3. HOMO-LUMO structures of Cupferon (A), Neocupferon (B), 2-nitroso-1-naphthol (C), 2,4-
pentane-dione (D), Octyl hydroxamate (E) and 2-Acetyl-acetanilide (F).

By looking at the Mulliken charge densities, we can predict which atoms the metal atom will prefer for complex
formation (Lu et al., 2006). Moreover, since chemical reactions take place with valence electrons, the HOMO
and LUMO orbitals, their shape and energy values in molecules also provide information about the activity of
molecules. The chelating capacity of a molecule is directly related to the electronic charge distribution of the
donor atoms on the ligand. Since metal atoms are electrophilic, the electron density of the electron donor atoms
in the ligand compound is important for chelation. Since metal atoms are electrophilic, they prefer to bind to
atoms with high electron density. The electronegativity of the O atom significantly affects the formation of the
complex. Therefore, Mulliken population analysis was performed to determine the atomic charge distributions
and relevant parameters were evaluated to better understand ligand-metal interactions.

MJAVL Volume 15 (Issue 1) © 2025 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

110

Table 2. Mulliken Charge Densities of Cupferon, Neocupferon, 2-nitroso-1-naphthol, 2,4-pentanedione, Octyl
hydroxamate and 2-Acetyl-acetanalide

Cupferon Neocupferon
B3PWI91/LANL2DZ B3LYP/6-31G** B3PW91/LANL2DZ B3LYP/6-31G**
7N -0.096 -0.106 IIN -0.105 -0.074
80 -0.505 -0.419 12N -0.057 0.136
9N -0.068 0.155 130 -0.485 -0.420
100 -0.379 -0.320 140 -0.361 -0.426
2-nitroso-1-naphthol 2,4-pentanedione
B3PWO1/LANL2DZ B3LYP/6-31G** B3PWO1/LANL2DZ B3LYP/6-31G**
110 -0.334 -0.545 60 -0.372 -0.406
12N -0.068 -0.090 100 -0.372 -0.407
130 -0.345 -0.372
Octyl hydroxamate 2-Acetyl-acetanalide
B3PW91/LANL2DZ B3LYP/6-31G** B3PW91/LANL2DZ B3LYP/6-31G**
9N -0.274 -0.324 7N -0.554 -0.653
100 -0.439 -0.464 120 -0.366 -0.601
110 -0.573 -0.406 230 -0.369 -0.532

When the Mulliken charge densities are analyzed, it is seen that the O atom is more electronegative. Mulliken
charge values of octyl hydroxamate molecule were calculated as N -0.274 D, O1 -0.439 D, 02 -0.573 D. In
the literature, these values were found as -0.305 D, -0.595 D, -0.588 D, respectively [15]. Atoms with a more
negative charge generally have a higher electron density and a higher tendency to bond to metal ions. The most
negative oxygen and nitrogen atoms have the potential to form strong coordination bonds with metal ions.
Octyl hydroxamate molecule has oxygens carrying relatively strong negative charges such as (-0.573, -0.406).
This suggests that it can form a stronger coordination bond with Cu?* ions and be more effective in flotation.
Octyl hydroxamate may show the highest binding interaction to the metal surface compared to other collectors.
Although the most negative charges (-0.653, -0.601, -0.532) in the 2-Acetyl-acetanilide collector appear high
for some atoms, the distribution of these values may be less symmetrical compared to Octyl hydroxamate. It
is conceivable that the molecule is weak in binding ability and has a lower capacity to form a stable complex
with Cu?". The nitrogen and oxygen charge distributions of Cupferon (-0.505, -0.419, -0.068, 0.155) and
Neocupferon (-0.485, -0.420, -0.057, 0.136) are similar. This similarity suggests that the performance of the
two compounds in flotation may also be close. 2-Nitroso-1-Naphthol carries relatively low negative charges
on its oxygens (-0.334, -0.545, -0.345). 2,4-Pentanedione, on the other hand, has a charge distribution of (-
0.372,-0.407) and can interact moderately with metal ions. Although these compounds do not bind as strongly
as Octyl hydroxamate, they may show a certain selectivity in the flotation process. Octyl Hydroxamate is the
collector that provides the strongest interaction with Cu?" ions. 2-Acetyl-acetanilide was evaluated as the
weakest collector. Other collectors (Cupferon, Neocupferon, 2-Nitroso-1-Naphthol, 2,4-Pentanedione) have
moderate selectivity and binding capacity. The theoretical calculations agree with the experimental findings
and show that computational chemistry can be effectively used in the design of flotation collectors. According
to both studies, it is seen that the metal, Cu+2, will form a chelate with the O atom. Because the electron
density is even higher. When the structures of the collectors are examined, it can be predicted that this structure
will form a chelate with the O atom instead of the N atom. This predicted situation has also been confirmed in
the studies.

The energy values required for complex formation of O-O type chelating agents are Cupferon (-646,6064966
kcal/mol), Neocupferon (-640,8290166 kcal/mol), 2 -Nitroso-1-naphthol (-632, 3733261 kcal/mol), 2,4-
Pentanedione (-668,263732 kcal/mol), Octyl hydroxamate (-677,0413349 kcal/mol), 2-Acetyl-acetanalide (-
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654,6166554 kcal/mol). When the energy values are ranked from higher to lower, we can say that 2-Nitroso-
1-naphthol, Neocupferon, cupferon, 2-acetyl-acetanalide, 2,4-pentanedione and octyl hydroxamate are ranked.
Octyl Hydroxamate (-677.0413 kcal/mol) stands out as the collector that forms the most stable complex with
Cu?* ions as it has the lowest (most negative) energy value. This result means it has a high electron density and
exhibits strong chelation ability. It can be said that Octyl Hydroxamate will show high efficiency and
selectivity in the flotation process. 2,4-Pentanedione (-668.2637 kcal/mol) and 2-Acetyl-Acetanalide (-
654.6167 kcal/mol) 2,4-Pentanedione has a stability close to Octyl Hydroxamate and its flotation efficiency
can be high. 2-Acetyl-Acetanalide was reported as the weakest collector in this study but its energy value is
intermediate with -654,6167 kcal/mol. This indicates that it can form stable complexes in some cases but will
be less effective than other collectors. Octyl hydroxamate has the strongest binding and highest flotation
efficiency. 2,4-Pentanedione and 2-Acetyl-Acetanalide can form moderately stable complexes. Theoretical
calculations show that Octyl hydroxamate is the best collector for flotation and provides the strongest binding
to metal ions.Considering this ranking, the octyl hydroxamate collector with low energy value has a more
stable structure. In the experimental study, the activity order was found to be octyl hydroxamate, cupferon,
Neocupferon and 2,4- pentanedione in the order from largest to smallest. In this study, we see that the ranking
between the energy values for these four collectors agrees with the experimental study.

When attention is paid to the molecules examined, five- or six-membered rings are formed during chelate
formation. Cupferon, Neocupferon and octyl hydroxamate formed five-membered rings, while 2-nitroso-1-
naphthol, 2,4-pentanedione and 2-acetyl-acetanalide formed six-membered rings. Accordingly, we would
expect the stability of Cupferon and Neocupferon molecules to be higher, but this is not the case. Because in
case of resonance in the chelate ring, the six-membered ring gives a more stable complex. For Cupferon and
Neocupferon complexes forming five-ring chelates, Cupferon is more stable. Because @ electrons resonate on
a single benzene ring in Cupferon and on a double benzene ring in Neocupferon. Therefore, Cupferon will be
more active than Neocupferon. Among the O-O type chelators, octyl hydroxamate and 2-acetyl-acetanalide
contain similar functional groups. In the 2-acetyl-acetanalide molecule, electrons on the O atom will be
attracted due to the resonance effect. In octyl hydroxamate, the electron density of O atoms will increase due
to the inductive effect. Therefore, we expect octyl hydroxamate to be more stable than 2-acetyl-acetanalide.
This shows that the values calculated in this study agree with those in the experimental studies.

CONCLUSION

This study provides a theoretical framework for understanding the interfacial mechanisms governing the
flotation efficiency of O-O type chelating collectors in the selective recovery of copper minerals. By employing
computational approaches, key chemical parameters—including HOMO energies, atomic charges, and binding
energies—were analyzed to evaluate the stability and selectivity of different collectors. The results
demonstrate that Octyl hydroxamate exhibits the highest reactivity and strongest interaction with Cu?* ions,
forming a stable chelate, whereas 2-Acetyl-acetanilid shows the weakest binding affinity. The strong
correlation between theoretical predictions and experimental findings highlights computational techniques'
reliability in characterizing flotation reagents' activity. These insights contribute to the rational design of more
effective and environmentally sustainable collectors, aligning with colloid and interface science advancements,
adsorption processes, and interfacial chemistry. The ability to predict and optimize collector performance at
the molecular level offers valuable implications for industrial flotation processes, mineral beneficiation, and
broader applications in catalysis, environmental remediation, and nanomaterials. Future studies can further
refine these approaches by integrating experimental validations with advanced molecular dynamics
simulations, expanding the scope of computational chemistry in optimizing reagent selection and improving
flotation technologies.
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= MAKALE
OZET BILGISI
Bu calisma kapsaminda, ‘0900 Ziraat’ ve ‘Starks Gold’ kiraz ¢esitlerinde, birbirini takip eden 2019 ve Gelis:
2020 yillarinda yaprak, meyve ve meyve sapinin bazi mineral maddelerce kompozisyonu tayin edilerek; 28.10.2024
yillar, ¢esitler ve farkli bitki kisimlart arasindaki farkliliklar aragtirilmistir. Caligma sonucunda, kirazin Kabul:
o6nemli mineral kaynagi oldugu kanaatine ulasilirken, mineral kompozisyonun basta gesit olmak iizere, 17.01.2025

yetistiricilik yapilan sezonun iklim sartlarina ve bitki kisimlaria gore degiskenlik gosterdigi tespit
edilmistir. ‘Starks Gold’ ¢esidi; N (%1.69), P (2484.82 mg kg), K (32484.15 mg kg), Ca (7998.63 mg
kg?) ve Zn (48.95 mg kg’) mineralleri yoniiyle 6ne ¢ikarken, '0900 Ziraat' ise Na (1065.02 mg kg’
birikimiyle dikkat gekici bulunmustur. incelenen mineraller genel olarak miktar yoniyle; yaprak>
meyve > sap seklinde siralanmigtir. Bu durum, yapraklarin temel {iretim merkezi konumunda oldugunu
dogrularken, meyvelerin tasinim merkezi ve saplarin ise aracit pozisyonunda oldugunu gostermistir.
Hasada yakin déonemde, hava ve toprak neminde goriilen diisiigiin, mineral birikimini tetikledigi ve yillar
arasinda farkliliga sebep oldugu diisiiniilmektedir. Temel bilesen analizi kullanilarak iiretilen Bi-plot
grafiginde toplam varyasyonun %97.5°1 agiklanirken, incelenen minerallerin tamami degisen
seviyelerde birbirleri ile pozitif iligki i¢erisinde tespit edilmistir.

Anahtar kelimeler: Prunus avium, Pedisel, Mineraller, PCA, Korelasyon

Mineral Composition Variation of 0900 Ziraat and Starks Gold Sweet Cherry Varieties
According to Years and Different Plant Parts

ABSTRACT ARTICLE
INFO

This study aimed to determine the mineral content of the leaves, fruits, and fruit stalks of the cherry

varieties "0900 Ziraat" and "Starks Gold" in the consecutive years 2019 and 2020 by revealing the Received:

variations among the years, varieties, and plant parts. The study’s results indicated that cherries are a 28.10.2024

significant source of minerals but the mineral composition changes depending on the plant parts, Accepted:

growing seasons, and variety. 'Starks Gold' was discovered to be exceptional with its accumulation of 17.01.2025

N (%1.69), P (2484.82 mg kg-), K (32484.15 mg kg-), Ca (7998.63 mg kg-), and Zn (48.95 mg kg-)

minerals, whereas '0900 Ziraat' stands out with its Na (1065.02 mg kg-) accumulation. The analyzed

minerals generally were ranked as follows: leaf > fruit > stalk regarding the quantity. This

demonstrated that the leaves were the main production center, while the fruits were the transport center

and the stalks were the intermediary positions. It is thought that the decrease in air and soil moisture

in the period close to harvest triggers mineral accumulation and causes differences between years. The

Bi-plot graph created by principal component analysis explained 97.5% of the total variation and

examined minerals were positively correlated with each other at varying levels.

Keywords: Prunus avium, Pedicel, Minerals, PCA, Correlation
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GIRIS

Tiiketicilerin saglik tizerine pozitif etkiler barindiran, fonksiyonel gidalara egilimi giderek artmaktadir (Baker
ve ark., 2022). Bu baglamda ¢esitli ve zengin biyokimyasal icerige sahip tiirlerden birisi olan kiraza, giinliik
diyet icerisinde yer verilmesinin oksidatif stresi baskiladigi, kronik rahatsizliklara iyi geldigi, diyabetik,
kardiyovaskiiler ve kanser tiirevlerini engellemek {izere pozitif etki gosterdiginin alt1 ¢izilmektedir (Gongalves
ve ark., 2019; Fonseca ve ark., 2022; Arbizu ve ark., 2023).

Son yillarda Avrupa iilkelerinde siddet ve sikligini arttiran yaz yagislari, kiraz meyvelerinde ¢atlamalara sebep
olmakta ve bu tilkelerde kiraz yetistiriciliginden kagislar goriillmektedir (Quero-Garcia ve ark., 2021). Nitekim,
2015 yilinda (535.000 ton), %Z20’sini tek basimiza karsiladigimiz kiraz tiiriinde, 2021 yilinda Diinya
tiretimindeki payimiz %25’e ylikselmis durumdadir (690.000 ton). Ancak, ihracat miktarimiz hentiz 70.000
ton dolaylarinda olup, potansiyelimizin oldukg¢a altindadir (FAO, 2021). Kiraz iiretiminde Diinya’ya liderlik
eden iilkemizin, kiraz pazarinda da lider olabilmesi i¢in, iiretilen kirazlarin taze olarak pazarlanmasina ek
olarak, katma deger kazandirilmis formlarda da pazarlanmasi, kirazda arzu edilen dis gelirin yakalanmasinda
onemli olabilir. Bu baglamda, meyve haricinde kalan kisimlarinin da degerlendirilmesi 6n plana ¢ikabilir.
Kiraz bitkisine ait yapraklar sarma olarak degerlendirildigi gibi farkli gidalarin igerisine tat ve aroma
diizenleyici olarak da ilave edilmektedir. Saplar1 ise 6zellikle diiiretik etki yoniiyle alternatif tipta uzun yillardir
degerlendirilmektedir (Faienza ve ark., 2020; Maxiselly ve ark., 2022). Ayrica bu kisimlar, antioksidan ve anti-
inflamatuar etkilere sahip zengin fenolik bilesikler igerdigi i¢in yaslanma karsiti ve detoksifikasyon
ozelliklerinde olup, kozmetik tiriinlere ilave edilmektedir (Svarc—Gajié ve ark., 2018; Gongalves ve ark., 2022;
Garcia-Villegas, 2024).

Yapilan bir ¢aligmada, kirazda on sekiz mineral madde bulundugu vurgulanirken (Nunes ve ark., 2022),
minerallerin bitki dokularinin yapilarinda yer almasina ilave olarak, metabolizma ve bagisiklik sistemi
enzimlerinin aktivasyonlart i¢in Onemine deginilmistir. Fotosentetik pigmentlerin yapisinda yer alan
mineraller, stoma hareketlerini regule ederek, bitkilerin su dengesinde kilit rol oynarlar (Kelebek ve Selli,
2011; Morhart ve ark., 2016; Simsek ve Siifer, 2021). Bitkiler vasitasi ile alinan mineraller, canlilarda; kemik
ve dis gibi organlarin yapisinda direk bulunurken, sinir ve kas sistemlerinin diizgiin ¢aligmasini saglar.
Homeostazinin devamliliginda, hormon {iretiminde, bagisikligin saglanmasinda, enerji ve antioksidan
mekanizmalariin etkinliginde 6nemli gorevler tstlenirler (Quintaes ve Diez-Garcia, 2015). Bu yonleriyle 6ne
cikan kirazin taze tliketimine ek olarak farkli formata sahip iiriinlerin icerisinde kullanim potansiyelinin
oldukca yiiksek oldugu belirtilmistir (Nunes ve ark., 2022). Bu baglamda, farkli bitki organlarinda
miktarlarinin bilinmesi hem beslenme hem de taginim fizyolojisinin bilinmesi bakimindan 6nemlidir.

Bu ¢alismada, iilkemizin en popiiler, yerli ve dis pazarda “Tiirk kiraz1” olarak taninan 0900 Ziraat ve bu ¢eside
tozlayici olarak kullanilan, meyveleri taze tiiketimden daha ¢ok islenerek tiiketilen Starks Gold ¢esidinin farkli
kisimlar1 bazi minerallerce karakterize edilerek, kompozisyonlarina, taginimlara ve aralarindaki iliskilere
dair bilgilere yer verilmistir.

MATERYAL ve YONTEM

Caligma 2019 ve 2020 yillarinda yiiritilmis olup, materyal olarak, 2011 yilinda, MaxMa-14 anacina asili,
5m*4m dikim mesafelerine sahip ‘0900 Ziraat’ ve ‘Starks Gold’ ¢esitleri kullanilmigtir. Damla sulama yontemi
kullanilan parselde, yillik bakim islemleri rutin sekilde yiiriitiilmiigtiir. Materyal olarak kullanilan bitkiler,
Eskigehir (Merkez) ekolojik kosullarinda yetistirilmistir. Deneme yerinin genel iklimsel 6zelliklerine ait
bilgiler Tablo 1°de verilmistir. Deneme donemini i¢ine alan Mart-Temmuz déneminde; 2019 ve 2020 yillar
uzun yillar ortalamasina gore genellikle daha az yagish ve daha kurak gegmistir. Ozellikle 2020°de yagislarm
ve nemin diisiik olmasi, bu donemin kurak gectigini diisiindiirmektedir. Sicakliklar ise her iki y1lda da uzun
yillar ortalamasina yakin seyretmistir.
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Tablo 1. Deneme alanina ait iklimsel ozellikler

YAGIS (mm)
Ocak Subat Mart Nisan Mayis Haziran Temmuz Agustes Eylul Ekim Kasim Arahk  Toplam
Uzun Yillar 38.7 325 334 35.0 44.8 30.6 14.0 7.8 144 270 29.2 45.1 352.4
2019 60.2 50.1 134 26.7 42.2 45.7 335 24 5.0 183 339 74.1 405.5
2020 52.7 43.3 20.0 13.0 38.0 73.3 1.2 1.0 6.0 37.6 14 9.8 299.2

ORTALAMA SICAKLIK (°C)

Ocak Subat Mart Nisan Mayis Haziran Temmuz Agustes Eylil Ekim Kasim Aralhik Ortalama

Uzun Yillar 0.3 4.7 9.3 13.1 16.5 20.4 23.3 22.9 20.0 129 7.5 3.6 12.8
2019 43 3.4 6.3 9.5 16.5 20.9 21.3 22.3 181 142 79 2.9 12.3
2020 0.3 41 8.2 10.9 16.3 19.5 23.2 23.4 215 161 6.3 5.7 13.0

ORTALAMA NEM (%)

Ocak Subat Mart Nisan Mayis Haziran Temmuz Agustes Eylil Ekim Kasim Arahk Ekstrem

Uzun Yillar  98.2 92.6 81.6 67.8 86.1 83.3 75.8 74.1 68.1 79.6 80.3 93.6 81.8
2019 91.0 79.6 64.5 69.3 65.1 67.9 62.3 61.0 62.1 701 76.2 89.9 71.6
2020 78.7 70.8 63.5 57.2 58.0 60.5 58.0 52.1 59.9 738 72.7 77.2 65.5

Kaynak: Her metrige ait aylik ortalamalar Tirkive Cumhuriyeti Cevre Sehircilik ve Iklim Degisikligi Bakanligi, Devlet Meteoroloji Isleri Genel
Miidiirliigii tarafindan saglanmaktadur.

Orneklemeler, Meyvelerin olgunlastigi Temmuz ay1 icerisinde yapilmustir. Meyvelerin hasat edilmesinde; tat
ve renklenme kriter olarak dikkate alinmistir. Sap drnekleri, meyve analizi yapilan meyvelerin sap1 olacak
sekilde secilmistir. Ayn1 gilin aliman yaprak Orneklerinde ise gelisimini tamamlamis en geng¢ yapraklar
secilmistir. Tiim 6rnekler zaman kaybetmeden laboratuvar ortamina aktarilarak, analizler i¢in hazirlanmaya
baglanmistir. Saf suyla muamele edilen bitki kisimlari, filtre kagidi ile kurutulup, havalandirildiktan sonra sabit
agirliga ulasincaya kadar 65 °C’ye ayarlanmig etiive alinmustir. Kurutulan ornekler, 6glitme degirmeni
kullanilarak un kivamina getirildikten sonra 0.2 g’mu nitrik asit (HNOs3) ve hidrojen peroksit (H20,) (2:3) ile
yas yakma yoOntemine gore mikrodalga firinda ¢oziindiiriilmiistiir. Ekstraksiyonu yapilan numunelerde;
(potasyum (K), fosfor (P), ¢inko (Zn), demir (Fe), bakir (Cu) ve magnezyum (Mg) konsantrasyonlar: Indiiktif
Eslesmis Plazma Kiitle Spektrometrisi (ICP-MS) (Agilent 7500ce, Agilent Technologies, Santa Clara, ABD)
kullanilarak belirlenmistir (Daghan ve ark., 2020). Azot tayini Kacar ve Inal (2008) tarafindan Onerilen
Kjeldahl metodunda bazi modifikasyonlar yapilarak Olctilmiistiir. Gergeklestirilen mineral analizlerinin
dogrulamasi ayni analitik yontemler ile referans 6rnegin (domates yapragi; 1573a-NIST, Gaithersburg, MD,
ABD) element igerikleri belirlenerek yapilmistir.

Arastirma, tesadiif parselleri faktoriyel deneme desenine gore tasarlanarak, bes tekerriirlii olarak
yiiriitiilmiistiir. Incelenen dzelliklerin, yillar, gesitler ve farkli bitki kisimlar1 arasinda istatistiksel olarak dnemli
farkliliklar gosterip gostermedigi Minitab-17 paket programinda, GLM prosediirii kullanilarak tespit
edilmistir. Faktorler aras1 farkliliklarin ortaya ¢ikarilmasinda, Tukey ¢oklu karsilastirma testi kullanilmistir.
Ozellikler arasindaki iliskilerin ortaya ¢ikarilmasinda, korelasyon analizinden faydalanilmustir. Veri setinin,
faktorlere gore dagilimini gorsel olarak sematize etmede, temel bilesen analizi kullanilmisgtir (Zar, 2013).

BULGULAR VE TARTISMA

Varyans analizi sonuglar

Yapilan ¢alismada, ‘0900 Ziraat’ ve ‘Starks Gold’ kiraz ¢esitlerinin meyve, pedisel ve yaprak orneklerinin
mineral madde igerikleri birbirini takip eden iki y1l boyunca incelenmistir. Her bir faktoriin (yillar, gesitler,
bitki kisimlar1) ve faktorler arasi interaksiyonlarin mineral madde icerikleri izerindeki etkileri degerlendirilmis
olup, sonuglar Cizelge 2’de verilmistir. Bulgular, incelenen minerallerin biiyiik kisminda; yillar, ¢esitler ve
bitki kisimlar1 arasinda anlamli farkliliklar oldugunu géstermistir (Tablo 1). Yil*gesit interaksiyonu incelenen
tiim mineraller {izerine 6nemli bulunurken, ¢esit*bitki kisimlar1 interaksiyonu da Cu hari¢ tiim minerallerin
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miktar1 tizerine olduk¢a nemli diizeyde etkili belirlenmistir. Y1l*bitki kisimlar1 interaksiyonu ise N, K, Mg,
Na, Fe ve Mn miktarlarina anlamli etkide bulunmustur.

Yillarin minarel madde igerikleri lizerine etkisi anlamli bulunurken, 2019 ve 2020 yillar1 arasinda mineral
madde kompozisyonu degisim géstermistir. Bu baglamda, azot (N), fosfor (P), potasyum (K), kalsiyum (Ca),
magnezyum (Mg), sodyum (Na) ve mangan (Mn) mineralleri yillar arasinda anlamli degisimler gosterirken,
Cinko (Zn), Demir (Fe), bakir (Cu) ve bor (B) mineralleri ise istatistiksel olarak dnemsiz bulunmustur (Tablo
1). N, P, K, Ca, Mg ve Mn mineralleri ¢alismanin ilk yilinda siras1 ile %1.54, 2277.77 mg kg-, 30988.21 mg
kg, 7336.23 mg kg, 1437.24 mg kg ve 32.09 mg kg diizeylerinde olgiiliirken, takip eden yilda sirasi ile %1.65,
2493.53 mg kg-, 32013.97 mg kg-, 8027.10 mg kg, 1528.46 mg kg™ ve 36.40 mg kg™ seviyelerine yiikselmistir.
Tersi olarak Na 2019 yilinda (1073.92 mg kg’), 2020 yilina (993.41 mg kg") gore daha yiiksek bulunmustur
(Tablo 1).

‘0900 Ziraat’ ve ‘Starks Gold’ kiraz gesitlerinin mineral madde igerikleri kargilagtirildiginda, Fe, Mn, Cu ve B
ve hari¢ incelenen tiim mineraller ¢esitler arasinda onemli farkliliklar gostermistir (Tablo 1). ‘Starks Gold’
cesidi; N (%1.69), P (2484.82 mg kg), K (32484.15 mg kg’), Ca (7998.63 mg kg’) ve Zn (48.95 mg kg)
mineralleri yoniyle 6ne ¢ikarken, '0900 Ziraat' ise Na (1065.02 mg kg) birikimiyle dikkat ¢ekici bulunmustur.

Yapilan calismada, bitki kisimlarimin (meyve, meyve sap1 ve yaprak) mineral madde icerikleri incelenmis ve
Olciilen miktarlarin tiim mineraller maddeler igin istatistiksel olarak anlamli farkliliklar gosterdigi
belirlenmistir. Yapraklar, azot (%1.93), fosfor (2642.39 mg/kg), potasyum (35044.08 mg/kg), magnezyum
(1673.66 mg/kg), sodyum (1198.99 mg/kg), cinko (64.54 mg/kg), demir (141.43 mg/kg), mangan (43.36
mg/kg), bakir (40.37 mg/kg) ve bor (38.25 mg/kg) iceriklerinde en yiiksek degerlere sahip olup, bu durum
yapraklarin besin depolama kapasitesinin yiliksek oldugunu gostermektedir. Kalsiyum (8466.75 mg/kg)
bakimindan ise meyve one ¢ikarken, genel olarak yapraklardan daha diisiik, ancak meyve saplarindan daha
yiiksek mineral iceriklerine sahiptir. Meyve saplari ise tiim minerallerde en diisiik degerlere sahiptir, bu da
saplarin besin depolama kapasitesinin meyve ve yapraga gore daha sinirli oldugunu gostermektedir.
Minerallere ait varyasyon katsayilar1 (CV) incelendiginde; bor (%43.67), bakir (%42.35), ¢inko (%38.55) ve
Mangan (%35,54) minerallerinde yiliksek katsayilar elde edilirken, diger minerallerde faktdrlere bagh
varyasyonlarin daha diisiik seviyelerde oldugu goriilmiistiir.
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Tablo 2. Incelenen minerallerin farkli yillara, cesitlere ve farkl bitki kisimlarina gére dagilimi (mg kg™).

N (%) P K Ca Mg Na Zn Fe Mn Cu B
Yillar
2019 154B 2277.77B 30988.21 b 7336.23 B 1437.24 B 1073.92 A 4410 NS 109.59 NS 32.09B 25.56 NS 26.05 NS
2020 165A 249353 A 32013.97 a 8027.10 A 1528.46 A 993.41B 4573 113.99 36.40 A 27.00 24.43
Cesitler
0900 Ziraat 1.50B 2286.48 B 30518.03 B 7364.71 B 1420.58 b 1065.02 A 4062 B 114.87 NS 35.44 NS 25.49 NS 25.54 NS
Starks Gold 1.69 A 2484.82 A 32484.15 A 7998.63 A 1545.37 a 1002.30 B 4895 A 108.72 33.85 27.15 24.96
Bitki Kisimlar
Meyve 1.740 B 2614.47 A 34016.94 B 8466.75 A 1553.94 B 1010.88 B 4066 B 105.64 B 35.54B 19.87B 19.39B
Meyve sap1 111C 1900.09 B 25442.25C 6348.71 B 1221.32C 891.11C 29.15C 88.31C 25.04C 18.72B 18.12B
Yaprak 193A 2642.39 A 35044.08 A 8229.55 A 1673.66 A 1198.99 A 64.54 A 14143 A 43.36 A 40.37 A 38.25 A
% CV 28.938 19.648 18.568 20.888 17.964 24.017 38.545 25.149 35.544 42.350 43.669
Y:0.079 Y:106.237 Y:1004.458 Y:321.039 Y:54.101 Y:21.553 C:7578 Y:2.021
LSD C:0.073 C:160.794 C:1267.063 C:246.125 C:88.109 C:42.770 PP3 852 PP:8.221 sz 024 PP:4.917 PP:5.453
PP:0.077 PP:109.678 PP:109.678 PP:425.322 PP:54.937 PP:46.784 - -
F Degeri
Fyu 183.747**  406.305** 19.306* 85.734** 277.684** 1374.528** 9.503ns 6.281ns 55.729* 2.436ns 3.194ns
F¢esit 146.419**  32.253** 51.040** 140.620** 15.464* 45.582** 25.567** 3.623ns 1.274ns 4.543ns 0.135ns
Fyil x Gesit 58.666** 37.933** 98.549** 98.549** 41.401* 308.594** 2.883ns 3.393ns 1.362ns 5.393ns 8.296*
Fitki Kisimlan 523.179**  251.090** 521.402** 127.019** 310.555** 187.778** 374.754** 105.393** 180.737** 104.759** 72.945**
Fvil x Bitki Kisimlar 11.275** 3.400ns 21.553** 0.371ns 27.067** 77.075** 1.004ns 26.890** 5.111* 0.759ns 0.107 ns
Fcesit x Bitki Kisimlar 170.065**  58.352** 229.575** 124.909** 60.147** 113.418** 31.946** 28.466** 5.482* 1.056ns 8.328**

*%35'te anlamli, **%1'de anlamli, ns %5'te anlamsiz; a %5'e anlamli, A %1'e anlamhi

MJAVL Volume 15 (Issue 1) © 2025
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International

https:

dergipark.ore.tr/en/pub/mijavl



https://dergipark.org.tr/en/pub/mjavl

118

Kirca & Mertoglu / Manas Journal of Agriculture Veterinary and Life Sciences 15(1) (2025) 113-123

Faktor ve PCA analizi

Calismada incelenen minerallerin; faktorlere (yillar, gesitler ve bitki kisimlari) gore dagilimini gorsel olarak
sematize eden Bi-plot analizi Sekil 1°de verilmis olup, ilk iki ana bilesen (PC1 ve PC2) ekseninde verilerin
dagilim incelenmistir. Ilgili iki bilesen toplam varyasyonun %97.5’ini kapsamakta olup, verideki
degiskenligin neredeyse tamamini yakaladigini1 ve bu nedenle iyi bir model oldugunu gostermektedir. PC1,
toplam varyasyonun %83.7’sini tek basina olustururken; N, K, Mg, Zn, Fe ve Mn mineralleri bu faktorde hem
en yiiksek hem de pozitif yiikler gostermistir (sirasiyla 0.32, 0.31, 0.32, 0.32, 0.31 ve 0.32). Benzer sekilde
PC2, varyasyonun %13.8’ine karsilik gelirken, P (0.36) ve Ca (0.45) bu faktorle pozitif, Cu (-0.39) ve B (-
0.44) ise, yuksek negatif korelasyon igerisinde tespit edilmistir. Yapraklarin, PC1'de en sagda yer alarak
yiiksek mineral icerigine sahip oldugu, meyve saplarinin ise en solda yer alarak daha diisiik mineral igerigine
sahip oldugu belirlenmistir. PC2, kalsiyum ve fosforun yiiksek oldugu, ancak sodyum, ¢inko, bakir ve borun
diisiik oldugu 6rnekleri ayirt etmektedir. Meyve orneklerinin, bu eksende {istte yer alarak kalsiyum ve fosfor
acisindan zengin oldugu tespit edilmistir. Cesit ve yillar incelendiginde, ‘Starks Gold’ ¢esidi ve 2020 yilinin
daha sagda ve yukarida yer aldig1, genel olarak daha yiiksek mineral igerigine sahip olduklari belirlenmistir.
Tersi sekilde, ‘0900 Ziraat’ ¢esidinin 2019 yilinda daha solda ve agagida yer alarak daha diisiik mineral madde
icerdigi tespit edilmistir.

2.5

Fruit
°

2.0
15

1.0

2020
8

0.5 Starksgold

PC2 (13,8 %)

0.0

0.5 2019
L) B Cu
Stalk 0900 Ziraat
-1.0
Leaf
15 PC1 (83,7 %)

-5.0 2.5 0.0 25 5.0

Sekil 1. Kiraz ¢esitlerinin meyve, sap ve yaprak érneklerinde, yillarin incelenen mineral madde igeriklerine
gore nasil gruplandigr gosteren temel bilegsenler (PCA) biplot analizi.

Calismada incelenen mineral maddeler arasindaki korelasyonlara ait bulgular Sekil 2°de verilmistir. Incelenen
mineral maddelerin ¢gogunun birbiriyle yiiksek diizeyde pozitif korelasyon gosterdigi tespit edilmistir. N ile P
(0.97), K (0.95), Ca (0.92), Mg (0.84), Zn (0.82), Fe (0.82) ve Mn (0.91) arasinda yiiksek diizeyde pozitif; Cu
(0.59) ile orta diizeyde pozitif, Na ve B ile ise diisiik diizeyde pozitif bir iliski oldugu belirlenmistir. Bu durum,
bu minerallerin birlikte artma egiliminde oldugunu gostermektedir. P ile K (0.94), Ca (0.95), Mg (0.86), Zn
(0.75), Fe (0.72) ve Mn (0.86) arasinda yiiksek diizeyde pozitif; Na (0.21), Cu (0.46) ve B (0.27) ile ise diisiik
diizeyde pozitif bir iligki belirlenmistir. K ile Ca (0.94), Mg (0.89), Zn (0.76), Fe (0.72) ve Mn (0.85) arasinda
yiiksek diizeyde pozitif; Cu (0.47) ile orta diizeyde, Na (0.16) ve B (0.29) ile ise diisiik diizeyde pozitif bir
iligki oldugu tespit edilmistir. Ca ile Mg (0.81) ve Mn (0.74) arasinda yiiksek diizeyde pozitif; Zn (0.61) ve Fe
(0.63) ile orta dlizeyde, Cu (0.28) ile ise diisiik diizeyde pozitif bir korelasyon belirlenmistir. Mg ile Zn (0.78),
Fe (0.82) ve Mn (0.85) arasinda yiiksek diizeyde pozitif; Cu (0.54) ve B (0.43) ile ise orta diizeyde pozitif bir
iliski oldugu tespit edilmistir. Na ile Zn (0.52), Fe (0.34), Mn (0.45), Cu (0.64) ve B (0.67) arasinda orta
diizeyde pozitif bir korelasyon oldugu, ancak Na'nin Ca ve Mg ile bir iliskisinin olmadigi belirlenmistir. Zn ile
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Fe (0.93), Mn (0.92), Cu (0.92) ve B (0.80) arasinda olduke¢a yiiksek diizeyde pozitif korelasyon tespit
edilmistir. Benzer sekilde, Fe ile Mn (0.90), Cu (0.84) ve B (0.72) arasinda yiiksek diizeyde pozitif bir iliski
bulunmus; Cu ile B (0.95) arasinda da yiiksek diizeyde pozitif bir iligki belirlenmistir.

= o bl S g g I\CJ E % 8 m :
N 1.00 097 095 092 0.84 0.84 0.82 0.91 0.59
08
P 1.00 0.94 0.95 0.86 0.75 0.72 0.86
06
K 1.00 0.94 0.89 0.76 0.72 0.85
- 04
Ca 1.00 0.81 0.61 0.63| 0.74
Mg  1.00 0.78 0.82 0.85 0.54 - 02
Na | 1.00 0.64 0.67 Lo
Zn  1.00 0.93 0.92 0.92 0.80 L 02
Fe 1.00 090 0.84 0.72 o4
Mn | 1.00 0.78 0.68
-0.6
Cu 1.00 0.95
-0.8

B 1.00

Sekil 2. Incelenen mineraller arasindaki korelasyonlar

Varyans analizi

Mineraller bitkilerde regule ettikleri fizyolojik donguler yonlyle oldukca énemlidir. Kalsiyum (Ca) ve
magnezyum (Mg) da bitki hiicrelerinin yapisal biitiinliigli ve enzimatik islevler i¢cin 6nemlidir. Kalsiyum
ozellikle hiicre duvari stabilitesi i¢in dnemlidir ve gesitli fizyolojik siirecleri diizenleyen sinyal yollarinda yer
almaktadir (Morhart ve ark., 2016). Magnezyum ise klorofilin merkezi bir bilesenidir ve fotosentez igin
gereklidir. Bu besin maddelerindeki eksiklikler meyvelerde cicek ucu ciiriikligii ve zayif meyve tutumu gibi
fizyolojik bozukluklara yol agabilir (Usenik ve ark., 2015). Cinko (Zn), demir (Fe), mangan (Mn), bakir (Cu)
ve bor (B) gibi mikro besinler daha az miktarlarda gereklidir, ancak bitki sagligi igin esit derecede 6nemlidir.
Cinko, enzim fonksiyonu ve protein sentezi igin ¢ok dnemliyken, demir fotosentezde klorofil sentezi ve
elektron tasinmasi i¢in gereklidir (Simsek ve Siifer, 2021). Manganez fotosentez ve azot metabolizmasinda rol
oynar ve bakir ¢esitli enzimatik siireglerde yer alir. Bor, hiicre boliinmesi ve lireme yapilarinin gelisimi igin
onemlidir (Kelebek ve Selli, 2011). Prunus avium’da mineral eksikliklerinin, meyve verimini ve kalitesini
diistirdiigii, ayrica abiyotik ve biyotik stres kaynaklarina kars1 dayaniklilig azalttigr ifade edilmektedir (Usenik
ve ark., 2015; Lamichhane, 2014; Guan ve ark., 2018; Wang ve ark., 2018). Bu sebeplere istinaden, mineral
kompozisyonuna ve miktar tayinlerine siklikla basvurulmaktadir. Elde edilen sonuglar hem bitkinin beslenme
fizyolojisinin yorumlanmasi hem de insanlara tiiketim materyali olarak servis edilmesi bakimindan 6nem
tasimaktadir.
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Ikinci ve Aldanmaz (2022), P. mahalep iizerine asili ‘0900 Ziraat’ ¢esidi tizerine farkli yaprak giibresi
uyguladiklar1 ¢aligmada, kontrol grubu kiraz agaglarinin yaprak azot igerigini %2.03 olarak bulduklarini
bildirmislerdir. Aragtirmacilar ayrica yapraklarda makro ve mikro besin elementlerini; P (3.000 mg/kg), K
(20.100 mg/kg), Ca (16.000 mg/kg), Mg (5.400 mg/kg), Fe (117.33 mg/kg), Cu (12.90 mg/kg), Zn (21.35
mg/kg), Mn (34.25 mg/kg) ve B (36.05 mg/kg) olarak bildirmislerdir. Benzer sekilde yiiriitiilen farkli bir
caligsmada ise 'Gisela 6' anaci tizerine asili1 '0900 Ziraat' ¢esidinin kontrol gurubunda yaprak N icerigi 9%2.28
olarak raporlanirken, diger mineral maddeler ise P (2.900 mg/kg), K (19.800 mg/kg), Ca (16.700 mg/kg), Mg
(3.600 mg/kqg), Fe (71.07 mg/kg), Cu (11.01 mg/kg), Mn (26.82 mg/kg), Zn (13.14 mg/kg) ve B (53.87 mg/kQ)
seviyelerinde dl¢iilmiistiir (U¢gun ve Cansu, 2024). Benzer sekilde Demirer (2019), ‘Gisela 6” anac1 iizerine
asil1 '0900 Ziraat' cesidi ile yaptig1 ¢caligmada, kontrol grubunun yapraklarinda N (%2.863), P (2.660 mg/kg),
K (21.430 mg/kg), Ca (12.700 mg/kg), Mg (3.330 mg/kg), Fe (23.130 mg/kg), Cu (9.650 mg/kg), Zn (15.323
mg/kg) ve Mn (33.590mg/kg) olarak tespit emistir. Gongalves Ve ark (2022) 23 kiraz ¢esidi {izerinde yaptiklart
caligmada, meyve 6rneklerinin mineral madde igeriklerini su sekilde tespit etmislerdir; P (683-2219 mg/kg),
K (11.774-19.524 mg/kg), Ca (73-373 mg/kg), Mg (320-679 mg/kg), Na (2.32-10.7 mg/kg), Zn (1.08-6.92
mg/kg), Fe (2.44-12.2), Mn (1.64-7.30 mg/kg) ve Cu (2.12-5.22 mg/kg). Mahleple yiiriitillen farkli bir
caligmada ise meyve saplariin mineral madde igerigi incelenmis ve P (3054 mg/kg), K (21458 mg/kg), Ca
(13851 mg/kg), Mg (1166 mg/kg), Na (91,2 mg/kg), Fe (211,8 mg/kg), Cu (7,2 mg/kg), Mn (10,0 mg/kg), Zn
(31,0 mg/kg) ve B (19,4 mg/kg) olarak tespit edildigi bildirilmistir (Sekeroglu ve ark, 2012).

Caligma bulgular, literatiir ile uyumluluk gosterirken, triinlerin nihai kompozisyonunun; cesit, ekolojik
faktorler, kiiltiirel islemler ve izlenen yetistiricilik modellerinin kiimiilatif etkisi altinda sekillendigi
bilinmektedir. Bu baglamda, gézlemlenen farkliliklarin; verim, anag/cesit kombinasyonu, ekolojik faktorler,
kiiltiirel islemler, bitki yas1 ve analiz yontemlerindeki farkliliklardan ileri geldigi diisiiniilmektedir (Hu ve
Schmidhalter, 2005; Lacerda ve ark., 2018; Ucgun ve ark., 2020; Maatallah ve ark., 2022; Nunes ve ark., 2022;
Dziadek ve ark., 2018; Goncalves ve ark., 2022; Danzomo ve ark., 2024; Ross ve ark., 2020; Legua ve ark.,
2017; Papapetros ve ark., 2019).

PCA analizi

Caligmamizda, kiraz ¢esitlerinin mineral madde igeriklerine gore gruplandirilmasinda, PC1 ve PC2’nin toplam
varyansin %97.5’ini aciklamasi, analizimizin yiiksek bir agiklayiciliga sahip oldugunu gdstermektedir.
Gongcalves ve ark. (2022) calismasinda ise, PC1 ve PC2'nin toplam varyansin %46.5’ini; Ross ve ark. (2020),
yaprak mineral igerigi i¢in toplam varyansi ~%55, meyve icinse ~%57 bildirmistir. Benzer sekilde Nunes ve
ark. (2022), kiraz meyvesi, kokleri ve ¢i¢eklerinin mineral icerigini inceledigi ¢alismada, PCA’nin toplam
varyansin %54.7’ini agiklamasi, bizim ¢aligmamizin 6nceki ¢alismalardan daha fazla varyansi kapsadigini ve
dolayisiyla kiraz ¢esitlerinin mineral igeriklerine gore daha belirgin bir sekilde ayrilabildigini ortaya
koymaktadir. Bu durum, ¢aligmamizin kiraz ¢esitlerinin mineral profillerine dayali olarak siniflandirilmasinda
daha giiclii bir model sundugunu disiindiirmektedir. Ayrica, bu bulgular, farkli yillar ve kiraz yan {iriinleri
arasinda mineral igeriklerinin tutarliligini ve ¢esitliligini daha iyi anlamamiza olanak tanimaktadir.

Korelasyon analizi

Aragtirmalar, cesitli bitki tiirlerinde fosfor ve potasyum seviyeleri arasinda giiglii bir pozitif korelasyon
oldugunu gostermistir (Edelstein ve ark., 2016). Bir bagka calismada, kalsiyum mevcudiyetindeki artisin
magnezyum alimini olumlu ydnde etkileyebilecegi ve bdylece genel bitki sagligini iyilestirebilecegi
bildirilmektedir (Lopez-Lefebre ve ark., 2001). Zeytinin besin igerigini inceleyen bir ¢alismada, azot (N),
fosfor (P) ve potasyum (K) gibi makro besin maddelerinin seviyelerinin birbiriyle iliskili oldugu ve fosforun
potasyum seviyeleri ile pozitif bir korelasyon gosterdigi raporlanmustir (Zincircioglu, 2018). Yine seftali
agaclarinda besin maddesi boliinmesine odaklanan bir caligmada, meyvelerin varliginin kaynaklar i¢in rekabet
nedeniyle yaprak besin maddesi konsantrasyonlarini etkiledigi ve 6zellikle azot (N) ve potasyum (K) arasinda
pozitif korelasyon oldugu vurgulanmistir (Zhou ve Melgar, 2018). Delfini ve ark. (2020), 6zellikle demir (Fe),
¢inko (Zn), bakir (Cu) ve fosfor (P) olmak tizere ¢esitli mikro besinler arasinda olumlu bir korelasyon oldugunu
bildirmistir. Vera-Vega ve ark. (2022), manganez (Mn) ile ¢inko (Zn) arasinda 6nemli bir pozitif korelasyon
oldugunu belirtmistir. Fallahi ve ark. (2010) ¢alismasinda, 'Redchief Delicious'da yaprak N ve K, yaprak K ve
Mg ile meyve Ca ve yaprak K arasinda negatif korelasyonlar bildirmistir. Arastirmaci ayrica, yaprak N ve
meyve N, meyve K ve yaprak K gibi bir¢ok mineral arasinda dnemli ve pozitif korelasyonlar oldugunu tespit
etmistir. Bulgularimiz, 6nceki ¢aligmalarla biiyiik oranda paralellik gostermektedir. Mineraller arasi rekabet,
bazi durumlarda negatif korelasyonu beraberinde getirmektedir Fallahi ve ark., (2010). Ancak, ¢alismada
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Ol¢iilen mineral konsantrasyonlarinin, biiyiik oranda diisiik olmasi bu tip rekabetin Oniine gectiginden,
incelenen tiim mineraller arasinda pozitif korelasyon ortaya ¢iktig1 diistiniilmektedir.

SONUC

Yapilan ¢aligmada, ‘0900 Ziraat’ ve ‘Starks Gold’ kiraz gesitlerinin mineral madde igerikleri, yillar, cesitler
ve farkli bitki kisimlar1 bakimindan kapsamli sekilde incelenmistir. Mineral kompozisyonunun her U¢ faktor
tarafindan da etkilendigi gozlemlenirken, mineral icerikleri yaprak> meyve > sap seklinde siralanmustir.
‘Starks Gold’ mineral birikimi bakimindan ‘0900 Ziraat’ ¢esidine gére daha iistiin bulunmustur. Yetistiricilik
yapilan sezonda hiikiim siiren iklim sartlar1 da mineral kompozisyonu iizerine belirleyici olup, hasada yakin
kurak kosullarin, mineral birikimini tetikledigi goriilmiistiir.

CIKAR CATISMASI

Yazarlar, herhangi bir ¢ikar ¢atigmasi olmadigini tasdik ederler.
YAZAR KATKISI

Yazarlar esit oranda katki saglamiglardir.

ETIK BEYAN

“0900 Ziraat ve Starks Gold Kiraz Cesitlerinde Mineral Madde Kompozisyonunun Yillara ve Farklh
Bitki Kisimlarina Gore Degisimi ” baslikli calismanin yazim siirecinde bilimsel kurallara, etik ve alinti
kurallarina uyulmus; toplanan veriler {izerinde herhangi bir tahrifat yapilmamis ve bu ¢alisma herhangi bagka
bir akademik yayin ortamina degerlendirme i¢in gonderilmemistir. Calismamizda herhangi bir canliya ait veri
bulunmadigindan etik kurul izni gerekmemektedir.
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.. MAKALE
OZET BILGISI
Bu ¢aligmanin amaci tibbi siiliiklerle ilgili iilkemizde yapilmis ¢aligsmalarin bibliyometrik incelemesini Gelis:
yaparak calismalarin hangi seviyede oldugunu nicel verilerle gostermektir. Literatiir veri setini 06.02 25(')25
olusturmak i¢in akademisyenler tarafindan siklikla tercih edilen Web of Science Core Collection kat;ul'
(WoSCC) elektronik veri tabani kullanilmistir. Bilimsel yayinlardan elde edilen verileri sunmak igin 12.03 20'25

tanimlayict istatistiksel teknikler kullanilmistir. Bibliyometrik analiz i¢in Biblioshiny (siiriim 2.0)
kullanilmistir. WOS verilerine gore 1975-2024 yillart arasinda Diinya genelinde toplam 7565 tane
calisma yapilmistir. Tiirkiye’de ise ilk yaymnin yapildigi 1997 yilindan 2024 yilina kadar toplamda 155
calisma yapilmustir. Bu verilere gore Diinya genelinde siiliik {izerine yapilan ¢aligmalarin sadece %2.05’1
Tiirkiye’de yiiriitiilmiistiir. Tiirkiye bu ¢alisma sayisiyla Diinya siralamasinda 11. sirada yer almaktadir.
Ayrica calisma sayisiin son yillarda artis egiliminde oldugu ve en fazla ¢aligmanin ise 2021 yilinda
yapildig: tespit edilmistir. Bu alandaki en aktif Giniversitenin 18 yayinla Firat {iniversitesi oldugu
saptandi. Her ne kadar son yillarda bu alanda yapilan ¢alismalarin sayist artmis olsa da Tirkiye gibi
tibbi siiliikklere ev sahipligi yapan bir iilkede, bu alanda yapilan ¢alismalarin az oldugu ve daha fazla
caligma yapilmasi gerektigi kanaatine varildi.

Keywords: Bibliyometrik, hirudoterapi, Sultk.

Inadequacy of Studies on Leeches in Turkey, Where Medicinal Leech Species Occur: A Bibliometric
Study

ABSTRACT
Received:
This study aims to show quantitatively the level of research on medicinal leeches conducted in our ~ 06.02.2025
country by conducting a bibliometric review. The Web of Science Core Collection (WoSCC) electronic Accepted:
database, which is frequently preferred by academics, was used to create a literature dataset. Descriptive ~ 12.03.2025
statistical techniques were used to present the data obtained from scientific publications. Biblioshiny
(version 2.0) was used for bibliometric analysis. According to WOS data, a total of 7565 studies were
conducted worldwide between 1975 and 2024. A total of 155 studies were conducted In Turkey, from
1997, when the first publication was made, to 2024. According to the data, only 2.05% of the studies
conducted on leeches worldwide were carried out in Turkey. It was also determined that the number of
studies has tended to increase in recent years and the most studies were conducted in 2021. It was
determined that the most active university in this field is Firat University with 18 publications. Although
the number of studies in this field has increased in recent years it was concluded that the studies in this
field is low in a country like Turkey which hosts medical leeches and that more studies should be
conducted.
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GIRIS

Tibbi siiliikler omurgalilarin kan emen gecici ektoparazitleridirler. Bu siiliikler, milattan énce 1500 yilindan
itibaren bircok medeniyette hekimler tarafindan gesitli hastaliklarin tedavisinde kullanilmigtir. T1bbi siiliikler
Avrupa’da 17. ve 18. ylizyillarda neredeyse her hastalik i¢in kullanilmistir. Bundan dolay1 19. yiizyilin
baglarinda Avrupa’da siiliiklerin popiilasyonu endise verici seviyelere inmistir. Tibbi siiliiklerin tibbi tedavide
kullanim cazibesi, 19.yilizyilin sonlarinda ve 20. yiizyilin baglarinda deneysel yontemlere yonelimle birlikte
azalmigtir. Siliiklerin agiz salgilarindaki biyoaktif maddelerin tamimlanmasiyla birlikte son zamanlarda
kullanimi hem halk arasinda hem de bilimsel camiada yeniden 6nem kazanmustir (Vera ve Blu, 2005; Okka,
2013).

Siiliikler, Annelida filumunun Hirudinea sinifina ait hermafrodit parazitlerdir. Siiliikklerin 680 tiirii
tanimlanmigtir. Cogunlugu sucul ortamlar olmak iizere siiliikler ¢ok ¢esitli habitatlarda bulunabilir. Siiliiklerin
480 tiirii tath sularda yasarken geriye kalanlarin bir kism1 denizlerde bir kism1 da karalarda yasarlar. Siiliik
denince akla kanla beslenen omurgasiz canlilar gelebilir ama bazi siiliik tiirleri yirticidir ve kiigiik hayvanlarin
ozellikle omurgasizlarm etleri ile beslenirler (Sket ve Trontelj, 2008).

Sulliklerin ¢ok az bir kismu tibbi amagh kullanilmaktadir. Sulak alanlar bakimindan zengin olan tilkemizde
yapilan ¢alismalarda biri H. medicinalis digeri H. verbana olmak iizere 2 tiir tibbi siiliik saptanmistir (Ozbek
ve Sari, 2007). Yakin zamanda yapilan bir ¢alismada yeni bir tibbi siiliik tiirii olan H.suluki’nin saptanmasiyla
beraber bu say1 iice ¢cikmustir. H. sulukii Tirkiye’nin sadece Giiney Dogu Anadolu Bolgesi’ndeki sulak
alanlarda saptandig1 icin endemik bir tiir olabilecegi diisiiniilmektedir (Saglam ve ark., 2016).

Hastaliklarin tedavisinde tibbi siiliiklerin kullanilmasina hirudoterapi denir. Tibbi siiliikler 20.yiizyila kadar
bir¢ok hastaligin tedavisinde flebotomi iglemi i¢in kullanilmigtir. Daha sonra 20.yiizyilin sonlarina dogru tibbi
siiliikler, ag1z salgilarindaki biyoaktif maddelerin terapétik etkisi i¢in kullanilmaya baglanmistir (Alaama ve
ark., 2024). ABD llag ve Gida Dairesi (FDA) tarafindan 2004 yilinda hirudoterapinin mikro cerrahi ve plastik
cerrahide uygulanmasina onay verilmistir (Rados, 2004). Ulkemizde de 2014 yilinda yayimlanan Geleneksel
ve Tamamlayici Tip Uygulamalar1 Yo6netmeligi ile hirudoterapinin, sertifikaya sahip hekimlerce resmi saglik
kuruluglarinda uygulanabilmesinin 6nii agilmistir (Saglik Bakanligi [SB], 2014).

Tibbi siiliiklerin agiz salgilarinda 100 farkli biyoaktif madde bulunmaktadir. Bu maddelerden en yaygin olarak
bulunani, kanin pihtilagma siirecini baskilanmasinda rol alan hirudindir. Siiliiklerin tiikiiriik bezlerinden
salgilanan salgilar ayrica antiinflamatuar, bakteriyostatik, analjezik ve vazodilatér madde igerir. Bu maddelerin
mikro-dolasim bozukluklarini ortadan kaldirdig1, hipoksiyi engelledigi, kan basincini diistirdiigii ve bagigiklig
artirdig1 bildirilmistir (Singh, 2010; Liu ve Barkley, 2015). Tibbi siiliiklerin agiz salgilar ile ilgili calismalar
devam etmektedir. Son zamanlarda yapilan bir ¢calismada, bu salgilarin i¢cinde hirudinin disinda giiglii bir
antikoagiilan protein kesfedilmistir (Manuvera, 2024).

Gilinlimiizde T1bbi siiliikler modern tedaviyi destekleyici bir metot olarak plastik cerrahlar tarafindan 6zellikle
rekonstriiktif cerrahide kullanilmaktadir. Yeni nakledilen dokularda vendz tikaniklik ciddi bir tehdit olup staza,
trombiis olusumuna ve sonugta doku nekrozuna neden olabilir. Tibbi siiliikler, emme eylemiyle aktif kan
drenaj1 saglar. Bununla birlikte tibbi siiliikklerin salgilarindaki etkisi uzun siiren antikoagiilan maddelerden
dolay1 siiliik ayrilmasindan sonra meydana gelen pasif sizint1 da hekimleri vendz tikanikligi hafifletmek igin
stilik kullanmaya tesvik eder. Kopmus olan kafa derisine, kulaga, burun ucuna, alt dudaga ve baska viicut
parcalarina yapilan replantasyon islemleri sonrasi tamamlayici tedavi olarak hirudoterapi uygulanmis ve
basarili sonuglar elde edilmistir. Bu nedenle doktorlar, vendz tikanikligin hafifletilmesinde hirudoterapinin
etkili oldugunu ve dokular1 kurtarmak i¢in hayati bir adim oldugunu savunmustur (Abdualkader ve ark., 2013).

Bilden ve ark.’nin (2025) yaptiklar1 deneysel bir caligmada hirudoterapinin kesik yaralar iizerinde olumlu etki
gosterdigi saptanmugtir.

Ekstravasyon yaralanmasi tedavisinde temel ama¢ doku igine sizan farmakojik ajanlarin azaltilmasi veya
seyreltilmesidir. Yapilan deneysel bir caligma, ekstravazasyon hasarinin erken doneminde uygulanan
hirudoterapinin dokudaki nekrozu azalttigini ispatlamistir (Eroglu ve ark., 2004). Hirudoterapinin osteoartrit,
varis, dermatit, hematom egzama, hipertansiyon, gingival ddem, diyabet ve diyabetik {ilser gibi bir¢ok hastalik
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ve semptomlarin tedavisinde olumlu sonug verdigi bildirilmistir (Ayhan ve Mollahaliloglu, 2018; Kiigiik ve
Yaman, 2019).

Siiliik tedavisi sonrasi enfeksiyon, alerji, uzun siiren kanamalar gibi olasi komplikosyonlar goriilebilecegi
vurgulanmistir. Tibbi olmayan siiliiklerle yapilan tedavi daha fazla komplikasyona neden olabilir. Siiliik tiirleri
dikkatlice secilmeli ve dogru ve giivenilir ticari kaynaklardan satin alinmalidir (Pourrahimi ve ark., 2020).

Tibbi stiliiklerle ilgili tilkemizde yapilmis ¢caligsmalarin hangi seviyede oldugunu nicel verilerle géstermek i¢in
bibliyometrik analiz yontemi kullanilarak bir bibliyografik inceleme (retrospektif caligma) gerceklestirilmistir.

MATERYAL VE YONTEM

Literatiir veri setini olusturmak i¢in, disa aktarim i¢in eksiksiz ve standartlastirilmis bir veri koleksiyonu sunan
ve akademisyenler tarafindan siklikla kullanilan Web of Science Core Collection (WoSCC) elektronik veri
taban1 kullanilmigtir. Saglik bilimleri, miithendislik, ve teknoloji alanlarinda genis bir icerige sahip olan
WoSCC, biyomedikal arastirmalar igin gilivenilir bir kaynak olarak koklii bir ge¢mise sahiptir. Ayrica
kapsamli atif verileri saglayabilmesinden dolay1 saglam ve giivenilir bir temel sagladigi i¢in ¢aligmanin birincil
veri kaynagi olarak kullanilmigtir (Chen ve ark., 2015; Pranckute, 2021).

Veri elde etmek igin arama terimleri olarak “Siiliikk” OR “leech” OR “hirudo” OR “hirudotherapy” OR “leech
therapy” OR “medicinal leech” OR “medicinal leech therapy” (Topic) kullanilmistir. Veri tabaninin siklikla
giincellendigi dikkate alindiginda hata payini minimize etmek ve onyargidan kaginmak igin literatiir taramast
bir glinde gerceklestirildi (5 Aralik 2024).

WoSCC'de anahtar kelimeleri kullanilarak yapilan kapsamli aramada sonrasinda “Countries/Regions”
sekmesinden “Tirkiye” ve “Turkey” secilerek arama daraltilmistir. Biri birincil yazar olarak belirlenen iki
yazar bagimsiz olarak arama yapmis ve herhangi bir tutarsizlik birincil yazar tarafindan ¢oziilmiistiir. Plain
text ve tabdelimted formatlarinda ¢ikarilan veriler belge basliklari, yayin yillari, dergi adlari, yazarlarin adlari,
anahtar kelimeler, kurumlar ve ilkeleri igermektedir. Toplam yayin sayisi ve atiflar da dahil olmak iizere
¢ikarilan tiim veriler WoSCC veri tabanindan alinmistir.

Bilimsel yayinlardan elde edilen verileri sunmak igin tanimlayici istatistiksel teknikler kullanilmistir.
Bibliyometrik analiz i¢in bir web arayiizii uygulamasi olan R-Studio (R siiriim 4.2.2) ile erisilen Biblioshiny
(stiriim 2.0) kullanilmustir (https://www.bibliometrix.org/home/index.php/layout/biblioshiny). R dili ortamu,
Bibliometrix ve Biblioshiny iicretsiz kaynak arastirma yazilim paketlerini g¢aligtirmaktadir. Biblioshiny,
kullanicilarin bibliyometrik ve gorsel analizler yapmasina olanak taniyan etkilesimli bir ¢evrimici veri analiz
platformu olusturur (Aria ve Cuccurullo, 2017).

Arastirmanin Sinirhiliklar: Bu ¢alisma, yalnizca WoSCC veri tabaninda yer alan makalelerin kullanilmasi,
¢alismanin siirliliklarindandir.

BULGULAR

T WOS verilerine gore 1975-2024 yillari arasinda diinya genelinde 7565 tane ¢alisma yapilmistir. Tiirkiye’de
ise ilk yaym 1997 yilinda yapilmis olup, 2024 yilina kadar toplamda 155 ¢alisma yapilmistir. Bu verilere gore
diinya genelinde siiliikk alaninda yapilan ¢aligmalarin sadece %2.05’1 Tiirkiye’de yapilmistir ve bu oranla
Tirkiye siiliik alaninda ¢alisma yapan tilkeler arasinda 11. sirada yer almaktadir.

WOS verilerine gore Tiirkiye’de siiliik ile ilgili caligmalar son yillarda bir artis egilimindedir ve 13 (%8.39)
yayin ile en fazla yayin 2021 yilinda yapilmistir (Sekil 1). Ayrica Tiirkiye’de yapilan calismalar toplam 977
atif almis (kendi yayinlarina atif hari¢) olup H indeksi 19’dur.
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Sekil 1: Tiirkiye’'de Yapilan Yayin Sayilarvun Yillara Gore Dagilimi

Tiirkiye’de yapilan yayinlarin tiirleri incelendiginde ¢aligmalarin 138’nin (%89,03) makale ve 11’nin (%7.1)
editére mektup oldugu belirlenmistir.

Tirkiye’de yapilan ¢aligmalara farkli 164 iniversiteden 458 yazarin dahil oldugu saptandi. Tiirkiye’de siiliikler
ile ilgili, 18 (%11.61) yaym ile en fazla Firat Universitesinden yayn iiretildigi ve bunu 9 (%5.81) yaym ile
Hacettepe Universitesinin takip ettigi belirlendi. Universiteler arast i birligi haritasinda Firat Universitesinin
Tiirkiye’den diger iiniversitelerle en fazla is birligi i¢inde oldugu belirlendi. Ayrica Firat Universitesinin en
fazla Rutgers Universitesi (ABD) ile is birligi yaptig1 saptandi (Sekil 2).

istanbul goztepe training and research hospita ! niz university.

istanbul medeniyet university

rutgers University camden’

gazi university

Sekil 2: Universiteler Arasi Is Birligi Haritast

Tiirkiye’nin siiliik ile ilgili yaynlarda diger {ilke yazarlari ile yaptig1 is birligi haritasina (Sekil 3) bakildiginda,
17 farkli iilkeden yazarlarla is birligi yapildig: ve is birliginin en fazla ABD ile yapildig: belirlendi.
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Sekil 3: Tirkiye - Ulkeler Is Birligi Haritast

Yayinlarda therapy, hirudo medicinalis, survival anahtar kelimelerinin en fazla kullanildig1 belirlendi (Sekil
4).
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Sekil 4: Yayinlarda Kullanilan Anahtar Kelimelerin Siklik Haritast
TARTISMA

Bibliyometrik terimi ilk olarak 1934'te Paul Otlet tarafindan kullanilmistir. Daha sonra 1969'da Alan Pritchard
bu terimi yeniden tanimlamistir (Rousseau, 2014). Bibliyometrik ¢aligsmalarin son yilarda akademik camiada
popiilerligi artmistir. Bu artista VOSviewer gibi bibliyometrik araglarin ve Scopus ve Web of Science gibi
bilimsel veri tabanlarinin etkisi vardir (Passas, 2024). Giiniimiizde hemen hemen her bilim dalinin ilgisini
¢eken bibliyometrik analizde nihai amag, bir aragtirma alanin giincel durumu hakkinda nicel veriler elde
edebilmektir (iri ve Unal, 2024). WoS ve Scopus, bibliyometrik arastirmalar igin kullanilabilecek iki literatiir
veri tabanidir ve her iki veri tabami da alint1 yapilan yaymlar1 ve referanslar gosterme konusunda seffaftir
(Leydesdorff ve ark., 2016). ilk genis kapsamli uluslararasi bibliyografik veritabani1 olan WoS, zamanla dergi
secimi, arastirma degerlendirmesi, bibliyometrik analizler ve diger gorevler igin geleneksel olarak kullanilan
en etkili bibliyografik veri kaynag1 haline gelmistir (Pranckute, 2021).

Binlerce yildir tip alaninda gesitli hastaliklarin tedavisinde bagvurulan hiroduterapi giiniimiizde genel olarak
mikro dolagimin ve damarlarin, vendz kanin yeterli drenajin1 saglayamadigi kritik ameliyat sonrasi donemde
endike olup rekonstriiktif cerrahi alaninda kullanimi yaygindir (Heinz ve ark., 2020; Brauer ve ark., 2024).
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Tibbi siiliikler; solunum sistemi rahatsizliklari, Giriner sistem rahatsizliklari, kas iskelet sistemi rahatsizliklari,
sindirim sistemi rahatsizliklari, kardiyovaskiiler sistem rahatsizliklari, jinekoloji ve obstetrik rahatsizliklar,
dermatolojik rahatsizliklar, kulak burun bogaz hastaliklari, goz hastaliklari, norolojik hastaliklar, dis hekimligi
ve cerrahi alanda olmak tizere tedavide bir ¢ok alanda kullanilmaktadir (Ayhan ve Mollahaliloglu, 2018).

Son yillarda gelismis iilkeler bazi hastaliklarin tedavisinde tamamlayici tip uygulamasi olarak hiroduterapiye
agirlik vermektedir. Almanya, Fransa, Ingiltere, Rusya ve ABD gibi iilkelerde yaygin olarak kullanilmaktadir.
Hirudoterapi tibbi ilag uygulamalarina gére hem daha diisiik maliyetli hem de daha az komplikasyona sahip
olmasindan dolay1 daha ¢ok tercih edilmektedir. Diinya genelinde Hiroduterapi literatiiriiniin %33.57'sinin
ABD’ye ait olmasi ve onu sirasiyla Ingiltere, Almanya ve Fransa’nin takip etmesi gelismis iilkelerin
hiroduterapiye olan ilgisinin ne boyutta oldugunu goéstermektedir. Yapilan caligmalarin ¢ogu zooloji,
farmakoloji, biyokimya, kardiyoloji ve cerrahi alaninda yapilmaktadir (Senel ve ark., 2020).

Ulkemiz tibbi siiliik ihracati konusunda sdz sahibi bir iilkedir. Ulkemizde tibbi siiliikler, 1960 yilindan beri
belli bolgelerden kontrollii bir sekilde toplanarak ABD, Almanya, Fransa, ingiltere ve Isve¢’e ihrag
edilmektedir. Yapilan ¢alismalar, liclincii {ilkelere tekrar satilmasi da hesaba katildiginda Tirkiye nin 2008
yilinda diinya siiliik piyasasindaki paymnin %86,54 oldugu gostermektedir (Godekmerdan ve ark., 2011;
Saglam, 2011).

Ulkemizde bir tip fakiiltesinde gorevli dgretim iiyelerinin %61.9 u (110) iizerinde yapilan bir ¢alismada
katilimcilarin %19.1’inin hayatinda hig siiliik gérmedigi ve %13.6’sin1n ise “Hirudoterapi” kelimesini hi¢
duymadig1 saptanmustir. Yine ayni ¢aligmada doktor dgretim iiyesi ve aragtirma gorevlilerinin sadece %7.8’1,
profesor ve dogentlerin ise sadece %20’sinin hirudoterapi uygulamalari ile ilgili bilgilerinin oldugu tespit
edilmistir (Bilden ve ark., 2024). Ulkemizde bir egitim arastirma hastanesinde calisan arastirma gorevlisi
hekimlerin geleneksel ve tamamlayict tip uygulamalar1 ile ilgili diisiince, tutum ve davranislarinin
degerlendirildigi bir ¢caligmada hekimlerin %51.4’4 (168) bu uygulamalarin kullanilmasi i¢in daha fazla
bilimsel kanita ihtiya¢ oldugunu sdylemistir. Ayni ¢alismada hekimlerin %79.5’1 siiliik tedavisini bilmesine
ragmen sadece 19.6’1 siiliik tedavisini onermektedir (ikiisik ve ark., 2021). Yapilan bu ¢alismayla, diinya
genelinde tibbi siililk alaninda yapilan ¢alismalarin sadece %2.05’inin Tirkiye’de yapildig: saptanmistir. Son
yillarda Hiroduterapinin tekrardan 6nem kazanmasina ve iilkemizde de bol miktarda tibbr siililk bulunmasina
ragmen lilkemizde tibbi siiliik ile ilgili caligmalarin yeterli seviyede olmamasinin nedeni hirudoterapi ile ilgili
bilginin ve farkindalik diizeyinin az oldugu kanaatine varildi.

Yapilan ¢aligmalar, arastirmacilar arasindaki i birliginin zamanla daha yaygin hale geldigini ve bilimsel
caligmalarin 6nemli bir parcast oldugunu gostermektedir. Arastirma verimliligini arttirmak i¢in akademik is
birligi gerekmektedir. Uluslararasi, ulusal veya kurum i¢i yapilan is birligi, iniversitelerin arastirma kalitesini
ve miktarini artirmaktadir (Aldieri ve ark., 2018). Senel ve ark. (2020) tarafindan yapilan bir ¢alismada bu
alanda yayin yapan iilkeler arasinda bir iligki ag1 olusturulmus ve ABD’yi merkez alan dogrusal bir ig birligi
ag1 ortaya ¢cikmistir. Yaptigimiz bu ¢alismada da lilkemizdeki yazarlarin bu konuda en fazla ABD’li yazarlarla
is birligi yaptigi saptanmistir. Elde edilen bu bulgunun Senel ve ark.’nin yaptig1 ¢aligma ile uyumlu oldugu
saptandi. Bu alanda ¢aligma yapacak bilim insanlarinin ABD’li yazarlarla is birligi yapmasi gerektigi kanaatine
varildi. Calismamizda Tiirkiye’de bu alanda 18 (%11.61) yaym ile en fazla Firat Universitesinden yaymn
iiretildigi belirlendi. Calismamizda olusturulan Universiteler arasi is birligi haritasi incelendiginde bu alanda
Firat Universitesinin Tiirkiye’den diger iiniversitelerle en fazla is birligi icinde oldugu goriilmiistiir.
Ulkemizde bu alanda ¢alisma yapacak arastirmacilarm Firat Universitesiyle isbirligi yapmasi nerilir.

Anahtar kelimelerin dogru secilmesi literatiir tarama siirecinde 6nemli bir rol oynar. Bu, sonuglar1 alaka
diizeyine gore siralayan veritabanlar1 igin onemlidir. Ilgili literatiirde siklikla kullanilan tanmnabilir anahtar
kelimleri kullanmak, bir makalenin goriiniirliigiinii 6énemli Ol¢iide artirabilir (Pottier ve ark., 2024).
Hirudinidae familyasinin isim babas1 olan Hirudo medicinalis, tibbi kullanim i¢in en sik referans alinan tiir
olarak goriildiigiinden (Phillips ve Siddall, 2009) dolay1 yaptigimiz ¢alisma bu alanda en ¢ok kullanilan anahtar
kelimenin Hirudo medicinalis oldugu saptandi. Siiliikle ilgili aragtirma yapacak bilim insanlarinin anahtar
kelimelerden olan Hirudo medicinalis’i kullanmalar1 gerektigi kanaatine ulasildi.
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SONUC

Sonug olarak hirudoterapi olarak isimlendirilen tibbi siiliik tedavisi baz1 hastaliklarda dogrudan tedavi edici
ozellige sahipken bir cok hastalikta tibbi tedaviye destek olarak kullanildigi i¢in her gegen giin daha da 6nem
kazanmaktadir. Yapilan bu bibliyometrik caligma ile bu alandaki ¢alisma sayisi, alintt sikligi, uluslararasi
bilimsel is birligi, {iniversitelerimizin calismalar1 ve anahtar kelimelerin kullanimi WoSCC veri tabam
kullanilarak agikliga kavusmustur. Elde edilen objektif veriler bu alanda yapilacak ¢aligmalara yol gdsterici
olacaktir. Geleneksel ve Tamamlayict Tip Uygulamalari igerisinde hirudoterapinin gelismis tilkelerdeki gibi
hak ettigi degeri kazanmasi ve profesyonel saglik personelleri tarafindan uygulanmasinin artmasi icin
iilkemizde hirudoterapi ile ilgili daha fazla bilimsel ¢aligmalar yapilarak farkindaligin artirilmasi gerektigi
kanaatine varildu.

Etik Standart ile Uyumluluk Cikar ¢atismasi

Bu aragtirma c¢aligmasi, arastirma ve yayinlama etigine uygun bir sekilde yiritilmistir. MJAVL'de
yayinlanan makalelerin bilimsel ve hukuki sorumlulugu yazar(lara) aittir.
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. MAKALE
OZET BILGIiSi
Hizla artan niifus, iklim krizi ve gida giivenligi sorunlari, tarimsal iiretimde dijitallesme ve iiriin izleme Gelis:
teknolojilerinin 6nemini her gecen giin artirmaktadir. Dijitallesmenin, gida giivenligi, siirdiiriilebilirlik 10.12.2024
ve verimlilik gibi kritik alanlara 6nemli Katkilar sagladigi bilinmektedir. Ozellikle iiriin izleme Kabul:
teknolojileri, verimliligi artirma, kaynak kullanimini optimize etme ve g¢evresel etkileri azaltma 26.05.2025

acisindan biiyiik bir potansiyele sahiptir. Bu caligmada, {iriin izleme teknolojileri; otomasyon ve
robotik, goriintiileme ve sensorler, biiyiik veri ve veri analitigi basliklar1 altinda incelenmistir. GPS,
IoT ve yapay zeka gibi ileri teknolojilerin tarim sektdriinde kullaniminin yayginlagsmasiyla birlikte,
tarimsal siireglerin daha verimli hale geldigi, tiretimden tiiketiciye kadar izlenebilirligin ve seffafligin
saglandig1 ortaya konulmustur. Ayrica, yakin gelecekte dijital ikiz teknolojisinin tarimda
uygulanmasiyla tarimsal verimliligin artacagi ve daha siirdiiriilebilir bir {iretim yapilacagi
Ongorilmektedir.

Anahtar kelimeler: Uriin Izleme, Otomasyon ve Robotik, Goriintiileme ve Sensorler, Biiyiik Veri ve
Veri Analitigi

Analysis of Crop Monitoring Technologies Used in Crop Agriculture

ARTICLE
ABSTRACT INEO
The rapidly growing population, climate crisis, and food security issues are increasingly highlighting Received:
the importance of digitalization and product tracking technologies in agricultural production. It is well- 10.12.2024
known that digitalization provides significant contributions to critical areas such as food safety, Accepted:
sustainability, and efficiency. In particular, product tracking technologies hold great potential for 26.05.2025

enhancing efficiency, optimizing resource use, and reducing environmental impacts. In this study,
product tracking technologies are examined under the categories of automation and robotics, imaging
and sensors, big data, and data analytics. With the widespread use in advanced technologies such as
GPS, 10T, and artificial intelligence in the agricultural sector, it has been demonstrated that agricultural
processes have become more efficient, and traceability and transparency have been ensured from
production to the consumer. Furthermore, it is anticipated that the application of digital twin technology
in agriculture in the near future will enhance agricultural productivity and enable more sustainable
production.

Keywords: Crop Monitoring, Automation and Robotics, Imaging and Sensors, Big Data and Data
Analytics
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GIRIS

Dinya nifusunun giderek artmasi, iklim krizi, savaslar, kiiresel 1sinma, kiiresel gé¢ hareketliligi gibi biitiin
diinyay1 etkileyen faktorler sebebiyle insanlik gidaya erisim problemi ve kaynaklarin hizlica tiikenmesi riskiyle
karsilagmaktadir. Birlegsmis Milletler tarafindan “Diinya Niifus Tahmini” raporunda Diinya niifusunun 2030'da
8,6 milyar, 2050'de 9,8 milyar ve 2100'de 11,2 milyar1 gegmesinin beklendigi agiklanmistir (O’Sullivan, 2023).
Gida ve Tarim Orgiitii ise 2050°de diinya niifusunun 9,1 milyara ulasacag ve diinya niifusunun gidaya
ulagiminin ve beslenmesinin ciddi bir sorun olacagini ve bunun ile ilgili tiim iilkelerin politikalar gelistirmesi
gerektigini vurgulamaktadir. Ayni sekilde 2050°de gida ihtiyacinda artisin ise %60°dan daha yiiksek
olacagindan hareketle kiiresel tarim ve gida arzinin artmasi gerektigini ifade etmektedir (Le Mouél ve
Forslund, 2017) Artan niifusun gida ihtiyacini kargilamak i¢in verim artisinin yani sira {ilkelerin tarimsal Ar-
Ge alanina yatirimlarim artirmasi ve bu dogrultuda politikalar gelistirmesi gerekmektedir. Bu dogrultuda gida
deger zincirinin tiim asamalarinda ortaya cikabilecek risklere karsin gelismis dijital ¢dziimlerin ortaya
konulmasi 6nemlidir.

Diinyada oldugu gibi Tiirkiye’de de bu durum tiim yetkili otoriteler tarafindan tartisilmakta ve ¢Oziimler
aranmaktadir. Onuncu Kalkinma Plant doneminde (2014-2018) tarim sektoriinde yapisal doniisiimiin
saglanmas1 amaciyla tarimsal desteklerin cesitlendirilmesi, gida gilivenilirligi, toprak ve su kaynaklarinin
stirdiriilebilir kullanimi, aragtirma gelistirmenin artirtlmasi, tarim isletmelerinin modernizasyonu, bitki ve
hayvan sagligi ile 1slah1 basta olmak {izere g¢esitli ¢alismalar yiirtitiilmiistiir (T.C. Kalkinma Bakanligi, 2013).
On Birinci Kalkinma Plan1 déneminde (2019-2023) benzer sekilde galismalarin ivme kazanarak devam
edecegi belirtilmektedir. On Birinci Kalkinma Planinda, Kiiresel Gelismeler ve Egitimler bashiginda Iklim
Degisikligi, Gida Giivenligi ve Suyun Etkin Kullanimina iligkin tespitler yer almaktadir. Belirtilmekte olan
tespit ve degerlendirmeler arasinda; artan gida talebi, iklim degisikligi, sehirlesme, toprak ve su kaynaklari ile
tarimsal triinler ve {retici lizerinde baski olusturmasi; degisen iklime uygun bitki ve hayvan tirlerinin
gelistirilmesi, ¢evre ve biyolojik c¢esitliligin korunmasmin 6nemi, daha az kaynakla gida talebinin
karsilanabilmesi i¢in nitelikli isgiicii ve teknolojiye ihtiya¢ duyulmasi yer almaktadir. Ayrica giderek 6nemi
artan toprak ve su kaynaklarinin siirdiiriilebilir kullanim, gida giivenligi, tarimda daha fazla teknoloji / bilgi
kullanim ile girdi kullammmin etkinlestirilmesi ve pazarlama kanallarmin gesitlendirilerek iiretimin talebe
uygun olarak yonlendirilmesi g¢abalarinin artmakta oldugu ortaya konulmustur (T.C. Cumhurbaskanligi
Strateji ve Biitce Baskanlhigi, 2019). On ikinci Kalkinma Plani déneminde (2024-2028) ise akilli tarim
uygulamalari, tarimsal arazilerin korunmasi, planl bitkisel ve hayvansal iiretim, gida giivenligi, siirdiirtilebilir
tarim, iretici kayit sistemleri ve ilgili bilgi sistemlerinin gelistirilmesi, dijitallesme ve yapay zeka kullaniminin
yayginlastirilmasi gibi bagliklar 6ne ¢ikmaktadir (T.C. Cumhurbaskanligi Strateji ve Biitge Baskanligi, 2023).
Buna gore Tirkiye’de yakin zamanda tarimsal iiretimde dijitallesme ve yapay zekd kullanimini
yayginlagtirmak amaciyla, akilli tarim uygulamalari tesvik edilecek ve bu dogrultuda tarimsal tretici kayit
sistemleri diger kayit sistemleriyle entegre edilerek iyilestirilecektir. Bu entegrasyon, tarim sayimi ve kapsamli
bir tarim envanterinin olusturulmasini destekleyecek, ayn1 zamanda iiriin izlenebilirligini saglayacaktir. Tarim
istatistiklerinin derlenmesi, islenmesi, analizi ve kontrolii igin gelistirilecek bilgi sistemleri, iiretim streclerinin
izlenmesini, erken uyar1 sistemlerini, piyasa kontrollerini ve iiretim planlamasini kolaylastiracaktir. Ayrica
tarim arazilerinin korunmasi, siirdiiriilebilir kullanim1 ve etkin yOnetimi saglanacak, arazi toplulastirma
caligmalar1 sulama yatirimlariyla entegre edilerek verimliligi artirirken, iriin izleme ve izlenebilirligini
destekleyen bir altyap olusturulacaktir.

Uriin izleme; verimlilik artig1, siirdiiriilebilirlik, gida giivenligi, izlenebilirlik, karar destek sistemleri gibi
bircok acidan ilerlemeyi saglamaktadir (Gomiero, 2019). Uriin izleme teknolojileri ciftcilere tarimsal
faaliyetlerini daha verimli bir sekilde yiirlitmesine yardimci olmaktadir. Uzaktan algilama, IoT (Nesnelerin
Interneti) sensorleri ve yapay zeka gibi teknolojiler, iiriinlerin gelisim asamalarin1 anlik veya belirli periyotlar
ile izleme imkani1 sunmaktadir. Bu sayede c¢iftciler verimliliklerini artirmak i¢in dogru kararlart zamaninda
alabilmekte ve kaynaklarmi daha etkin bir sekilde kullanabilmektedir. Siirdiiriilebilir tarim uygulamalari,
tarimsal {iretimin cevresel etkilerini azaltmayr amaglarlar. Uriin izleme teknolojileri, toprak sagligi, su
kullanim1 ve hava kosullar1 gibi gevresel faktorleri izleyerek tarimsal faaliyetlerin siirdiiriilebilirligini
saglamaktadir (Aydin Eryilmaz ve Kilig, 2018). Bu da giftgilerin uzun vadede dogal kaynaklarini koruyarak
iiretim yapmalarina olanak tanimakta ve girdilerini azaltmaktadir. Uriin izleme teknolojileri, tarladan sofraya
uzanan tiim tedarik zinciri boyunca iiriinlerin her agamada dogru ve etkin bir sekilde izlenmesini saglamaktadir.

MJAVL Volume 15 (Issue 1) © 2025 https://dergipark.org.tr/en/pub/mijavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

134

Aslan & Yavuzer Aslan / Manas Journal of Agriculture Veterinary and Life Sciences 15 (1) (2025) 132-145

Ozellikle tiiketicilerin iiriinlerin mensei ve {iretim siiregleri hakkinda daha fazla bilgi sahibi olmas1 agisindan
gelistirilen izlenebilirlik sistemleri igin de iiriin izleme 6nemlidir. Ayrica iiretim siirecinde ortaya ¢ikabilecek
sorunlarin konumunu tespit etmek igin izleme gereklidir. Uriin izleme sistemleri, yapay zeka ve biiyiik veri
analitigi ile entegre edilerek tarimda daha hassas ve Ongoriicii analizler yapilmasina olanak tanimaktadir
(Kumar ve ark., 2022). Ciftciler, elde edilen veriler dogrultusunda tarimsal siiregleri optimize edebilmekte,
olas1 hastalik ve zararlilar1 dnceden tespit edebilmekte ve hatta iklim degisikliklerine gore planlama
yapabilmektedir

Uriin izleme teknolojisi, Grinlerin ciftlik diizeyinde izlenmesini igeren hassas tarimin bir parcasidir. IoT'ye
dayal1 baglantili bir ekosistemle birlikte {iriin sagligi, zararlilarin ve hastalik istilasinin belirlenmesi, hava
kosullari, toprak izleme, sulama izleme, verim tahminleri, stres tespiti vb. ile ilgili dnemli bilgileri toplamak
i¢in sensorlerin, IHA larin ve kamera sistemlerinin kullamlmasi bu pazarm biiyiimesinin &niinii agnustir. Ur(in
izleme, ciftcilerin ektikleri ve hasat ettikleri tarimsal {irtinlerin verimini artirmak ve ¢evresel kaynaklari daha
verimli kullanan bir tarim modeli gelistirmek amaciyla basvurduklart gesitli teknolojileri ifade etmektedir.
Yapay zeka, makine O0grenmesi, uydu goriintilleme ve veri analitigi gibi bu teknolojiler, kiiciik 6lgekli
ureticilerin dahi GUrtin durumunu izlemelerine ve daha yuksek verim elde etmelerine olanak saglamaktadir.
(Ennouri ve ark., 2021). Halihazirda yaygin olarak kullanilan GPS teknolojisi, ¢ift¢ilere girdilerin daha verimli
kullanilmas1 ve tarimsal islemlerin hassas bir sekilde yiiriitilmesi agisindan 6nemli avantajlar sunmaktadir.
GPS ile donatilmis tarim makineleri, belirlenen hatlar {izerinde minimum sapma ile c¢alisarak gereksiz tohum,
giibre ve ila¢ kullanimin1 6nlemekte; bu sayede {iriin izleme siireclerine yiiksek dogrulukta konumsal veri
saglamaktadir. (Torres-Torriti ve Burgos, 2023) Ornegin, GPS destekli giibreleme sistemleri yalnizca ihtiyag
duyulan alanlara uygulama yaparak hem maliyetleri azaltmakta hem de cevresel siirdiiriilebilirlige katki
sunmaktadir. Bu entegrasyon iiriin izleme altyapisinin daha hassas ve etkin ¢aligmasina olanak tanimaktadir.
Bu altyapinin bir diger onemli bileseni ise sensorler ve uzaktan algilama teknolojileridir. Birgok sensor,
toprakta bulunan besin maddeleri, nem, pH ve ¢evresel faktorler gibi ¢esitli parametreleri izlemek ve 6lgmek
amactyla kullanilmakta; bu veriler gercek zamanli olarak ciftciler, ziraat miihendisleri ve arastirmacilar
tarafindan karar destek amaciyla degerlendirilmektedir (Paul ve ark., 2022). Ayn1 sekilde 6zellikle tarim igin
programlannus ve gelistirilmis IHAlar ve uydularla elde edilen tarla goriintiileri, gelismis goriintii isleme
teknikleriyle analiz edilerek hastalik tespiti, zararl istilasi, diizensiz biiyiime ve bitki Ortiisii indeksine dair
onemli ongoriiler sunmakta ve 6zellikle gelismis iilkelerde bu yontemlerin hizli bir sekilde yayginlastigi
gorulmektedir. (Barnes ve ark., 2019)

Uriin izleme sektoriiniin biiyiimesini saglayan en 6nemli faktor, yapay zeka ve IoT tabanli iiriin izleme
cihazlarinin 6nder ¢iftgiler veya kooperatifler tarafindan benimsenmesi ve bunun {izerine 6zellikle verimliligin
artmasi ile iyi orneklerin ortaya ¢ikmasidir. Algilama teknolojileri ile birlikte yapay zeka kullanimi, gercek
zamanl veya gegmis veriler Uzerinden analiz ile izleme saglayarak insan midahalesini ve bagimliligi
azaltmigtir. Uriin izleme pazar1, tarim sektdriinde gergek zamanli bilgi toplama ve buna gére harekete gegme
ihtiyac1 arttikca onemli bir potansiyele sahip olup, heniiz gelisme asamasindadir. Sensorlerin kullanimu,
yenilikler ve sensér maliyetlerinin diismesi sayesinde tarim arazilerinde daha yaygin hale gelmistir. Ayrica,
bir¢ok sirket tarim teknolojisi sektdriine biiyiikk yatirimlar yapmis olup, 2019 yilinda g¢iftlik teknolojisi
girisimlerine toplam 4.7 milyar dolar yatirrm yapilmustir. Uriin izleme pazarimin 2020'de 2.1 milyar dolardan
2025'te 4.4 milyar dolara blyumesi 6ngorilmektedir. (Markets and Markets, 2020).

Uriin izleme sektdriinde Amerika kitas, iiriin izleme pazarinda en biiyiik pay: alan bolgedir. Bunun nedeni,
Topcon, Agleader, Trimble ve PrecisionHawk gibi biiylik pazar oyuncularinin bu bolgede bulunmasidir. Bu
sirketler, yenilik¢i trlinler ve hizmetler sunarak ve Ar-Ge calismalarina biiyiik yatinmlar yaparak pazarin
biiyiimesine katkida bulunmugtur. ABD ve Kanada gibi iilkeler, uzaktan algilama ve goriintiileme
teknolojilerinin yan1 sira otomasyon ve robotik alaninda da erken benimseyenler arasinda yer almaktadir
(Research And Markets, 2025). Avrupa kitasinda -6zellikle bat1 tarafinda- is giicii kitlig1 ve tarimsal tiretimde
kendine yeterlilik ihtiyact nedeniyle tarimda uzaktan algilama ve otomasyon teknolojilerini erken
benimsemistir. Asya-Pasifik bolgesi ise algilama, goriintiileme ve degisken oran teknolojileri agisindan
gelecek vadeden pazarlardan biridir. Bolgedeki ytiksek niifus artis1 ve tarimsal iiretime olan talep, pazarin hizl
blylimesine katkida bulunmaktadir (Markets and Markets, 2020). Hindistan, Avustralya, Cin ve Japonya bu
bolgede 6nemli pazar payina sahip tilkeler olup, Asya-Pasifik pazarinin 2020'den 2025'e kadar hizl1 bir biiyiime
orantyla gelismesi beklenmektedir (Markets and Markets, 2020). Uriin izleme pazarindaki baslica biiyiik
sirketler CropX Technologies (Israil), Topcon (ABD), Trimble (ABD), Cropln (Hindistan), Resson (Kanada),
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Gamaya (Isvigre), AtFarm (Norveg), Bosch (Almanya) ve Telit (Ingiltere) gibi sirketlerdir. Sirketlerin her biri
yiiksek teknoloji iiriinleri gelistirerek tarim ile bulusturmuslardir. Israil merkezli CropX Technologies, toprak
sensorleri ve veri analitigi yazilimlari ile tarla bazli karar destek sistemleri sunarken; Topcon ve Trimble
(ABD) hassas GPS tabanli ekipmanlar, otomatik siiriis sistemleri ve veri analiz platformlan ile entegre
coziimler iretmektedir. Hindistan’dan Cropln, yapay zeka destekli dijital tarla yonetimi platformlari
gelistirerek tireticilere gercek zamanli izleme imkan1 sunmaktadir. Resson (Kanada) goriintii isleme ve makine
ogrenmesi ile tarla saghgm tespit eden ¢dziimler iiretirken, Gamaya (isvigre) hiperspektral gériintiileme
teknolojisi ile hastalik, zararli ve besin eksikliklerini tespit etmektedir. Norvecli AtFarm, uydu goriintiileri
Uzerinden azot yonetimi ve bitki sagligi izleme hizmeti sunarken, Bosch (Almanya) tarim makinelerine entegre
edilebilen IoT tabanli sensor ¢oziimleri gelistirmektedir. Telit (Ingiltere) ise baglantili tarim ¢oziimleri igin IoT
modiilleri ve veri iletigim altyapilar saglamaktadir.

Ote yandan, diinya genelinde ciftciler arasinda dijital ve tarimsal teknolojilere yonelik okuryazarligin artmast,
bu teknolojilerin benimsenmesini hizlandirmakta (Deichmann ve ark., 2016); tarimsal teknoloji ve girisim
sermayesi yatirimlarindaki artig ile saglanan kamu ve oOzel sektor tesvikleri de iiriin izleme pazarinin
genislemesine katkida bulunmaktadir (Birner ve ark., 2021). Bu gelismelerle birlikte, iiriin izleme sistemleri
sadece biiyiikk Olcekli {ireticilerin degil, kiiciik ve orta olgekli c¢iftcilerin de erisebilecegi bir yapiya
doniismektedir. Ancak Ozellikle gelismekte olan iilkelerde ileri tarim teknolojilerinin mekanizasyon
altyapisina entegre edilebilirliginin sinirli olmas1 ve kirsal alanlardaki yetersiz internet altyapisi, bu
yayginlagmanin 6niindeki onemli engeller arasinda yer almaktadir. Ayrica bazi geleneksel iireticilerin yeni
teknolojilere karsi isteksiz tutumu da benimsenme siirecini yavaslatabilmektedir. Tiim bu unsurlar, iiriin izleme
teknolojilerinin yayginlagmasi ve etkili kullanimu igin sadece teknik degil, ayn1 zamanda sosyal ve altyapisal
diizeyde biitiinciil yaklasimlar gelistirilmesi gerektigine isaret etmektedir.

MATERYAL VE YONTEM

Bu ¢aligmada, iirlin izleme teknolojilerine iligskin kapsamli bir bakis ag¢is1 sunmak amaciyla pazar raporlari,
bilimsel ¢aligmalar ve ilgili diger kaynaklar bibliyometrik sekilde incelenmistir. Bibliyometrik analiz bilimsel
yayinlarin istatistiksel yontemlerle incelenmesini saglayan sistematik, seffaf ve tekrarlanabilir bir literatiir
tarama yontemidir. Bu analiz, hizla artan yayin hacmi karsisinda bilgi birikimini anlamlandirmak, bilimsel
alanlarin yapisimi ve gelisimini haritalamak, en etkili ¢aligsmalar ve yazarlan belirlemek amaciyla kullanilir.
Ayrica bu yontem aragtirma onceliklerini belirlemeye yardimc1 olurken, nesnel ve giivenilir bir inceleme sunar.
Bu nedenle bibliyometrik analiz hem akademik degerlendirmelerde hem de politika yapim siire¢lerinde 6nemli
bir aragtir. (Aria ve Cuccurullo, 2017).

Bilimsel yayin taramalar1 i¢in Clarivate Analytics Web of Science veri tabani kullanilmis, Ocak 2010 ile Ocak
2025 tarihleri arasini kapsayan literatiir incelenmistir. Bu zaman dilimi, hem alanin temellerini hem de en
giincel gelismeleri degerlendirmeye olanak tanimaktadir. Tarama kriterleri, tarim, tedarik zinciri yonetimi ve
dijital inovasyon gibi alanlarda {irlin izleme teknolojilerine odaklanan c¢alismalar1 belirlemek {izere
olusturulmustur. Ayrica, akademik yayinlarin yani sira 6nde gelen sektor analistlerinin hazirladigi pazar
raporlari, beyaz kitaplar, bildiriler ve patentler de analiz edilmistir. Bu belgeler, teknolojilerin pratikteki
uygulamalari, benimsenme diizeyleri, karsilasilan zorluklar ve ekonomik etkilerine dair kapsamli veriler
sunmustur. Bu ¢ok boyutlu yaklasim sayesinde, iiriin izleme sistemlerinin giincel uygulamalari, karsilastigi
temel sorunlar ve siirdiiriilebilirlik, kaynak verimliligi ile izlenebilirlik gibi konularda sundugu potansiyel
katkilar derinlemesine incelenmistir. Pazar raporlari, mevcut pazar dinamiklerini ve gelecek projeksiyonlarin
ortaya koyarken; bilimsel ¢aligmalar ise teorik gergeve ve deneysel bulgular araciligiyla ¢caligmanin akademik
temellerini desteklemistir. Ayrica, benzer ¢aligmalardan elde edilen yontem ve bulgularin karsilagtirmali
analizi, metodolojinin saglamligini ve elde edilen sonuglarin giivenilirligini artirmustir.

ARASTIRMA BULGULARI VE TARTISMA

Web of Science taramasi sonucunda belirtilen kriterlere uygun 1405 calisma tespit edilmistir. Bu ¢aligmalar,
615 farkli kaynakta yayimlanmis olup, toplamda 5902 yazar tarafindan katki saglanmistir. Yazarlarin %30,751
uluslararas1 ortak yazarlarik ile c¢alismalar yiiriitmiistiir. Calismalarda toplam 45231 farkli kaynak
kullanilmistir ve yayin bagina ortalama atif sayis1 21,46 olarak hesaplanmistir. Yillara gore bakildiginda her
yil bu alanda yapilan ¢alismalarin artig gosterdigi Sekil 1’de gosterilmistir. 2010'dan 2025'e kadar yillara gore
{iriin izleme konulu bilimsel yayinlarin sayisal dagilimi gosterilmektedir. Ozellikle 2016 yilindan itibaren
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belirgin bir artis egilimi goriilmektedir. 2019 sonras1 dikkat ¢ekici bir ylikselis yasanmis, 2024 yilinda zirveye
ulasarak 242 yayima kadar ¢ikmustir. 2025 verisi ise sadece yilin ilk ¢eyregini kapsadigi igin diisiik goriinmekte
(58 yayin) ancak genel egilim, bu alandaki akademik ilginin siirekli arttigini1 agikg¢a ortaya koymaktadir.
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Sekil 1: Yillara gore tiriin izleme konusundaki WOS yaywn sayilar

Sekil 2’de, iiriin izleme teknolojileri iizerine 15 ve iizeri yayin yapan akademik dergiler gorsellestirilmistir. En
cok yayini yapan dergi Remote Sensing olup, 133 makale ile agik ara 6ndedir. Bu dergiyi sirasiyla Computers
and Electronics in Agriculture (50), Sensors (40) ve Remote Sensing of Environment (39) takip etmektedir.
Liste agirlikli olarak uzaktan algilama, hassas tarim, sensor teknolojileri ve elektronik tarim uygulamalari
odakli dergilerden olusmaktadir. Bu durum, iiriin izleme konusunun disiplinlerarasi yapisin1 ve 6zellikle
uzaktan algilama ile sensor sistemlerinin bu alandaki merkezi roliinii ortaya koymaktadir.
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Sekil 2: Calismalarin Yayinlandigi Dergilere gore Dagilimi

Sekil 3’te iiriin izleme teknolojileri alaninda en fazla bilimsel yayina sahip ilk 10 {ilkeyi, toplam yayin
sayilarina gore biiyiikten kiiclige sirali olarak gostermektedir. Her iilkenin yayilar, tek iilke ortakligi (SCP)
ve ¢ok uluslu ortaklik (MCP) olmak tizere iki kategoride sunulmustur. En fazla yayi gergeklestiren iilke 213
yayinla Cin olurken, onu 152 yayinla ABD ve 143 yaymla Hindistan takip etmektedir. Bu ¢ Ulke, toplam
yayin sayisinda agik farkla éndedir. Onlar1 sirasiyla Italya (97), Ispanya (83), Almanya (64), Fransa (63),
Brezilya (55), Kore (50) ve Kanada (46) izlemektedir. Avrupa iilkeleri olan Italya, Ispanya, Almanya ve
Fransa'nin yayin sayilari orta diizeydedir; ancak bu iilkelerde ¢ok uluslu ortakliga dayali yaymn oranlarinin
gorece yiiksek oldugu goriilmektedir. Ozellikle ispanya, tek iilke ve goklu ortakl1 yayilar arasinda dengeli bir
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dagilima sahiptir. Buna karsilik, Cin, Hindistan ve ABD gibi iilkelerde yayinlarin biiyiik kismi yerel
aragtirmacilar tarafindan dretilmistir. Bu farkliliklar, {ilkelerin aragtirma is birligi stratejileri ve uluslararasi
bilimsel etkilesim diizeyleri hakkinda 6nemli ipuglari sunmaktadir.
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Sekil 3: Calismalarin Ulkelere gore Dagilimi

Calismada iiriin izleme sistemleri 3 kategoride incelenmistir. Bunlar sirasi ile otomasyon ve robotik,
goriintiileme ve sensorler, biiyiik veri ve veri analitigidir. Incelenen alismalar arasinda, Gériintiileme ve
Sensorler kategorisi %46,31 ile en yiiksek orana sahiptir. Otomasyon ve Robotik kategorisi %45,64 oraniyla
bunu yakindan takip ederken, Biiyiik Veri ve Veri Analitigi kategorisi %8,05 oraniyla diisiik paya sahiptir.
2010-2025 yillan arasinda {iriin izleme teknolojilerindeki gelismeleri ve hangi donemlerde hangi teknolojilerin
dne ¢iktigin1 zaman ¢izelgesi seklinde Sekil *de gostermektedir. Ug ana kategoriye ayrilan bu siirecte ilk olarak
otomasyon ve robotik alaninda, 2010-2015 yillar1 arasinda GPS (Kiiresel Konumlama Sistemi) ile otomatik
yonlendirme teknolojisi ve lazer/kizilétesi sensorlerin kullanimi 6ne ¢ikmustir. 2015-2020 yillarinda hassas
tarim verim haritalart ve degisken oranli uygulamalarla birlikte makinelerde otomatik ayar optimizasyonu
saglanmig, 2020-2025 doneminde ise otonom tarim makineleri bu alanda Onemli bir yer edinmistir.
Goruntileme ve sensorler kategorisinde, 2010-2015 yillari arasinda hava goriintiileri ile temel tiriin durumu
sensorleri kullanilmaya baslanmis, 2015-2020 déneminde toprak kosullarinin 6l¢iimii ve gelismis iirtiin durumu
sensorleri devreye girmistir. 2020-2025 yillar1 arasinda ise ¢ok islevli IHAlar ve makine Ustil toprak durumu
sensorleri bu alandaki gelisimi siirdiirmektedir. Biiyiik veri ve dijitallesme ise 2010-2015 yillar1 arasinda tarla
verim haritalariyla baslamis, 2015-2020 doneminde ¢ok katmanli saha haritalari ve veri analitigi, veri
platformlar1 ile daha karmasik hale gelmis ve 2020-2025 yillar1 arasinda artirilmis gergeklik ve agik veri
platformlarimin gelisimiyle daha ileri bir diizeye tasmmmustir. Sekil 4 {irlin izleme dijitallesmenin ve
otomasyonun zamanla nasil gelistigini ve gelecekte hangi teknolojilerin 6ne ¢ikacagini ortaya koymaktadir.
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Sekil 4: Uriin Izleme Pazarindaki Mevcut ve Gelecek Teknolojileri (Markets and Markets raporu
kullanilarak yazarlar tarafindan olugturulmugstur)

Otomasyon ve Robotik

Otomasyon ve robotik, {iriin izleme ve karar destek siireglerinde GPS veya benzeri konumlandirma
teknolojilerini  kullanan gelismis otomatik diimenleme sistemleri ile tarim robotlarinin kullanimini
kapsamaktadir. Otomatik diimenleme sistemleri, traktorler ve otonom tarim makinelerini hassas bir sekilde
yonlendiren navigasyon sistemleridir. Bu sistemler; siiriig, ekim ve hasat islemlerinde dogrulugu artirmanin
yani1 sira, enetji tiiketimini azaltmak, verim kayiplarini en aza indirmek ve tarim girdilerinin daha verimli
kullanilmasini saglamak gibi birgok avantaj sunmaktadir (Fountas ve ark., 2020). Mevcut durumda bazi tarim
makinelerinde, {irlin izleme tekniklerinin bir pargasi olarak yonlendirme teknolojisini veya otomatik
diimenleme cihazlarin1 kullanmaktadir. Uriin izlemede, GPS cihazlar1 tarla haritalama, toprak &rnekleme,
ekim/bi¢im yonlendirme teknolojisi, iiriin kesfi, degisken oranli glibreleme uygulamalari ve verim haritalama
icin ¢iftliklerde traktorlere ve otonom araglara yerlestirilmektedir. Otomasyon ve robotik kategorisi iginde
ilaglama yapan IHAlar, yabanci ot bigiminde kullanilan robotlar ve benzeri birgok makine sayilabilmektedir
(Hasan ve ark., 2021).

Yapilan bibliyometrik aragtirmada bu alanda ciddi bir kiimelenmenin oldugu oldugu tespit edilmistir. Bu
konuda incelenen caligmalardan en fazla atif alan ¢alismalardan bir tanesinde tarla bitkilerinin biiyiime ve
gelisimini yiliksek dogruluk ve tekrarlanabilirlikle izlemek igin, ii¢c boyutlu hareket edebilen, sabit raylara
monte edilmis tam otomatik bir robotik fenotipleme platformu gelistirilmis ve cesitli sensorlerle bitki
performansi yogun sekilde izlenmistir (Virlet ve ark., 2017 Bagka bir ¢alismada ise hassas tarimda mahsul
izleme ve giivenlik i¢in diisiik maliyetli, enerji tasarruflu ve video gézetim 6zelliklerini entegre eden bir WSN
(Kablosuz Sensor Agi) platformu/otomasyonu gelistirilmis, bu platformun enerji tiikketimi, gerceve ¢akisma
olasilig1 ve ugtan uca gecikme agisindan etkinligi simiilasyon ve saha testleriyle dogrulanmistir (Garcia-
Sanchez ve ark., 2011). Benzer sekilde seralarda marul bitkilerinde kalsiyum eksikligini, insan goziiyle
goralebilir belirtilerden bir glin 6nce tespit edebilen, bitki morfolojik, renk ve doku 6zelliklerini analiz eden
bir makine goriis sistemine dayali otomatik izleme ve algilama yontemi robotik olarak gelistirilmistir (Story
ve Ark., 2010).

Milella ve ark. (2024), hizmet olarak robotic (RaaS- Robotics as a Service) yaklasiminin hassas tarimda yeni
bir paradigma olarak nasil uygulanabilecegini ATLAS projesi ¢ergevesinde incelemistir. Tarimda robotik ve
coklu sensor teknolojilerinin yayginlagsmasina ragmen, iireticiye 6zgii kapali sistemler ve birlikte ¢aligabilirlik
eksikligi, sistemlerin esnek uyarlanmasini ve bilgi paylagimini zorlastirmaktadir. Bu sorunu ¢ozmek iizere
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gelistirilen ATLAS projesi, sensor sistemleri, makineler ve veri analiz araglar1 arasinda agik ve dagitik bir
birlikte ¢alisabilirlik ag1 sunmaktadir. Calismada, bag bozumu alanlarinda bitki 6lgekli izleme yapan RGB-D
ve konumlandirma sensoérleriyle donatilmig yenilikgi bir tarim robotu tanitilmig, bu robotla entegre ¢alisan
yazilim bilesenleri araciliiyla renk ve derinlik verileri kullanilarak bitki ortiisii indeksleri ve morfolojik
parametrelerin 6l¢iildiigii bir hizmet sunulmustur. Sistem, iki farkli bagda test edilerek ATLAS agina basartyla
entegre edildigi gosterilmistir. Modiiler yapisiyla coklu robot yapilandirmalarina ve diger hassas tarim
uygulamalarina (6rnegin meyve sayimi, segici giibreleme ve hasat) kolayca uyarlanabilmektedir. ATLAS ile
gelistirilen bu teknoloji, geleneksel tarim ortamlarinda robot kullanimin1 miimkiin kilarak, geng ve teknolojiye
yatkin kusaklar1 tarima ¢ekmeyi hedeflemekte ve nitelikli is giicii eksikligine kars1 ¢oziim sunmaktadir (Milella
ve ark., 2024). Wei ve ark (2024), tarimsal alanlarda otonom veri toplama ve izleme amaciyla gelistirilen mobil
bir kara robotunu tamitmustir. Robot, GPS, IMU ve tekerlek enkoderlerinden gelen verileri birlestiren
genigletilmis Kalman filtresi ile hassas konumlandirma saglamakta ve yonlendirme i¢in yapay elektrik
potansiyel alani temelli yeni bir yontem kullanmaktadir. Dort tekerlekli yapiya entegre edilen sistem,
geleneksel Nav?2 algoritmasina kiyasla daha hizli veri isleme performansi gostermistir. Robot, tarla siralarinda
otonom sekilde hareket ederken RGB ve derinlik goriintiileri toplayabilmekte, bu da sistemin tarimsal izleme
icin etkinligini ortaya koymaktadir. Kullanicilarin hedef bdlgeleri tanimlamasini ve robotu gercek zamanl
izlemesini saglayan grafik arayiiz de gelistirilmistir. ROS2 (Robot Operating System 2) tabanlt mimari ile
calisan sistem, tekli robot uygulamalarinin 6tesinde ¢oklu robot yapilarina genisletilmek {izere planlanmis ve
Unity araytizleri ile birlikte degerlendirilmistir (Wei ve ark., 2024).

Calismalar ve rapor incelendiginde otomasyon ve robotik agisindan 2010-2015 yillari arasinda, GPS ile
otomatik yonlendirme teknolojisi ve lazer/kizilGtesi sensorlerin kullanimi 6ne ¢ikmigtir. Bu donemde, ¢iftgiler
tarimsal araclar1 daha hassas sekilde yonlendirebilmek i¢cin GPS teknolojisinden yararlanmaya baglamislardir.
Ayrica lazer ve kizilGtesi sensorler, tarim makinelerine entegre edilerek daha verimli bir ¢alisma saglamistir.
Bu teknolojiler, tarimsal siireglerin dogrulugunu artirmig ve operasyonel hatalari en aza indirmistir. 2015-2020
yillar1 arasinda, hassas tarim verim haritalar1 ve degisken oranli uygulamalarin yani sira hasat makineleri ve
tarimsal aletler i¢in otomatik makine ayar optimizasyonu yapilmaya baslanmistir. Bu dénemde tarimsal
verimliligi artirmak i¢in makinelerin verileri analiz edip kendilerini optimize etme yetenegi gelismistir.
Ozellikle degisken oranli uygulamalar sayesinde giibreleme, sulama ve ilaglama gibi islemler daha verimli
hale gelmis ve kaynak kullanimi optimize edilmistir. 2020-2025 yillar1 arasinda ise otonom tarim makineleri
devreye girmeye baslamaktadir. Bu makineler, herhangi bir insan miidahalesine gerek duymadan tarimsal
islemleri gerceklestirebilecek sekilde programlanmaktadir. Otonom tarim makineleri, tarlada tamamen kendi
kendine ¢alisan sistemler olarak tarimda biiyiik bir doniisiim saglayacaklardir. Bu teknoloji, is giicii sorunlarin
cozmekte ve tarimsal siireglerin daha etkin, hizli ve diisiik maliyetle yonetilmesine imkan tanimaktadir.

Uriin izlenebilirligi agisindan degerlendirildiginde, 2010-2025 yillar1 arasindaki teknolojik gelismeler, tarim
sektoriinde izlenebilirligin etkinligini énemli ol¢lide artirmustir. 2010-2015 yillar1 arasinda GPS ile otomatik
yonlendirme teknolojisi ve lazer/kizilotesi sensorlerin kullanimi, tarimsal faaliyetlerin daha hassas ve dogru
bir sekilde yapilmasina olanak saglamistir. Bu, tarla ve iiriin yonetimi siireglerinde daha dogru verilerin elde
edilmesi ve bu verilerin izlenebilirlik sistemlerine entegre edilmesi agisindan biiyiik bir adim olmustur. Lazer
ve kizilotesi sensorlerle saglanan veriler, {irlinlerin yetistirilme siirecinde hangi alanlarda ne tiir islemler
yapildigin1 daha net bir sekilde takip etmeye olanak tanimistir. Bu sayede, {iretim siirecinde hangi adimlarin
atildigia dair daha kapsamli ve dogrulugu yiiksek izlenebilirlik bilgileri elde edilmistir. 2015-2020 yillar1
arasinda, hassas tarim kapsaminda verim haritalarinin kullanimi ve degisken oranli uygulamalarin
yayginlagmasiyla birlikte izlenebilirlik siiregleri onemli 6l¢iide gelismistir. Tarimsal makineler, analiz edilen
veriler dogrultusunda ¢alismaya baslayarak giibreleme, sulama ve ilaglama gibi islemleri degisken oranli
teknolojiyle daha hassas ve verimli sekilde gerceklestirmistir. Bu geligsmeler, iirlinlerin yetistirilme siirecindeki
kaynak kullaniminin izlenmesini ve her bir iirliniin hangi ¢evresel ve tarimsal kosullar altinda iiretildiginin
daha ayrintili olarak takip edilmesini miimkiin kilmistir. Ozellikle otomatik makine ayarlarinin optimize
edilmesi sayesinde, liretim siirecinin tiim adimlar1 sistematik bigimde izlenebilir ve belgelenebilir hale
gelmistir. 2020-2025 yillar1 ise otonom makinelerin tarimda devreye girmesiyle, izlenebilirlik agisindan yeni
bir dénemi baglatmigtir. Otonom makineler, insan miidahalesi olmadan iiriin yetistirme siireglerini yonettigi
i¢in, her asamanin dijital ortamda kaydedilmesi ve izlenmesi daha da kolaylagmistir. Bu makineler, hangi
alanlarda hangi islemlerin yapildigimi, ne kadar kaynak kullanildigim1 ve iiriinlerin hangi kosullarda
yetistirildigini otomatik olarak raporlayabilmektedir. Bu durum, tarladan sofraya kadar tiim siireclerin seffaf
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bir sekilde izlenebilmesine olanak taniyarak, tiiketicilere giivenli ve siirdiiriilebilir gida saglama agisindan
biiyiik avantajlar sunmaktadir.

Gorintlileme ve Sensorler

Yapilan bibliyometrik arastirmada en biiyiik kiimelenmenin bu alanda oldugu tespit edilmistir. Hatta HLS
(Uyumlastirilmig Landsat ve Sentinel) veri setinin tarimsal {iriin izleme gibi uygulamalarda yiiksek potansiyel
sundugu vurgulanmis ve bu konuda 6rnek zaman serileri sunulan ¢alisma (Claverie ve ark., 2018) en ¢ok atif
alan calismadir. Ikinci atif orani yiiksek calismada ise tarimsal iiriin izleme icin Sentinel-1 ve benzer optik
verilerle farkl: iiriin tiirlerinin uzaktan algilama sinyallerindeki zamansal degisimleri analiz ederek, 6zellikle
Sentinel-1'in VH/VV (vertical-horizontal/vertical-vertical) oraninin potansiyelini vurgulamaktadir (Veloso ve
ark., 2017). Ugiincii calismada yazarlar arpa yetistiriciliginde IHA ile elde edilen yiiksek ¢oziiniirliiklii RGB
gorilintiilerinden tiiretilen bitki verilerini kullanarak biyokiitle tahmini yontemlerini degerlendirip tarimsal
uygulamalarda potansiyelini ortaya koymuslardir (Bendig ve ark., 2014). Diger bir ¢aligmada ise tarimsal
diretimi artirirken c¢evresel etkileri azaltmay1 hedefleyen hassas tarim uygulamalarinda, uydu gorintiileme,
[HA"lar, biiyiik veri analitigi ve yapay zeka gibi teknolojilerin kullanimin1 ve bunlarin giincel uygulamalarimi
kapsaml1 bir sekilde inceleyerek, uzaktan algilamanin daha genis 6lgekli benimsenmesi i¢in basit ve giivenilir
is akiglarmin gelistirilmesinin 6nemini vurgulamaktadir (Sishodia ve ark., 2020). Calismalar ve rapor
incelendiginde goriintilleme ve sensorler agisindan, 2010-2025 yillar1 arasinda teknolojinin gelisimi {i¢ ana
donemde incelenmektedir. 2010-2015 yillar1 arasinda hava goriintiileme (uydu ve IHA) ve temel iiriin durumu
sensOrleri kullanilmaya baslanmistir. Bu teknolojiler, tarla genelinde genel veriler saglamistir. 2015-2020
doneminde, toprak kosullarinin 6l¢liimii ve daha gelismis tiriin durumu sensdrleri kullanilmaya baglanmis, bu
sensorler toprak ve bitki sagligi hakkinda daha detayli bilgi sunmustur. 2020-2025 yillar1 arasinda ise ¢ok
islevli IHAlar ve makine {istii toprak durumu sensorleri gibi daha gelismis sistemler devreye girmistir. Bu
sistemler, bitki ve toprak sagligina dair daha hassas ve ger¢ek zamanli veriler saglayarak tarimin verimliligini
artirmay1 amaglamaktadir. Tarimda uzaktan algilama ve goriintiileme teknolojileri, tarlaya fiziksel olarak
erisim gerektirmeden iiriin veya arazi durumunun izlenmesine olanak tanimaktadir. Bu teknoloji toprak nemi,
sicaklik, besin durumu, sikigma ve stres gibi ¢esitli tarimsal parametrelerin belirlenmesinde etkili bir arag
olarak kullanilmaktadir (Karmakar ve ark., 2024). Uydu, IHA ve yersel kameralar araciligtyla elde edilen
gorilintiiler sayesinde c¢iftciler, sahaya sensor yerlestirmeden iirlin gelisimini uzaktan takip edebilmekte ve
belirli alanlar1 detayl olarak analiz edebilmektedir (Olson ve Anderson, 2021). Bu goriintiiler, gelismis analiz
yazilimlari ile islenerek iiriin stresinin yeri, yayilimi ve nedenleri hakkinda bilgi sunmaktadir. Uzaktan
algilama sistemleri ayn1 zamanda {iriin ve toprak degiskenligini haritalamak, verim haritalar1 olusturmak ve
zararli ya da hastalik kaynakli sorunlar tespit etmek gibi iglevlerde yaygin olarak kullanilmaktadir. Bu sayede
tarim girdilerinin optimize edilmesi saglanmakta; verimlilik artis1 ve gevresel etkilerin azaltilmasi gibi
sirdiiriilebilir {liretim hedeflerine katkida bulunulmaktadir. Ancak bu teknolojilerin saghikli sekilde
uygulanabilmesi igin cihaz kalibrasyonu, atmosferik diizeltmeler ve goriintii isleme gibi teknik sireclerin
dikkatle yiiriitiilmesi gerekmektedir. Giivenilir ve anlamli sonuglar elde etmek adina gelismis veri isleme
tekniklerinin kullanimi kag¢inilmazdir. Bu asamada ise yapay zeka ve veri analitigi kavramlari devreye
girmektedir (Javaid ve ark., 2023). Uydu goriintileme veya uzaktan algilama, triinlerin biyofiziksel
parametrelerini haritalamak i¢in kullanilan ¢ok bantli bir goriintiileme teknigidir. Hava araglari, bitki Ortiisii
miktarinm Slgerek ekinleri yabanci otlardan ayirt edebilmekte ve bu veriler CBS (Cografi Bilgi Sistemi)
yazilimi yardimiyla haritalara doniistiiriilebilmektedir. Bu teknoloji, genis alanlarda tarla ve iiriin durumunu
neredeyse gercek zamanli olarak izlemek igin degerli bilgiler sunmaktadir. Ancak, verilerin giivenilirligi ve
zamaninda teslimi hala 6nemli bir endise kaynagidir. Uydu goriintiilleme, karmasik dijital sensorler sayesinde
diinya yilizeyini hizli ve kaliteli bir sekilde tarayabilmektedir. Klorofilin radyasyonu emmesini 6lgen NDVI
(Normalized Difference Vegetation Index) gibi analiz yontemleri, gtibre ve su gibi girdilerin yonetilmesi ile
{irlin verimi tahmini i¢in kullanilmaktadir. Bu analizler, ¢iftgilerin tarim faaliyetlerini optimize etmelerine ve
gelecekteki Uretimi planlamalarina yardimer olmaktadir (Wu ve ark., 2015). IHA’lar, tarimda maliyetleri
azaltma ve degisken oranli uygulamalarda daha hassas veri saglama avantajlar sayesinde {iriin izleme amaciyla
yaygin sekilde kullanilmaktadir. Geleneksel yontemlerle ¢iftgilerin tarlay fiziksel olarak gezip veri toplamasi
giinler surebilirken, IHA lar kisa siirede genis alanlarin yiiksek ¢dziiniirliiklii goriintiilerini toplayarak énemli
bir zaman ve emek tasarrufu saglamaktadir. Elde edilen bu goriintiiler, goriintii isleme yazilimlar1 ve analiz
sistemleri aracilifiyla islenerek bitki sayim, bitki boyutu ve tarladaki stresli alanlarin ya da sorunlu bolgelerin
tespiti gibi ¢iktilara doniistiiriilmektedir (Cuaran ve Leon, 2021). IHAlar, bitki homojenligini ve verimini
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erken asamada tespit edebilme yetenegine sahiptir. Hiperspektral kameralar ve goriintlleme sensorleri ile
donatilan bu cihazlar, ciftciler tarafindan kiralanabilmekte veya satin alinabilmektedir. IHA’dan ¢ekilen
goriintiiler, bulut tabanli yazilim ¢éztimleri yardimiyla diizeltme iglemine tabi tutularak tek bir perspektif
sunacak sekilde birlestirilebilmektedir. Bu islem sonucunda cografi referansli haritalar olusturulabilmekte ve
yabanci ot tespiti, liriin saglig1 izleme, hasat izleme ve verim tahmini gibi gérevler i¢in kullanilabilmektedir.

Yersel sensorler, iiriin ve tarla verilerini toplamak amaciyla kullanilan uzaktan algilama cihazlaridir. Bu
sensorler, el tipi cihazlara entegre edilebildigi gibi tarim makinelerine monte edilerek de kullanilabilmektedir.
El tipi sensorler; besin dizeyi, toprak yapisi ve iklim kosullarimi 6lgmeye yonelik farkli kategorilere
ayrilmaktadir. Toprak nemi, sicaklik ve besin maddeleri gibi kritik tarimsal parametreleri sahadan dogrudan
6lgen bu sensorler, uydu tabanli sistemlere kiyasla hem daha uygun maliyetli hem de uygulamaya 6zel esnek
¢oziimler sunmaktadir (Ali ve ark., 2022) Bu nedenle 6zellikle verim izleme ve toprak haritalama gibi Grin
izleme uygulamalarinda yaygin olarak tercih edilmektedir. Yer tabanli sensorlerin kullanim kolaylig1 ve teknik
bilgi gereksiniminin az olmasi, ciftciler acisindan erisilebilirligini artirmaktadir. Ote yandan telemetri
teknolojileri de giderek 6nem kazanan bir alan olmaya baslamistir. Tarimda telemetri teknolojileri, tarla
ekipmanlarindan gercek zamanli veri toplanmasini, bu verilerin kablosuz aglar ya da uydu sistemleri
araciligtyla bulut tabanli platformlara iletilmesini ve sonrasinda analiz edilerek anlamli bilgilere
doniistiiriilmesini saglayan entegre bir sistemdir. Bu sistem sayesinde; traktor, bicerdover ve ilaglama
makineleri gibi ekipmanlarin ¢alisma saatleri, konum bilgileri, hizlari, yakit tiiketimleri ve mekanik durumlari
uzaktan izlenebilmektedir. Ozellikle hassas tarim uygulamalarinda, telemetri araciligryla toplanan veriler,
makinelerin operasyonel verimliligini artirmak, bakim siire¢lerini planlamak, enerji tiiketimini azaltmak ve
karar destek sistemlerini gii¢lendirmek amaciyla kullanilmaktadir. Arastirmalar, bu teknolojilerin tarimsal
otomasyonun oOnemli bir bileseni haline geldigini ve dijital tarimin temel taslarindan biri olarak
degerlendirildigini gostermektedir. (Marques ve ark., 2022).

Biiyiik veri ve Veri Analitigi

Tarimda biiyiik veri platformlari, tarimsal faaliyetlerden c¢esitli teknolojiler ile elde edilen verileri toplayan,
isleyen ve analiz eden dijital sistemlerdir. Bu platformlar, ciftgilerin ve tarimsal igletmelerin toprak, hava
kosullart, tiriin durumu, sulama, giibreleme, zararl izleme gibi ¢esitli alanlardan veri toplayarak daha bilingli
kararlar almalarina yardime1 olmaktadir. Biiylik veri, uydu gortntiileri, sensérler, hava durumu verileri, traktor
ve diger tarim makinelerinden gelen telemetri verileri gibi kaynaklardan saglanmaktadir. Biiyiik veri
platformlar1 ayrica tedarik zinciri yonetimi ve izlenebilirlik agisindan da 6nemli avantajlar sunmaktadir.
Uriinlerin ciftlikten sofraya kadar izlenmesini saglayarak, tarimsal iiretimde seffaflig1 artirir ve gida giivenligi
sorunlarini ¢6zmeye yardimei olmaktadir (Chergui ve Kechadi, 2022). Ciftgiler, tedarik zincirindeki her adimi
izleyerek, hangi asamada ne tiir islemler yapildigin1 kayit altina alabilmektedir. Bu izlenebilirlik hem
tiiketicilere iiriin giivenligi saglamakta hem de siirdiiriilebilir tarim uygulamalarini desteklemektedir. Ote
yandan tarimda veri analitigi, ¢esitli kaynaklardan elde edilen biiyiik miktarda tarimsal verinin toplanmasi,
islenmesi ve analiz edilmesi siirecidir. Bu veriler arasinda toprak sagligi, hava durumu, iiriin bitylimesi, sulama
diizeyleri, giibre kullanim1 ve zararli izleme gibi tarimsal faaliyetler yer almaktadir. Veri analitigi, bu verileri
analiz ederek ciftgilere tarimsal siireglerini optimize etmeleri i¢in eyleme gegirilebilir bilgiler sunmaktadir.
Tarimda veri analitigi, {irlin verimliligini artirmak, maliyetleri diisiirmek ve cevresel siirdiiriilebilirligi
saglamak amaciyla kullanilmaktadir. Veri analitigi uygulamalar1 arasinda verim tahmini, kaynak yonetimi (su,
giibre ve pestisit kullanimi), toprak saglig1 analizi, iklim ve hava durumu tahmini, zararli ve hastalik izleme ve
hasat zamanlamasi yer almaktadir. Bu uygulamalar, ¢iftgilere daha bilingli kararlar alabilme imkani
saglamaktadir. Ornegin, hava durumu verileriyle yapilan analizler, giftcilere sulama ve giibreleme
zamanlamasini optimize etme konusunda rehberlik edebilmektedir. Ayrica, zararlilarin ve hastaliklarin erken
tespiti ile verim kayiplar1 6nlenebilmektedir. Veri analitigi sayesinde giftciler, maliyetleri diigtiriip verimliligi
artirarak hem ekonomik hem de ¢evresel fayda saglayabilir.

Yapilan bibliyometrik arastirmada bu alanda diisiik bir orada kiimelenmenin oldugu oldugu tespit edilmistir.
Caligmalar incelendiginde genellikle yapay zeka tekniklerinin {irlin izlenebilirligi alaninda kullamildig
goriilmiistiir. Ornegin bir calismada arastirmacilar Landsat 8 OLI'den (Operational Land Imager) elde edilen
NDVI zaman serileri kullanilarak misir verim tahmini i¢in ileri makine 6grenimi yontemleri (BRT (Boosted
Regression Trees), RFR (Random Forest Regression), SVR (Support Vector Regression), GPR (Gaussian
Process Regression)) degerlendirilmis ve BRT'nin iistiin performans gosterdigi, RFR'nin ise verim tahmininde
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en istikrarli yontem oldugu belirlenmistir (Aghighi ve ark., 2018). Baska bir ¢alismada ise Sentinel-1 radar
verilerinin kullanimiyla piring boyu ve kuru biyokiitle tahmini i¢in makine 6grenimi yontemleri (SVR, RFR,
MLR (Multiple Linear Regression)) degerlendirilmis, 6zellikle RFR yontemiyle yiiksek dogruluk saglanarak
Sentinel-1'in piring biyofiziksel parametrelerinin tahmininde etkili oldugu gosterilmistir (Ndikumana ve ark.,
2018). Goriilecegi gibi bu alan heniiz erken donemini yasamakta ve mevcut yapay zeka tekniklerinin alana
uygulanmasi ve optimize edilmesi asamasindadir.

Kum ve ark. (2024), genis 6l¢ekli akilli tarim uygulamalari i¢in bulut-yerel mimariye sahip bir yapay zeka
platformu Onermistir. Derin 0grenme tabanli analizlerin kirsal alanlardaki sinirli bilisim kaynaklartyla
entegrasyonu zor oldugundan, Onerilen yapi, u¢ kaynaklari cihaz degil, yonetilebilir kaynaklar olarak ele
almakta ve Kubernetes ile bu kaynaklarin entegrasyonunu saglamaktadir. Sistem, yapay zeka uygulamalarinin
kapsayicilar araciligiyla dagitimini, RESTful API’lerle kontroliinii ve kullanici dostu arayiizii izerinden gorsel
yonetimini miimkiin kilmaktadir. Kamera destekli gomiilii sistemlerle test edilen platform, farkli ciftlik
alanlarma ve {irlinlere yonelik yapay zeka uygulamalarinin kolayca konuslandirilmasini, kaynaklarin
paylagilmasini ve hizmetlerin otomatik 6lgeklenmesini desteklemektedir. Cilek tarlasinda gergeklestirilen iiriin
izleme senaryosu, sistemin bulut-ug siirekliliginde dikey uygulamalara uygun oldugunu gostermistir. (Kum ve
Ark., 2024).

Ahmed ve ark. (2025), IoT tabanli tarim uygulamalarinda yapay zeka ve biiyiik veri teknolojilerinin bitki
izleme siireglerine entegrasyonunu incelemistir. Calismada, gorintu sensorleri ile toplanan yaprak verileri,
derin 6grenme ve akilli hesaplama algoritmalariyla islenerek bitki hastaliklarinin erken tespiti saglanmistir. Bu
sistem, hastalik siniflandirmasi, ger¢ek zamanl uyarilar ve tarimsal karar destek Onerileri sunarak sulama,
ilaglama ve giibreleme gibi uygulamalarin optimize edilmesine olanak tanimaktadir. Saglikli ve hastalikli
yapraklar1 siniflandirmak igin gelistirilen derin 6grenme modelinin %98 dogruluk orani elde ettigi belirtilmis,
modelin veri kiimesi ve parametreleri ayrintili bigimde dogrulanmistir. IoT tabanli akilli tarim sistemlerinin
kaynak verimliligini artirdigi, cevresel etkiyi azalttigi ve siirdiiriilebilirligi gliclendirdigi vurgulanmustir.
Ayrica, tarimda Al ve biiylik veri uygulamalarinin karsilastigi gizlilik, gilivenlik, birlikte calisabilirlik ve
kaynak yonetimi gibi zorluklara da deginilmistir. (Ahmed ve ark., 2025).

Caligmalar ve rapor incelendiginde Biiyiik Veri ve Dijitallesme kategorisinde 2010-2025 yillar1 arasindaki
teknolojik gelisimleri su sekilde incelenebilir. 2010-2015 doneminde, tarla verim haritalar1 kullanimi
yayginlagmistir. Bu haritalar, tarimsal faaliyetlerin daha verimli hale getirilmesi ve kaynaklarin optimum
kullanimi i¢in 6nemli bilgiler saglamigtir. Bu donemde veri toplama ve isleme siiregleri heniiz baslangic
asamasinda olup, verimlilik artisina odaklanilmigtir. 2015-2020 déneminde ise ¢ok katmanli saha haritalar1 ve
veri analitigi 6n plana ¢ikmis, bu sayede daha derinlemesine veri analizi yapilarak tarim siiregleri optimize
edilmistir. Veri platformlar1, giftgilere daha dogru ve detayli bilgi sunarak karar alma sureglerini
kolaylastirmigtir. 2020-2025 yillar1 arasinda ise artirilmig gerceklik ve agik veri platformlart gibi daha ileri
dijital teknolojiler tarima entegre edilmistir. Son donemlerde, verilerin daha erisilebilir ve kullanigh hale
gelmesiyle giftgiler, tarimsal faaliyetlerinde daha etkin ve verimli bir yol izleme imkanina sahip olmustur. Bu
teknolojiler, tarimda dijitallesmenin énemli bir asamaya geldigini gostermektedir.

Bu dijital doniisiim siireci, tarim sektoriinde dijital ikiz (digital twin) kavraminin da giderek daha fazla 6nem
kazanmasina neden olmaktadir. Dijital ikiz, fiziksel bir tarim arazisinin veya tarimsal siirecin dijital bir
kopyasinin olusturulmast anlamina gelir. (van Dinter ve ark., 2022) Bu sistem; sensorler, uydu gorinttleme,
I0T cihazlar1 ve yapay zeka algoritmalari ile elde edilen veriler sayesinde, tarladaki anlik durumu dijital
ortamda es zamanli olarak yansitabilmektedir. Boylece ciftciler, tarlada fiilen bulunmaksizin dijital model
uzerinden sulama, glibreleme, ilaglama ve hasat gibi kararlar1 veri odakli bigimde alabilmektedir. Dijital ikiz
teknolojisi sayesinde ge¢mis veriler analiz edilerek gelecege yonelik tahminler yapilabilir; potansiyel riskler
onceden tespit edilerek erken onlem alinabilir. Bu da iiretim siireglerinin daha verimli, strdurulebilir ve
izlenebilir hale gelmesini saglamaktadir. Sonug olarak, tarimda dijitallesme yalnizca veri toplamay1 degil, bu
verilerle gergek zamanli ve dinamik karar destek sistemleri olusturmayr da miimkiin kilmakta ve dijital ikiz
teknolojisi ise bu doniisiimiin en ileri asamalarindan birini temsil etmektedir.

SONUC VE ONERILER

Tarimda dijitallesmenin Onemi, tarimsal tiretimde verimlilik, stirdiiriilebilirlik ve karar verme siireglerini
optimize etme yeteneginde yatmaktadir. Dijitallesme, ciftcilerin tarim arazilerinden, tiriinlerden ve ¢evresel
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faktorlerden toplanan verileri daha hizli ve dogru bir sekilde analiz etmelerini saglar. Bu sayede kaynak
kullanimu, tiriin izleme, sulama, giibreleme ve hasat gibi kritik tarimsal faaliyetler daha verimli hale gelir.
Dijital teknolojiler, 6zellikle bilyiik veri analitigi, yapay zeka, sensorler, IHA’lar ve loT gibi araglarla,
ciftcilerin sahadaki ger¢ek zamanl verilere dayali olarak daha bilingli kararlar almasina olanak tanir. Bu da
hem iiretim maliyetlerini diisiirmekte hem de su ve enerji gibi kaynaklarin daha verimli kullanilmasini
saglamaktadir. Ayni zamanda, iiriin izlenebilirligini artirarak tedarik zincirindeki seffaflig1 gili¢lendirir ve
tiiketici giivenini artirir. Dijitallesme, gida giivenligi, iklim degisikligi ve kaynaklarin siirdiiriilebilir kullanim
gibi kiiresel tarimsal zorluklarla basa ¢ikmak i¢in kritik bir rol oynamaktadir.

Uriin izlemenin nemi, tarimsal {iretimin her asamasinin izlenebilir ve yonetilebilir olmasini saglamasindan
gelmektedir. Ciftgiler, tedarik zincirindeki {irlinlerin tiretiminden tiiketiciye ulagsmasina kadar olan siireci takip
edebilmekte ve herhangi bir sorun veya aksaklik oldugunda hizli bir sekilde miidahale edebilmektedirler. Bu
izlenebilirlik, gida giivenligi acisindan biiylik 6nem tasir; {irtinlerin kaynagi, iiretim kosullar1 ve hasat sonrasi
islemleri hakkinda detayli bilgi sunarak tiiketiciye giliven vermektedir. Ayrica, {iriin izleme teknolojileri
sayesinde hastalik, zararl istilas1 veya iklimsel faktorler gibi sorunlar aninda tespit edilerek verim kaybi ve
maliyetler minimize edilebilir. Uriin izleme, siirdiiriilebilir tarim uygulamalarinin gelistirilmesine de katkida
bulunmaktadir. Bu sekilde kaynak kullanimi optimize edilerek cevresel etkilerin azalmasina yardimci
olunmaktadir. Uriin izleme teknolojisi kapsaminda birgok farkli yaklasim kullamlmaktadir. Teknoloji
ilerledikce bu yaklasimlar farklilasarak evrim gecirecektir.

Gilinlimiizde algilama ve goriintiileme teknolojisi, 2019 yilinda 1,5 milyar dolar olarak degerlendirilen ve 2025-
2026 yillarinda 3,1 milyar dolara ulagsmasi beklenen iiriin izleme pazarinda en biiyiik paya sahip
bulunmaktadir; s6z konusu teknolojinin 2020-2025 yillar1 arasinda %14,4°lik bir CAGR (Bilesik Yillik
Biiyiime Orani) ile artig gostermesi dngoriilmektedir. Otomasyon ve robotik teknolojileri i¢in iiriin izleme
pazari ise 2019 yilinda 226 milyon dolar olarak degerlenmis olup, 2025 yilma kadar 539 milyon dolara
ulagmast ve %17,8’lik bir CAGR ile biiyiimesi beklenmektedir. Algilama ve goriintiileme teknolojisi, bu
alandaki hizli gelismeler ve tarimda THA larin yayginlasmasi sayesinde en biiyiik pazar payina sahip olmaya
devam etmektedir. Degisken oranli teknolojiler i¢in iiriin izleme pazari ise 2019 yilinda 398 milyon dolar
olarak degerlendirilmis olup, 2025 yilina kadar 898 milyon dolara ulagmas: ve 2020-2025 ddneminde
%16,7°lik bir CAGR ile biiyiimesi ongoriilmektedir. (Markets and Markets, 2020). Tiim bu veriler, yakin
gelecekte tirlin izleme teknolojilerinde farkli yazilim, donanim ve hizmet modellerinin ortaya ¢ikacagini
gostermektedir. Ozellikle sensorler ve goriintiileme teknolojileriyle biriken biiyiik verinin, veri analitigi
teknikleriyle anlamlandirilmast; bu geri bildirimlerin ¢iftgilere ya da otonom sistemlere iletilerek {iriin
izlenebilirliginin yapay zeka ile entegre edilmesini miimkiin kilmaktadir.

Uriin izlenebilirligi ileriki zamanlarda dijital ikize evrilecektir. Tarimda dijital ikiz, fiziksel bir tarim arazisinin
veya tarimsal siireglerin dijital ortamda olusturulmus sanal bir kopyasidir. (Cesco ve ark., 2023) . Bu teknoloji,
tarlada olup bitenleri dijital bir model (zerinden takip etmeye, analiz etmeye ve optimize etmeye olanak
saglayacaktir. Dijital ikiz; sensérler, I[HA lar, uydu goriintiileri ve diger veri toplama araclariyla siirekli veri
akig1 saglayarak fiziksel ortamda meydana gelen degisiklikleri aninda dijital modeline yansitir. Bu teknoloji,
ileride tarimda uygulandiginda verimliligi artirmak i¢in giftgilere biiylik avantajlar sunacaktir. Dijital ikiz, iiriin
sagligini izlemek, giibreleme ve sulama stratejilerini optimize etmek, zararlilarin yayilmasini énceden tahmin
etmek gibi karar destek siireglerinde kullanilabilir. Sonug olarak, {iriin izleme agisindan tarimda dijital ikiz
teknolojisi, daha verimli ve siirdiiriilebilir bir tiretim saglamada kritik bir rol oynayacaktir.

CIKAR CATISMASI

Makale yazarlari aralarinda herhangi bir ¢ikar ¢atigsmasi bulunmamaktadir.
YAZAR KATKISI

Yazarlar ¢alismaya esit oranda katki saglamustir.

ETiK BEYAN

Bu arastirma ¢aligmasi, arastirma ve yayinlama etigine uygun bir sekilde yiiriitiilmiistiir. MJAVL'de
yayinlanan makalelerin bilimsel ve hukuki sorumlulugu yazarlara aittir. Bu makalede insan veya hayvan
deneklerle herhangi bir ¢calisma bulunmamasi nedeniyle etik onaya gerek duyulmamaktadir.
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balanced nutrition. The production of natural food additives from plant, animal and fungal sources is
gaining importance day by day to produce food with natural ingredients. Phenolic compounds commonly
found in plants are organic compounds that contributes to improve the textural and sensory properties of
foods, as well as enriching their nutritional values, and takes an active role in ensuring food safety due
to its antimicrobial, antioxidant and antifungal effects. Studies conducted also show that phenolic
compounds can be used in the treatment of infection, obesity, diabetes, cardiovascular health problems
and aging. In this review study, the mechanisms of antimicrobial, antioxidant, anti-fungal, anti-biofilm,
anti-oxidative stress, anti-inflammatory, anti-obesity, anti-diabetic, anti-aging and cardiovascular effects
of phenolic compounds were investigated.
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INTRODUCTION

Phenolic compounds or polyphenols found in various organs of plants (vegetables, fruits, nuts, cereals,
legumes, etc.) and described as secondary metabolites are bioactive compounds that play an important role in
various physiological phenomena. These bioactive compounds play a role in the formation of organoleptic
properties in plants, such as pigmentation, bitterness or astringency. In addition, they act as protective
substances in plant defense against UV light, parasites and insects (Alara et al.,2021; Albuquerque et al., 2021).

Phenolic compounds contain a benzene ring (CsHs) with one or more hydroxyl groups, also called phenol. As
a result of studies to date, phenolic compounds with more than 8000 different molecular structures have been
identified (Artik et al., 2016; Cosme et al., 2020; Zhang et al., 2022). Phenolic compounds can be found in free
form or in water-soluble or insoluble forms bound with carbohydrates, proteins, organic acids or other
biomolecules (Alara et al., 2021; de Aradjo et al., 2021). Phenolic compounds are generally classified
according to the number of phenolic rings, the substituents attached to the rings and the structural elements
that connect these rings. The main classes of polyphenols or phenolic compounds are phenolic acids,
flavonoids, chalcones, phenolic alcohols, stilbenes, lignans, coumarins and tannins (Maniglia et al., 2021).
However, the main phenolic compounds found in foods are mostly examined in two groups as phenolic acids
(hydroxycinnamic acids, hydroxy benzoic acids, hydroxycinnamic acid derivatives) and flavanoids
(anthocyanidins, catechins, flavonols, flavones, flavanones, procyanidins, loyco-anthocyanidins and dihydro-
chalcones) (Artik et al., 2016; Arfaoui, 2021).

After the discovery of the biological activities of phenolic compounds for various diseases, interest in these
compounds has increased day by day. A large number of studies have been carried out in order to improve
human health, prevent or treat diseases. When the studies were examined, it was determined that phenolics are
agents with beneficial properties in terms of health such as antioxidant, anti-inflammatory, antimicrobial, anti-
allergenic, antiviral, anticarcinogenic (Grgic¢ et al., 2020; Zhang et al., 2022), anti-diabetic, anti-biofilm, anti-
fungal (Onat et al., 2021) activities, and in preventing diseases such as oxidative stress, obesity, osteoporosis
and cardiovascular diseases (de Araujo et al., 2021).

Antimicrobial, antioxidant, antifungal, antibiofilm, anti-oxidative stress, anti-inflammatory, anti-obesity, anti-
diabetes, anti-aging and cardiovascular mechanisms of effect were investigated in relation to the bioactivity of
phenolic compounds. The explanation of the bioactivity and mechanisms of action of phenolic compounds is
of great importance for food scientists and pharmacologists. Food scientists can use them as natural food
additives due to the antimicrobial, antibiofilm, antioxidant and antifungal effects of phenolic compounds and
the knowledge of their mechanisms of action. Pharmacologists can integrate phenolic compounds into existing
treatment methods due to the knowledge of the pathway in which phenolic compounds are effective in the
treatment of many diseases, or they can include phenolic compounds in new methods to be developed.

Mechanism of Antimicrobial Effect

Acrtificial food additives in the food industry have started to be replaced by natural food additives as a result of
developing technology. The use of phenolic compounds obtained from plants as natural food additives is
increasing day by day due to their antimicrobial effects. It has been confirmed that phenolic compounds have
inhibitory effects on many foodborne pathogenic (Escherichia coli, Salmonella Typhimurium, Pseudomonas
aeruginosa, Bacillus cereus, Staphylococcus aureus and Listeria monocytogenes etc.) and spoilage causing
microorganisms. However, the mechanism of antimicrobial effect of phenolic compounds could not be clearly
declared (Martinez-Gonzalez et al., 2017; Pernin et al., 2019).

There are many different theories about the mechanisms of antimicrobial effect of phenolic compounds. The
first one of these theories is the hydroxyl groups (OH-) in the structure of phenolic compounds interact with
the cell membrane of bacteria, disrupting the membrane structure of the cells and causing cellular components
to leak out of the cell. Another theory is; OH- groups in the structure of phenolic compounds cause
delocalisation of electrons acting as proton exchangers and decrease the tendency of bacterial cells on the
cytoplasmic membrane, causing cell death due to collapse of the proton motive force and decrease in the ATP
pool. It is also known that OH- groups can change the enzyme metabolism by easily binding to the active part
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of enzymes by changing the cell metabolism of microorganisms. While; low concentrations of phenolic
compounds affect enzymes responsible for energy production, high concentrations show antimicrobial effect
by increasing the denaturation of proteins. As a result, it is possible to explain the mechanisms of antimicrobial
effect of phenolic compounds in the form of damage to the cytoplasmic membrane, collapse of protein
movement force, disruption of electron flow and coagulation of cell components caused by decreased active
transport, leakage of macromolecules such as ribose and Na glutamate from the cell structure, changes in cell
membrane permeability and denaturation of protein structure, changes in protein and nucleic acid synthesis
mechanisms and changes in enzyme mechanism (Onciil and Karabiyikli, 2016; Yiicel-Sengiin and Oztiirk,
2018).

The mechanism of fungal inactivation by the combination of phenolic acids and 405 nm irradiation was
associated with the formation of H,O, and hydroxyl radicals following 405 nm irradiation of phenolic acid
solutions. It was understood that irradiation of phenolic acids caused a significant increase in the level of
intracellular reactive oxygen derivatives and it increased cell inactivation. The increase in the level of
intracellular reactive oxygen derivatives could not be associated with changes in membrane permeability and
ATP content was significantly reduced. These results show that the first stage in the photofungicidal
mechanism is the system of oxidative damage to mitochondria or the cellular catabolism system associated
with ATP synthesis because of the photoreaction of phenolic acids absorbed by the fungus (Shirai et al., 2022).

The mechanisms of effect of phenolic acids, such as the decrease of extracellular pH in the presence of phenolic
acids directly inhibiting growth against Listeria monocytogenes, the inhibitory effect of the undissociated acid
form, and the inhibitory effect of the dissociated acid form, were all studied. Firstly, chlorogenic acid and
gallic acid have a low antimicrobial activity on bacterial development, mainly by inhibiting the growth of L.
monocytogenes with their ability to lower extracellular pH. Second, caffeic acid, p-hydroxybenzoic acid,
protocatechuic acid and vanillic acid exhibit antimicrobial behaviour mainly through the ability of their
undissociated forms to inhibit the growth of Listeria monocytogenes. Third, p-coumaric acid and ferulic acid
similarly exhibit antimicrobial behaviour through their undissociated forms, but their dissociated forms also
show significant antimicrobial activity (Pernin et al., 2019).

Valine and chlorogenic acid can cause bacterial death by destroying the surface membrane and internal
structure of cells (Lou et al., 2011; Li et al., 2014; Jiang et al., 2020). Quercatinin causes cell death by cell
membrane disruption (membrane hardening), DNA gyrase inhibition, Type 3 secretion inactivation,
dehydratase inhibition and protein kinase inhibition mechanisms (Plaper et al., 2003; Zhang et al., 2008;
Shakya et al., 2011; Wu et al., 2013; Tsou et al., 2016). Apigenin causes dehydratase inhibition and protein
kinase inhibition (Zhang et al., 2008; Shakya et al., 2011).

Mechanism of Antioxidant Effect

Phenolic compounds found in plants are known to be powerful antioxidants that prevent oxidative damage
caused by biomolecules. The mechanism of antioxidant effect is mainly based on the scavenging of free
radicals, inhibition of lipid peroxidation and activation of the endogenous antioxidant system. The antioxidant
potential of phenolic compounds is related to their structure and is affected by hydroxyl groups and
glycolisation factor. Since hydroxyl groups are a source of hydrogen and electrons, their number and position
are related to the antioxidant effect of phenolic compounds. The presence of substituents in the aromatic ring
affects the radical trapping activity due to the stabilisation of the molecule. Glycolysis of compounds is also
known to affect antioxidant activity as it interferes with the structure, methylation, and electron displacement
of the molecule. It has also been observed that methylation of compounds reduces antioxidant ability (Ferraira
et al., 2017; Kumar and Goel, 2019; VVuolo et al., 2019).

Studies have shown that phenolic antioxidants have significant free radical scavenging activity due to their
capacity to donate hydrogen atoms or electrons and their ability to bind transition metallic ions (Piechowiak
and Balawejder, 2019). The mechanisms of antioxidant effect can be explained by hydrogen atom transfer,
single electron transfer, sequential proton loss electron transfer and transition metal chelation. During hydrogen
atom transfer, phenolic antioxidant containing H atom reacts with free radicals. While the free radical is
stabilised to form a neutral group, the phenolic antioxidant is converted into an antioxidant free radical. The
phenolic antioxidant donates one H atom to the free radical substrate, forming a non-radical substrate group
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and the antioxidant free radical. The H atom donated by the antioxidant can be explained by its reduction
potential (Zeb, 2020).

The mechanism of single electron transfer depends on the proton dissociation energy and ionisation potential
of the reactive functional group. During single electron transfer, firstly, electron loss occurs from one molecule
of the phenolic antioxidant and a cation radical is formed, while in the second step, proton loss from the
phenolic antioxidant occurs. Thus, a non-radical group is formed (Antonijevi¢ et al., 2021; Platzer et al., 2021).
Sequential proton loss electron transfer takes place in two stages. In the first stage, an anion group is formed
as a result of the phenolic antioxidant giving a proton to a free radical. In the second stage, a hon-radical group
and a free radical are occured as a result of electron transfer (Najafi et al., 2011). During transition metal
chelation, it has been determined that transition metals are chelated by polyphenols to form stable products.
Transition metals such as copper (Cu), magnesium (Mg), cobalt (Co) can catalyse such reactions. Metal
chelation can reduce the formation of reactive hydroxyl-free radicals by directly inhibiting Fe+3 reduction
(Zeb, 2020).

Ferulic acid has been proven to provide antioxidant activity by hydrogen-atom transfer reaction (Berton et
al., 2020). It is known that phenolic compounds obtained from scallops have antioxidant effects through the
mechanisms of chelating metal ions and inhibiting lipoxygenase (Xie et al., 2019). The thermodynamics of the
three mechanisms of the primary antioxidant effect of 14 phenolic acids were investigated. Hydrogen atom
transfer, single electron transfer-proton transfer and sequential proton loss electron transfer mechanisms were
calculated for non-polar media (benzene) and aqueous solution model. The lowest O-H bond dissociation
enthalpies and bond dissociation energies for hydrogen atom transfer representing the relevant reaction
pathway in both media were found for sinapic acid (Biela et al., 2022).

Mechanism of Antifungal Effect

Phenolic compounds show antifungal effect by disrupting ergosterin biosynthesis and membrane integrity of
fungi. Gallic acid has been reported to show antifungal effect by inhibiting enzymes involved in ergosterol
synthesis and binding to membrane ergosterol (Carvalhovd., 2018). Gallic acid also reduces ergosterol content
in the filamentous fungus Tricophytum rubrum by inhibiting sterol 14a-demethylase and squalene epoxidase
enzymes (Li etal., 2017). Tannic acid shows antifungal effect against Penicillium digitatum by disrupting the
integrity of the cell wall and permeability of the membrane (Zhu et al., 2019). Against Trichophyton rubrum,
guercetin causes the expression of the gene encoding an S-adenosylmethionine-dependent sterol C-24
methyltransferase in the fatty acid synthase and ergosterol biosynthetic pathway to decrease. Thus, quercetin
shows antifungal effect by interfering with ergosterol synthesis and causing cell membrane disruption
(Bitencourt et al., 2013). Salicylic acid shows antifungal effect against Penicillium expansum by damaging the
conidial plasma membrane and causing soluble protein leakage (da Rocha Neto et al., 2015).

Tea polyphenols were found to exert antifungal effects by causing disruption of the synthesis of the cell wall,
damage to the plasma membrane and fragmentation of hyphae and spore and induction of defence enzyme
activities, and directly inhibiting hyphae growth and spore germination of Rhizopus stolonifer (Yang and Jiang,
2015). Flavonoids obtained from unripe bitter orange and grapefruit were observed to cause changes in the cell
wall of Aspergillus parasiticus, retraction of cytoplasm and disruption of nuclear membranes by vesicle
formation. It was determined that the flavanoids obtained showed antifungal effect against Aspergillus
parasiticus due to severe degradation and/or loss of membranes, organelles and other cytoplasmic contents
(Pok et al., 2020).

Resveratrol can induce fungal apoptosis involving mitochondrial pathways. Resveratrol, which causes
metacaspase activation caused by mitochondrial dysfunction and an increase in cytochrome c release, shows
antifungal effect against Candida albicans (Lee and Lee, 2015).

Mechanism of Antibiofilm Effect

Phytochemicals are known to have antibiofilm effect. Phytochemicals such as phenols, polyphenols,
flavanones, flavonoids, flavonols are known to have quorum sensing (QS) inhibitory activities, which is a key
event in the formation and development of bacterial biofilm. QS regulates the production of key virulence
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factors in pathogens (Nadaf et al., 2018). QS is a communication system between bacterial cells through the
activation of specific signals to facilitate the adaptation of bacteria to adverse environmental conditions,
including bacterial population densities. This process involves synthesising, sensing and responding to
extracellular chemical signalling molecules called autoinducers (Als). Gram-negative bacteria communicate
using Als, most commonly acyl-homoserine lactones (AHLS) or other small molecules. Phytochemicals are
also involved in the inhibition of binding and deactivation of genes involved in biofilm formation (Nadaf et
al., 2018).

Gallic acid and ferulic acid were understood to have antibiofilm effect against biofilms formed by Escherichia
coli, Pseudomonas aeruginosa, Staphylococcus aureus and Listeria monocytogenes. It has been observed that
these phenolic compounds have a higher inhibitory effect on biofilms formed by Gram-negative bacteria
(Borges et al., 2012). Epigallocatatin gallate, a polyphenol in green tea, was found to be able to almost
completely eliminate the biofilm matrix by directly interfering with the aggregation of curli subunits of the
biofilm layer formed by Escherichia coli into amyloid fibres and reducing CsgD expression caused by CsgD
mRNA targeting by triggering the ¢ E cell envelope stress response (Serra et al., 2016). Epigallocatatin gallate
(EGCG) shows antibiofilm effect by reducing the adhesion of Fusobacterium nucleatum to oral epithelial cells
and matrix proteins (Lagh et al., 2017).

Ellagic acid (Bakkiyaraj et al., 2013), ginkgolic acid (Lee et al., 2014), rosmarinic acid (Slobodnikova et al.,
2013), gallic acid, caffeic acid and chlorogenic acid (Luis et al., 2014) were understood to have antibiofilm
activity against the biofilm formed by Staphylococcus aureus. Gallic acid affected the adhesion property of
Staphylococcus aureus, while gallic acid and caffeic acid prevented the production of a-haemolysin of the
microorganism. It has been observed that caffeic acid interferes with the stability of the cell membrane of
Staphylococcus aureus and the metabolic activity of its cells (Luis et al., 2014). It was reported that tannic acid
from black tea inhibited biofilm formation of Staphylococcus aureus without inhibiting bacterial growth
through a transglycosylase IsaA-dependent mechanism (Payne et al., 2013). The inhibition of apigenin-7-O-
glucoside on biofilm against biofilms formed by Staphylococcus aureus and Escherichia coli is carried out by
inhibiting QS, exopolysaccharides and cell surface hydrophobicity (Pei et al., 2023).

Curcumin, a polyphonic compound obtained from turmeric, has been reported to have QS inhibitory activities
against Pseudomonas aeruginosa and thus exhibits antibiofilm effect (Prateeksha et al., 2019). It was observed
that cinnamic acid effectively inhibited both the production of QS-dependent virulence factors and biofilm
formation against Pseudomonas aeruginosa PAO1. When the mechanism of antibiofilm action of cinnamic
acid was examined, it was understood that it caused a decrease in biofilm development by interfering with the
initial attachment of planktonic cells to the substrate (Rajkumari et al., 2018). Salicylic acid and trans-
cinnamaldehyde were reported to significantly inhibit biofilm formation at sub-inhibitory levels without any
bactericidal effect on the expression of QS regulatory and virulence genes in Pseudomonas aeruginosa PAO1
(Ahmed et al., 2019).

Protocatechuic aldehyde reduces the metabolic viability and polysaccharide production of Vibrio
parahaemolyticus. It also inhibits cell surface flagella-mediated swimming and aggregation phenotypes.
Protocatechuic aldehyde was found to have antibiofilm effect by regulating the expression of genes involved
in biofilm formation of Vibrio parahaemolyticus (Liu and Wang, 2022).

Mechanism of Anti-oxidative Stress Effect

Oxidative stress refers to the imbalance that can damage biological systems between oxidant production and
antioxidant defence (Sies et al., 2017). In other words, oxidative stress can be defined as an increase in the
production of reactive oxygen species (ROS) and other oxidants that exceeds antioxidant capacity (Nakai and
Tsuruta, 2021). ROS, such as free radicals, superoxide radicals, hydrogen peroxide and oxygen, refer to a range
of oxygen-containing molecules and radicals produced through oxidative metabolism within mitochondria or
in response to external stimuli such as xenobiotics and bacterial invasion (Taylor et al., 2022).

Polyphenols can protect against oxidative damage through various mechanisms and reduce the catalytic
activity of enzymes involved in ROS formation. It has been reported that ROS formation increases free metal
ions through the reduction of hydrogen peroxidase by the generation of highly reactive hydroxyl radical. Due
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to the low redox potentials of polyphenols and their capacity to chelate metal ions and free radicals, they can
thermodynamically reduce highly oxidising free radicals (Hussain et al., 2016). It was determined that
chlorogenic acid, cryptochlorogenic acid, (+)-catechin, (-)-epicatechin, procyanidin C1, procyanidin A2, rutin,
quercetin, quercitrin and ferulic acid in blueberry extract have the ability to chelate Fe 2+ ion (Raudone et al.,
2019).

The interaction of polyphenols with nitric oxide (NO) synthase activity may regulate NO production. Xanthine
oxidase (KO) is recognised as the main source of free radicals. Some flavonoids such as apigenin, kaempferol,
guercetin, silibin and luteolin may act as KO inhibitors involved in oxidative damage in tissues following such
ischaemic reperfusion conditions. Flavonoids can also reduce peroxidase activity and inhibit the release of free
radicals by neutrophils and the activation of these cells by a 1-antitrypsin (Sandoval-Acufia et al., 2014;
Hussain et al., 2016).

The cellular enzymatic redox system (consisting of catalase (CAT), superoxide dismutase (SOD), glutathione
peroxidase (GPx), glutathione reductase (GR) and peroxiredoxins (PRX)) is a cellular defense mechanism that
maintains the oxidative balance. This mechanism has been shown to be inadequate in cellular
environments containing excessive reactive oxygen species (ROS). It has been reported that
consumption or supplementation of dietary polyphenols can restore redox homeostasis and prevent
systemic or localized inflammation by increasing the activities of antioxidant enzymes SOD, CAT,
GPx, and GR.The expressions of these enzymes are modulated by nuclear factor erythroid (Nrf2).
Nrf2 is activated and transported by reactive oxygen species; and regulates the antioxidant sensitive
element-mediated transcription of genes encoding antioxidant enzymes. Dietary polyphenols can
induce Nrf2 or trigger its translocation (via ligand interaction with the cytosolic aryl hydrocarbon
receptor (AhR) (Zhang and Tsao, 2016). In a study examining the ability of quercetin, isoquercitrin
(quercetin-3- O -glucoside), rutin (quercetin-3- O -rutinoside) and taxifolin (dihydroquercetin) to
activate AhR and induce CYP1A1 expression in human hepatoma HepG2 cells, it was observed that
quercetin significantly activated AhR and triggered CYP1AL transcription after 24 hours of exposure
(Vrba et al., 2021). In a study examining the ability of quercetin, isoguercitrin (quercetin-3- O -
glucoside), rutin and taxifolin (dihydroquercetin) to activate AhR and induce CYP1AL expression in
human hepatoma HepG2 cells, it was observed that quercetin significantly activated AhR and
triggered CYP1AL transcription after 24 hours of exposure (Vrba et al., 2021). In another study,
tangeretin 7, 12 - dimethylbenz [a] anthracene (DMBA), one of the citrus flavonoids, was found to
reduce oxidative stress caused by DMBA in the liver through Nrf2 / Keapl and AhR signaling
pathways (Arivazhagan and Subramanian, 2015).

Mechanism of Anti-inflammatory Effect

Phenolic compounds could modulate gene expression through regulation of epigenetic mechanisms, including
DNA methylation, histone modification or miRNA expression. In general, many phenolic compounds can
activate histone deacetylases to stabilise the acetylation of histones. In addition, phenolic compounds can
inhibit DNA methyltransferases, activate sirtuin genes and activate or inhibit histone acetyltransferases. Some
phenolic compounds have been associated with the regulation of miRNA expression, it was determined inhibit
the secretion and production of proinflammatory cytokines and reduce the production of reactive oxygen
species (ROS) and nitric oxide (NO) (Ciz et al., 2020).

Phenolic compounds tend to act in a complementary manner with non-steroidal anti-inflammatory drugs, but
some phenolic compounds can also inhibit the activity of pro-inflammatory mediators or gene expression such
as cyclooxygenase (COX). They could up- or down-regulate transcriptional elements involved in antioxidant
pathways such as nuclear factor-kB (NF-kB) or nuclear factor-erythroid factor 2 (Nrf-2). Phenolic compounds
are thought to suppress the binding of proinflammatory mediators, regulate eicosanoid synthesis, inhibit
induced resistant units, or exert anti-inflammatory effects by inhibiting NO synthase and COX-2 activity
through inhibitory effects on NF-kB (Rahman et al., 2022).

Chlorogenic acid, caffeic acid, gentisic acid and rutin have been found to exert anti-inflammatory effects by
inhibiting NO production and expression of proinflammatory mediators including COX-2, tumour necrosis
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factor-alpha (TNF-a) and interleukin 6 (IL-6) (Choi et al., 2017). Flavonoids can reduce neuroinflammation
by acting through the regulation of microglial cells. The modulatory effects induced by these compounds are
mediated by their effects on important signalling pathways, including mitogen-activated protein kinases
(MAPK) and NF-«B (Spagnuolo et al., 2018).

Procyanidins extracted from grape have been found to inhibit inflammatory mediators, resulting in a decrease
in NO, prostaglandin E2 and ROS concentrations (Rahman et al., 2022). p -coumaric acid has been found to
have a strong anti-inflammatory function by promoting a decrease in the expression of the inflammatory
mediator TNF-o and circulating immune complexes (Pragasam et al., 2013).

Procyanidin B2, found in foods such as cocoa, apples, grapes or grape and cider, is a phenolic compound
consisting of two flavan-3-ol (-)-epicatechin molecules. Procyanidin B2 has been associated with different
anti-inflammatory effects, including modulation of various mediators of inflammation such as eicosanoids,
cytokines, and NO production, as well as activation of NF-xB and mitogenesis (Martinez-Micaelo et al., 2015).
Prothiandin A2 inhibits the production of cytokines and inflammatory mediators affecting related pathways
such as Nrf2 signalling pathway, NF-kB and MAPK pathway (Wang et al., 2020).

It was determined that phenolic compounds in the structure of extra virgin olive oil obtained from Moraiolo
olives showed anti-inflammatory effect by causing a decrease in COX-2 isoenzyme and ionised calcium
binding adaptor molecule 1 (Iba-1) level. As a result of this study, it is thought that phenolic compounds may
be a promising candidate for the prevention of various neuroinflammatory diseases by showing anti-
inflammatory activity on brain cells (Taticchi et al., 2019).

It was determined that resveratrol and kaempferolin in the structure of lingonberry (Vaccinium vitis-idaea L.)
inhibited proinflammatory M1-type activation by decreasing the expression of IL-6, NO and monocyte
chemoattractant protein-1 (MCP-1) in mouse macrophages and TNF-o and IL-6 in human macrophages (Ryyti
et al., 2022). Resveratol has been reported to suppress COX-2 expression and show anti-inflammatory effect
when activating peroxisome proliferator-activated receptors gamma (Ppary) and NF-xB (Dull et al., 2019).

Chlorogenic acid, rosmarinic acid and rutin found in the structure of the extract obtained from the curry leaf
plant (Elsholtzia ciliata (Thunb.) Hyl.) were found to have anti-inflammatory effects by significantly reducing
the secretion level of proinflammatory cytokines TNF-o, IL-6 and prostaglandin E2 induced by
lipopolysaccharide treatment in mouse peritoneal macrophage cell culture (Pudziuvelyte et al., 2020).

Mechanism of Anti-obesity Effect

Phenolic compounds exert anti-obesity effects through modulation of proteins, transcriptional factors and
genes involved in the digestion, energy expenditure, and metabolism of carbohydrates, increasing lipolysis,
decreasing lipogenesis, stimulating B-oxidation of fatty acids, and increasing lipolysis (Oliveira et al., 2022).
The phenolic extract from the fruit of Bignay (Antidesma bunius L.) has been found to exhibit a potential anti-
obesity effect contributed by inhibitory effects of lipase enzyme and adipogenesis in adipocytes (Krongyut and
Sutthanut, 2019).

Catechins have anti-obesity effect by means of fat oxidation, downregulation of the expression of enzymes
involved in fat synthesis, upregulation of the mRNA level of fat B-oxidation genes, stimulation of sympathetic
nervous system activity and increased expression of adipose tissue mismatched proteins. Many of these effects
are carried out through induction of genes or inhibition of transcription factors. Catechins are also able to
inhibit fat absorption through suppression of pancreatic lipase and increase the production of small absorbable
metabolites that can show anti-obesity effects after absorption in the colon by correcting colonic microbiota
(Akhlaghi and Kohanmoo, 2018).

The phenolic extract containing protocathequic, caffeic and ellagic acids is combined with adenosine
monophosphate with the downregulation of the expression of adipogenic/lipogenic genes such as PPARYy,
amplifier ligands/booster binding protein-a (C/EBPa), sterol regulatory element binding protein-1 (SREBP-1),
acetyl CoA carboxylase-1 (ACCL), fatty acid synthase and lipoprotein lipase-1 the receptor gamma coactivator
1-alpha activated by increasing the phosphorylation of activated protein kinase (AMPK) and by peroxisome
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proliferator, lipolytic genes such as sirtuin-1 (SIRT-1) and carnitine palmitoyltransferase 1-alpha and
adipokine adiponectin have been reported to have an anti-obesity effect by upregulation of expression (Lin et
al., 2019).

Quinic acid, caffeic acid, chlorogenic acid and 3,4-dicaffeoylquinic acid caused a decrease in serum
triglyceride and low-density lipoprotein cholesterol (LDL-cholesterol) levels in obese mice fed a high-fat diet.
Studies show that the anti-obesity mechanisms of action of the phenolic extract are down-regulation of
C/EBPa, PPARy and SREBP-1c to suppress adipogenesis, activating the activated protein kinase pathway,
increasing ACC phosphorylation and downstream carnitine palmitoyltransferase | expression (Zheng et al.,
2021).

Mechanism of Anti-diabetes Effect

Phenolic compounds have anti-diabetic effects by improving pancreatic B-cell function and improving insulin
resistance, modulating various molecular targets and cell signaling pathways in hepatocytes, adipocytes and
skeletal muscle cells, increasing insulin secretion (Edirisinghe and Burton-Freeman, 2016; de Paulo Farias et
al., 2021). In addition, phenolic compounds also provide anti-diabetic effects through mechanisms such as
AMPK pathway activation, inhibition of a glucosidase/a amylase, improvement of glucose uptake and insulin
sensitivity, and PPAR activation (Deka et al., 2022).

Aldose reductase (AR), a-amylase and a-glycosidase are vital enzymes to prevent diabetic complications.
Genistein has been found to have an inhibitory effect against AR and a-glycosidase (Demir et al., 2019).
Quercetin, luteolin, luteolin -7 - O -glucoside, kaempferol and apigenin have a lowering effect on the insulin
resistance of HepG2 cells by activating ampk (Huang et al., 2015). Curcumin prevents cell death by improving
pancreatic 3 cell functions and thus reduces insulin resistance (Pivari et al., 2019). The anti-diabetic effect of
guercetin is materialized by reducing lipid peroxidation, glucose absorption by glucose transporters-2,
inhibition of insulin-dependent activation of phosphoinositide 3-kinases, stimulation of glucose uptake in
muscle cells and activation of AMPK (Al-Ishaq et al., 2019). Rutin exerts anti-diabetic effects by improving
glucose uptake by tissues, activating insulin secretion from pancreatic B cells, reducing carbohydrate
absorption from the small intestine, suppressing tissue gluconeogenesis, and protecting islets of Langerhans
(Ghorbani, 2017). In damaged pancreatic cells, Luteolin improves insulin secretion in uric acid by decreasing
micro-autologous fat transcription, a trans activator of the insulin gene via the NF-«B signalling pathway, in
pancreatic 3 cells (Ding et al., 2014).

Mechanism of Anti-ageing Effect

The biological process in which cellular organelles such as proteins, DNA and mitochondria are damaged is
called aging. As a result of biochemical reactions that develop during the aging process, cell proliferation
decreases, and cellular wear and tear occurs. Phenolic compounds included in diets show anti-aging effect by
taking part in the prevention of cellular destruction caused by the aging process (Pyo et al., 2020).

Equol is a type of isoflavone found in soya beans and many mechanisms of action have been declared in studies
to elucidate its anti-aging effect. Equol can show anti-aging effect by reducing ROS production through
oxidative stress and stimulation of Nrf2. It is known that excessive ROS production damages DNA. Equol,
which causes a decrease in ROS production, is also involved in the protection of DNA and the repair of nerve
and tissue cells. Equol is known to inhibit activator protein-1, neoplastic cell growth, metalloproteinases,
elastase and proinflammatory transcription factor (NFkappaB). Equol, which stimulates matrix
metalloprotease-1, collagen, elastin and antioxidant/detoxifying enzymes, shows anti-aging effect on human
skin (Lephart et al., 2016; Gong et al., 2023).

It is known that ellagic acid has a high anti-inflammatory and antioxidant effect capacity and shows anti-aging
effect. Studies show that ellagic acid can reduce neuronal defects, increase neuronal vitality, and can be used
in the treatment of neurodegenerative diseases such as Parkinson's disease, Alzheimer's disease, and cerebral
ischemia (Zhu et al., 2022). It has been understood that quercetin, myricetin, ellagic acid, gallic acid and
chlorogenic acid improve the aging process, scavenging free radicals, increasing the amount of antioxidant
enzymes catalase and superoxide dismutase, and decreasing the level of malondialdehyde (Wu et al., 2022).
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Phenolic-containing extract obtained from two different tragacanth herbs show anti-aging effects by activating
the PI3K/Akt signalling pathway, which is an important intracellular signalling pathway in the regulation of
oxidative stress balance and cell cycle (Gong et al., 2021).

Mechanism of Cardiovascular Effect

Phenolic compounds are effective in the treatment of cardiovascular diseases. Dietary phenolic compounds
have beneficial effects on the cardiovascular system by decreasing platelet activity, suppressing the oxidation
of LDL-cholestorol, lowering blood pressure, improving endothelial dysfunction, adjusting the ratio of
atherosclerotic plaque and HDL / LDL in the cardiovascular system, reducing inflammatory stress and
promoting increased antioxidant effect (Lutz et al., 2019; Behl et al., 2020; Zhao and Yu, 2021). Polyphenols
in blueberries and strawberries are involved in the improvement of various cardiovascular risks such as
endothelial function, blood pressure, blood lipids and arterial stiffness after acute and short-term consumption
(Rodriguez-Mateos et al., 2014).

Atherosclerosis is one of the main factors behind cardiovascular diseases. Phenolic compounds could inhibit
important risk factors that contribute to the initiation and development of atherosclerosis, reduce oxidative and
inflammatory stress. Hydroxycinnamic acid, flavanols, anthocyanidins and guaiacols exert lipid regulatory
action by promoting cholesterol excretion via the small intestine or gallbladder, inhibiting lipid absorption in
the small intestine and novo lipid synthesis in the liver. Activation of transcription regulators such as SIRT-1,
PPAR and liver X receptor is responsible for lipid regulation (Toma et al., 2020). Caffeic acid, caffeic acid
phenethyl ester and synthetic caffeic acid phenethyl amide exhibit vasorelaxant activity by acting on
endothelial and vascular smooth muscle cells. Caffeic acid and caffeic acid phenethyl ester, in addition to
having a vascular relaxant effect, promote a decrease in heart rate and show blood pressure lowering activity
because they can suppress the renin-angiotensin-aldosterone axis (Silva and Lopes, 2020).

CONCLUSION

Phenolic compounds commonly found in plants are very important bioactive substances in terms of the quality
of foods and human health. As a result of the rewieved studies, it has been found that phenolic compounds
have an antimicrobial effect. When examined from the point of view of food technology, the degradation factor
and the antimicrobial effect they both against pathogenic bacteria make phenolic compounds very valuable. In
addition, it has been observed that these compounds also have the property of inhibiting biofilm formation,
which leads to serious problems for the food industry and human health. Biofilms are polymeric layers
produced by bacteria that protect bacteria against adverse environmental conditions, factors such as exposure
to UV light. It has been found that the effect of anti-biofilm mechanism of phenolic compounds occurs
according to inhibiting the quorum sensing process of bacteria, deactivating the genes responsible for biofilm
formation and blocking binding, reducing CsgD expression, affecting the adhesion properties of bacteria, and
inhibiting cell surface hydrophobicity. Phenolic compounds have been found to have antifungal activity against
fungi by disrupting the biosynthesis of ergosterol and membrane integrity of fungi, damaging the plasma
membrane, infiltrating soluble proteins and gene expression. The fact that phenolic compounds have
antimicrobial, antifungal and antibiofilm properties allows the availability of these compounds as natural food
additives. The use of these compounds as food additives is expected to replace artificial food additives in
improving the quality of food, extending the shelf life of food, and ensuring food safety.

The effect of phenolic antioxidants are related to their structure and are based on the scavenging of free
radicals, inhibiting of lipid peroxidation and activating of the endogenous antioxidant system. Antioxidants
protect human health against various diseases by removing free radicals from the body and contribute to the
development of immunity. Polyphenols have been found to have anti-oxidative stress properties against
oxidative stress, which occurs because of the imbalance between reactive oxygen species and antioxidant
defense and damages human health. In addition, as a result of the rewieved studies, it has been determined that
phenolic compounds have a preventive effect against obesity, which has increased in recent years due to
unbalanced nutrition, hormone disorder, lack of physical activity, etc.

It has been observed that some phenolic compounds exhibit anti-inflammatory effects against inflammation,
which is popularly known as inflammation but includes abscesses as well as inflammation. This effect is
thought to be anti-inflammatory by suppressing the binding of proinflammatory mediators by phenolics,
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regulating eicosanoid synthesis, inhibiting NO synthase and COX-2 activity by inhibiting stimulated units or
inhibitory effects on NF-kB.

Phenolic compounds have anti-diabetic effects by improving pancreatic B-cell function, increasing insulin
secretion, and improving insulin resistance. They can show anti-aging effects by reducing the production of
reactive oxygen species and oxidative stress, scavenging free radicals, increasing the amount of catalase and
superoxide dismutase enzymes, and reducing malondialdehyde levels. In addition, dietary phenolic
compounds have been found to have beneficial effects on the cardiovascular system by reducing platelet
activity, suppressing the oxidation of LDL-cholesterol, lowering blood pressure, improving endothelial
dysfunction, reducing inflammatory stress, and increasing antioxidant effect.

Studies on the bioactivity of phenolic compounds generally show that they have positive properties in the
protection of food quality and human health. In recent years, it hass predicted that phenolic compounds as
natural additives will replace artificial additives because of their use in foods has been discussed. However,
the most important issue in the use of phenolics both as additives in foods and in dietary consumption is the
determination of acceptable daily intake amounts. It is seen that the bioactive properties of phenolic
compounds depend on their chemical structure. For this reason, the mechanisms of bioactive effect of the
phenolic compounds identified need to be fully understood.
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OZET BILGISI
Bu derleme, dinya genelinde tanman yerli kedi wklarimizdan Ankara ve Van kedilerinin siklikla
karistirilmasint 6nlemek amaciyla, genetik yapilari, fizyolojik 6zellikleri ve davramigsal farkliliklarini Gelis:
incelemekte ve bu irklarm dogru bir sekilde tanitilmasina katki saglamay1 amaglamaktadir. Ankara ve 02.01.2025
Van kedileri, Tiirkiye’ye 6zgii iki 6nemli kedi irkidir ve her biri kendine 6zgii fizyolojik ve davranigsal Kabul:
Ozelliklere sahiptir. Ankara ve Van kedileri, genellikle beyaz tily rengi ve benzer g6z renkleri 14.03.2025

nedeniyle sik¢a karistirilmaktadir. Ancak, bu iki kedi ki arasinda bazi belirgin morfolojik farklar
bulunmaktadir. Van kedisinin yliz yapis1 yuvarlak iken, Ankara kedisinin yiizii daha sivri bir sekle
sahiptir. Ankara kedisinin gozleri yuvarlak iken, Van kedisinin gozleri badem seklindedir. Her iki ik
da genellikle beyaz tiiy rengine sahip olmakla birlikte, Van kedisinin bas ve kuyrugunda sarimsi
lekeler gozlemlenebilmektedir. Van kedisinin tiiy uzunlugu, genellikle Ankara kedisinin tiiylerinden
daha kisa olup, bu da her iki wkin ayirt edilmesine yardimci olan 6nemli bir bagka farktir. Bu
morfolojik farkliliklar, her iki wrkin birbirinden ayirt edilmesine olanak tanimaktadir. Ayrica Ankara
kedisi, sagirlikla iligskilendirilen W genini tastyan nadir kedi irklar1 arasinda yer alirken, Van kedisi ise,
suyu sevime Ozellikleriyle tinliidiir ve bu davraniglar1 onlar1 diger kedi irklarindan ayirmaktadir.

Anahtar kelimeler: Ankara kedisi, Van kedisi, Yerli kedi iwrkiar, Karakteristik ozellikler

Breed Characteristics of Ankara and VVan Cats, Local Breeds of Turkiye

ABSTRACT

ARTICLE
INFO

This review aims to examine the genetic structure, physiological characteristics and behavioral
differences of Ankara and Van cats, which are two of our globally recognized domestic cat breeds, in
order to prevent frequent confusion and to contribute to the correct introduction of these breeds.
Ankara and Van cats are two significant indigenous cat breeds from Turkiye, each distinguished by
their unique physiological and behavioral traits. Although both breeds share a common white fur
color and similar eye shades, they can be differentiated by several morphological characteristics. The
Van cat has a round face, while the Ankara cat has a more pointed face. The Ankara cat's eyes are
round, in contrast to the almond-shaped eyes of the Van cat. While both breeds are primarily white,
the Van cat often exhibits yellowish spots on its head and tail. Additionally, the fur of the Van cat is
generally shorter than that of the Ankara cat, which is another distinguishing feature. The Ankara cat
carries the W gene, linked to deafness, whereas the Van cat is particularly known for its affinity for
water, setting it apart from other breeds. These differences contribute to the clear distinction between
the two Turkish cat breeds.

Keywords: Ankara cat, Van cat, Native cat breeds, Morphological characteristics
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GIRIS

Kediler, diinya genelinde yetistirilen en popiiler evcil hayvanlardan biri olup, zoolojik sistemde Felidae
ailesi, Felis cinsi, Felis silvestris tirl ve F. silvestris catus alt tiiriinde yer almaktadir (Driscoll ve ark.,
2007). Kedilerin evcillestirilmesiyle ilgili kesin tarihi bilgiler mevcut olmamakla birlikte, ¢esitli arkeolojik
ve genetik calismalarin sonuglar1 dogrultusunda bazi 6ngoriilerde bulunulmustur. Kedi ve insan arasindaki
iligkiye dair en erken arkeolojik bulgularin yaklasik 9500 yi1l 6ncesine ait oldugu ve Kibris'ta bulundugu
bildirilmektedir (Serpell, 2000; Vigne ve ark., 2004; Driscoll ve ark., 2007). Evcillestirme siirecine iligkin
baska bir ¢alismada da, evcillestirme tarihlerinin, bulunan en erken arkeolojik bulgularla uyumlu oldugu
kabul edilmektedir. Bu bulgular, kedilerin evcillestirilmesinin, yerlesik tarim toplumlarinin ortaya ¢ikisiyla
paralel bir gelisim gosterdigini desteklemektedir (Hart ve ark., 2013).

Esas olarak et¢il bir diyetle beslenen kediler, giiclii avcilik yetenekleri, keskin duyulart ve esnek viicut
yapilariyla taninmaktadir (Serpell, 2000). Kediler, farkli cografyalardaki degisken iklim kosullarina uyum
saglama yetenekleri sayesinde genis bir dagilim alanina sahiptir (Lipinski ve ark., 2008). Bugiin farkli
fiziksel Ozellikleri, tly yapilari ve davramig Ozellikleri ile karakterize edilen birgok kedi genotipi
bulunmaktadir (Serpell, 2000; Driscoll ve ark., 2007; Kurushima ve ark., 2013; Salonen ve ark., 2019).
Diinya genelinde kedilerin sayisina iliskin kesin bir istatistiki bilgi bulunmamakla birlikte, Amerika Birlesik
Devletleri en fazla kedi popiilasyonuna sahip iilke olarak kabul edilmekte olup hanelerin yaklasik iicte
birinde kedi bulundugu ve diinya genelinde 600 milyonun iizerinde kedinin insanlar ile birlikte yasadigi
bildirilmektedir (Menotti-Raymond ve ark., 2008; Driscoll ve ark., 2009; Montague ve ark., 2014).

Diinya genelinde kedi wrklarimin tanitimi, irksal 6zelliklerinin belirlenmesi ve irklar arasi standardizasyonun
saglanmas1 uluslararasi diizeyde faaliyet gosteren cesitli kuruluslar tarafindan gergeklestirilmektedir. Bu
kuruluslar arasinda Canadian Cat Association (CCA-AFC), The International Cat Association (TICA),
American Cat Fanciers Association (ACFA) ve Cat Fanciers Association (CFA) gibi 6nemli kuruluslar yer
almaktadir. Bu kuruluslar, kedi irklarinin fiziksel, genetik ve davranigsal 6zelliklerini tanimlayarak, her bir
itk i¢in belirli standartlar olusturmaktadir. Kedi irklarinin korunmasi, gelistirilmesi ve popiilasyonlarmin
stirdiiriilebilirliginin saglanmasinda bu kuruluslar 6nemli bir rol istlenmektedir. Ayrica bu kuruluslar
yalnizca 1rk kayitlarimi tutmakla kalmayip genetik gesitliligin korunmasi, irk standartlarinin belirlenmesi ve
uluslararas1 diizeyde tanitilmasi gibi alanlarda da 6nemli faaliyetler yiiritmektedirler (TICA, CCA-AFC,
CFA, 2024).

Bu kurumlardan, The International Cat Association (TICA) tarafindan toplamda 73 kedi 1rk1 tanimlanmig ve
bu irklarin karakteristik Ozellikleri belirlenmistir (TICA, 2024). 1960 yilinda kurulan Canadian Cat
Association (CCA-AFC)’da ise farkli cografyalarda tamimlanan gesitli irklara ait 190.000°den fazla kedi
kaydi1 bulunmaktadir (CCA-AFC, 2024). Diinya ¢apinda en eski kuruluslardan biri kabul edilen Cat Fanciers
Association (CFA) ise 45 kedi irkin1 resmi olarak tanimakta (CFA, 2024) iken, 1955 yilinda kurulan
American Cat Fanciers Association (ACFA) tarafindan ise 69 kedi irki resmi olarak kabul edilmektedir
(ACFA, 2024). Bu kurumlar kedi irklarinin yalnizca uluslararasi diizeyde tanitilmasina katki saglamakla
kalmamakta, ayni zamanda bu wklarin genetik mirasinin korunmasina da olanak tamimaktadir. Bu
uluslararast kuruluglarin kedi irklarini tanimlama ve siiflandirma ¢alismalarinda, Tiirkiye’ye 6zgii Ankara
Kedisi (Tiirk Angora) ve Van Kedisi (Tiirk Van) de yer almaktadir. Her iki irk da, TICA, CFA, ACFA ve
CCA-AFC gibi uluslararasi kedi kuruluslarinda resmi olarak yer almakta ve irk standartlari tanimlanmaktadir
(TICA, CCA-AFC, CFA, 2024).

ANKARA VE VAN KEDILERININ IRK OZELLIiKLERi VE TURKIYE’DE YETIiSTIiRiCIiLiGI

Ankara Kedisi

Ankara kedisi, Tirkiye'nin bagkenti Ankara'dan adin1 alan zeki, sevimli ve merakli evcil bir kedi irkidir. Bu
ik, genellikle orta uzunlukta ipeksi beyaz tiiyleriyle tanimir ancak siyah, mavi, kirmizi, duman ve tar¢in gibi
toplamda yirmiden fazla renk ¢esitliligi bulunmaktadir (Cak, 2017; Sfetcu, 2021). Ankara kedisinin g6z
renkleri, mavi tonlarindan gok mavisi ve safir, yesil tonlarindan Bektasi izim yesili ve zimriit, ayrica
kehribar tonlarinda olabilmektedir. Bir gozii mavi, diger gozii yesil, yesil-altin veya kehribar renginde olan
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heterokromi durumuna sahip kediler de goriilmektedir. Ankara kedisinin gézleri yuvarlak bir yapiya sahiptir
(Cak, 2017).

Ankara kedisinin viicudu, ipeksi, uzun ve parlak tiiylerle kaplidir; 6zellikle boyun ve kuyruk bolgesindeki
tilyler daha uzundur. Bas, tiggen seklinde olup viicuda oranla daha kiigiiktiir. Kulaklar orta biiyiikliikte, uglar
sivri ve tiiylii olup, kulaklar arasindaki mesafe genistir. Viicut, uzun ve gelismis bir kas yapisina sahiptir ve
arka bacaklar 6n bacaklara gore biraz daha uzundur. Kuyruk, uzun ve yogun tiiylerle kaplidir; genellikle sirta
paralel pozisyonda tutulmaktadir (Cak, 2017; Sfetcu, 2021). Erkek ve disi Ankara kedilerinin morfolojik
ozellikleri sirasiyla; cidago yiiksekligi 23 cm ve 22 cm, viicut uzunlugu 27 cm ve 24 cm, kuyruk uzunlugu 30
cm ve 29,5 cm, gogis cevresi 39 cm ve 34,6 cm, canli agirhik ise 3792 g ve 3559 g olarak belirlenmistir
(Gak, 2017; Erat, 2023). Ankara kedisinin ortalama gebelik stresi 62,33 glin (60-64 giin araliginda) olarak
belirlenmis olup, ortalama yavru sayisi 3,33 (3-4) olarak bildirilmektedir (Macun ve ark., 2011).

Beyaz tiiylii ve mavi gozlii kedilerde dogustan sagirligin yaygin oldugu ve genellikle sagirligin mavi goziin
bulundugu tarafta ortaya ciktig1 yaygin bilinmektedir. Kedilerde sagirlik genellikle genetik bir bozukluga
bagli olarak ortaya c¢ikmakta olup, bu durum Ankara, Van ve diger beyaz kedi irklarinda siklikla
gozlemlenmektedir. Sagirligin, beyaz tily olusumundan sorumlu White (W) geni ile iliskili oldugu
belirlenmistir. Beyaz renk, White (W) ve White spotting (S) olmak {izere iki baskin gen tarafindan kontrol
edilmektedir. W geni tasiyan kediler tamamen beyaz renkte olmakla birlikte, beyaz kedi popiilasyonlarinda
sagirlik prevalansinin yiiksek oldugu belirlenmistir (Strain, 2011; Alma¢ ve Kaya, 2023). Bu durumda,
Ankara kedileri W genini tagirken, Van kedilerinin bu geni tasimadigi (Sfetcu, 2021), ayrica Van kedilerinde
tek tarafli sagirlik oraninin, diger beyaz renkli kedi irklarina gore ¢ok daha diisiik oldugu bildirilmektedir
(Almag ve Kaya, 2023).

CFA 1973'te, Ankara kedisini giizelligi ve 1tk 0zellikleri nedeniyle sampiyon kedi olarak kabul etmis ve
1978 yilinda yalnizca saf beyaz renkli olan Ankara kedilerinin kaydi yapilmistir (Sfetcu, 2021; CFA, 2024).
Ankara Kedisi, diinya genelinde taninan ve uluslararasi kuruluslar tarafindan tescillenen yerli bir kedi irkidir.
Ankara kedilerini korumak ve nesillerinin devami i¢in 1900'lerin basinda Tiirkiye Cumhuriyeti ve Ankara
Hayvanat Bahgesi ile birlikte titiz bir yetistirme programi baglatilmig (Sfetcu, 2021), irkin korunmasi ve
tamtilmas1 amactyla, 2018 yilinda Ankara'min Pursaklar ilcesinde ‘Ankara Kedisi Uretme, Koruma, Yasatma
ve Tanmitma Merkezi’ kurulmustur. Merkez, iki kedi evi, ameliyathane, veteriner hekim odasi ve idari
personel ofisinin yani sira, 240 m?1lik bir kedi tanmitim evi, dogumhane, karantina ve miisahede odast gibi
kapsamli bir altyapiya sahiptir. Bu tesisin temel amaci, Ankara Kedisi'nin popiilasyonunu artirmak,
uluslararast yarigsmalar yoluyla wrkin diinya genelinde tanimirhigmmi ve popiilerligini siirdiirmek ve irkin
genetik devamliligini saglamaktir. Ayrica, merkezde yiriitiilen koruma ve iretim faaliyetleri, hem ulusal
hem de uluslararasi diizeyde irkin korunmasina katki saglamaktadir (purbelltd.com/kedievi, 2024).

Van Kedisi

Van kedisi, adin1 Tiirkiye’nin Dogu Anadolu Bolgesi'nde yer alan Van ilinden almakta ve bu bolgeye has
endemik bir tir olarak kabul edilmektedir (Zeder, 2008; Altunok ve ark., 2011; Erat, 2023). Van kedileri
genellikle beyaz tly rengi ile bilinmekle birlikte alacalik ve beneklilikten sorumlu Piebald genine sahip
kedilerde cesitli renk varyasyonlar1 da gézlemlenebilmektedir. Suya kars1 gosterdikleri ilgi ile dikkat ¢ceken
Van Kedileri sahip olduklar1 kagmir ya da tavsan kiirkiine benzer tiiy yapisi sayesinde 1slandiklarinda hizla
kuruyabilmektedirler. Bu 1rkin suya olan ilgisi, kediler arasinda nadir goriilen bir davranigtir ve Van
kedilerine 6zgii karakteristik bir 6zellik olarak tanimlanmaktadir. Bu nedenle “Yiizen Kediler” (Swimming
Cats) olarak da bilinmektedirler (Erat ve Arikan, 2012; Cak, 2017; Sfetcu, 2021).

Van kedilerinin karakteristik 6zelliklerinden olan g6z renkleri; her iki g6zl mavi, her iki g6zl kehribar veya
bir gbzii mavi bir gozi kehribar olmak tizere li¢ gruba ayrilmakta (Altunok ve ark., 2011; Cak, 2017), bir
gozii mavi, diger gozii kehribar renginde olan kedilerin yetistiriciligi daha yaygin yapilmaktadir (Erat ve
Arikan, 2012). Van kedisinin gozleri badem seklinde bir yapidadir. Van kedilerinin tily uzunlugu da uzun,
orta ve kisa olmak {izere li¢ gruba ayrilmaktadir (Cak, 2017). Tily rengi genellikle tekir veya beyaz olmakla
birlikte, bas, sirt, kulaklar, bacaklar ve kuyrugundaki renkler kirmizi, krem, siyah, mavi, kirmizi tekir, krem
tekir, kahverengi tekir, mavi tekir, kaplumbaga kabugu (Tortoiseshell), acik kaplumbaga (Dilute tortoise),
kahverengi yamali tekir, mavi yamali tekir ve Siyam ya da Himalayan gibi noktali (pointed) renk
varyasyonlarina sahip olabilmektedir (Cak, 2017; Sfetcu, 2021).
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Van kedilerinde bas, kisa ve belirgin yuvarlak hatlara sahiptir. Kulaklar, uzun ve dik olup yuzle uyumludur.
Govde, orta uzunlukta ve derin bir gégiis yapisina sahiptir. Kuyruk, kalinlig1 uca dogru incelen bir yapidadir
ve genellikle beyaz renkte olmakla birlikte kirmizi-sari lekeler de goriilebilir; ayrica kisa veya uzun tuyli
olabilir (Cak, 2017). Erkek ve disi Van kedilerinin baz1 morfolojik 6zellikleri sirasiyla soyle bildirilmektedir:
cidago yiiksekligi 31 cm ve 27 cm, viicut uzunlugu 38 cm ve 36 cm, kuyruk uzunlugu 27 cm ve 25,5 cm,
gogiis gevresi 30 cm ve 30,5 cm, canli agirliklart ise 3392 g ve 3132 g'dir (Cak, 2017). Van kedilerinde
ortalama gebelik siiresi 64 giin (61-66 giin araliginda) olarak belirlenmis, ortalama yavru sayisi ise 4,25 (4-5)
olarak bildirilmistir (Macun ve ark., 2011). Van kedisi, Ankara kedisine gore daha biiyiik bir viicut yapisina
sahiptir ve olgunlagma siiresi de daha uzundur (Cak, 2017). Van kedilerinin biiyiime ve gelisimlerinin 3 ila 5
y1l siirebildigi bildirilmektedir (Sfetcu, 2021).

Van kedileri ilk olarak 1982 yilinda Amerika Birlesik Devletleri’ne getirilmis ve 1994 yilinda Cat Fanciers
Association (CFA) tarafindan sampiyon kedi gosterileri i¢in kabul edilmistir (Sfetcu, 2021). Van Kedisi,
Tiirkiye'nin yerli ve endemik kedi irklarindan biri olup, 6zellikle beyaz tiiyleri, farkli renkteki gozleri ve
sosyal yapisiyla ulusal ve uluslararasi diizeyde taninmaktadir. Bu degerli irkin korunmasi ve
siirdiiriilebilirliginin saglanmas1 amaciyla, Van Yiiziincii Y1l Universitesi biinyesinde ‘Van Kedisi Evi’
kurulmustur. Bu merkez, Van Kedisi’nin popiilasyonunu artirmayi, irkin genetik biitiinliigiinii korumay1 ve
gelecek nesillere aktarilmasini saglamayi hedefleyen bilimsel ve koruyucu bir misyon iistlenmistir.
Merkezde, kedi sagligimi ve refahini saglamak amaciyla modern altyapi ve olanaklar sunulmaktadir.
Dogumbhane, miisahede ve karantina odalar1 gibi boliimler, irkin lireme siireglerini kontrol altinda tutmak ve
genetik cesitliligi korumak icin tasarlanmigtir. Ayrica, veteriner hekimlerin gézetiminde gergeklestirilen
diizenli saghik taramalari, genetik deformasyonlarin ve kalitsal hastaliklarin Onlenmesine katki
saglamaktadir. Van Kedisi Evi’nin bir diger énemli islevi ise, bu nadir irkin tanmitimina ve farkindaligin
artirtlmasina yonelik faaliyetler yiiriitmektir. Ulusal ve uluslararasi diizeyde diizenlenen tanitim programlari,
bilimsel etkinlikler ve yarigmalar araciligiyla, Van Kedisi'nin diinya genelinde bilinirligi artirilmaktadir. Bu
faaliyetler, sadece genetik mirasin korunmasina degil, ayn1 zamanda bdlgenin kiiltiirel ve turistik
degerlerinin tanitilmasina da katki saglamaktadir. Bdylece Van Yiiziincii Y1l Universitesi biinyesindeki Van
Kedisi Evi, yalnizca bir koruma merkezi degil, ayn1 zamanda bilimsel arastirmalarin ve toplum bilincinin
gelisimine hizmet eden cok yonlii bir kurum olarak islev gormektedir
(kulturportali.gov.tr/turkiye/van/gezilecekyer/van-kedisi-evi, 2024).

Ankara ve Van kedilerinin birbirlerine benzerlikleri nedeniyle akraba olduklar1 konusu tartismalara yol
agmustir. Van kedisinin Ankara kedisinin bir varyasyonu olabilecegini 6ne siiren goriislerin yanm sira, Ankara
kedisinin Van kedisinin bir varyasyonu olduguna dair goriisler de bulunmaktadir. Ancak bu konuda bilimsel
bir calisma bulunmamaktadir (Giire, 1993; Odabasioglu ve Ates, 2000; Arikan ve ark., 2003; Erat ve Arikan,
2012). Ankara ve Van kedileri Gizerine yapilan kan grubu ¢alismasi sonucunda, her iki irkta da B tipi kanin
yiiksek prevalansa sahip oldugu ve bu iki irkin kékeninin benzer olabilecegi bildirilmektedir (Arikan ve ark.,
2003). Ankara ve Van kedi rklarinin genetik iligkilerini inceleyen arastirma bulgulari, bu iki yerli irkin Rus
Mavisi (Russian Blue), British Shorthair/Scottish Fold ve Sphynx/Devon Rex gibi uluslararasi kedi irklariyla
genetik etkilesim igerisinde olabilecegini bildirmektedir (Menotti-Raymond ve ark., 2008; Cak, 2017).

Ankara ve Van kedileri, hem genetik hem de morfolojik 6zellikleri bakimindan 6zgiin ve 6nemli yerli irklar
olarak One ¢ikmaktadir. Her iki itk da genellikle beyaz tliylii ve benzer goz renklerine sahip olsa da,
morfolojik a¢idan belirgin farkliliklara sahiptirler. Ayrica Van kedisinin suya olan ilgisi ve Ankara kedisinin
sagirlikla iligkilendirilen W genini tasimasi, bu kedileri diger kedi irklarindan ayiran belirgin 6zelliklerdir.
Bu kedilerin tasidigi genetik 6zellikler ve davranigsal farkliliklar biyolojik ¢esitlilik agisindan 6nemlerini
artirmaktadir (Eroglu ve Altunok, 2007; Cak, 2017). Bu nedenle her iki irkin daha ayrintili biyolojik ve
genetik incelemelerinin yapilmasi yerli irklarin korunmasi, tanitilmasi ve genetik ¢esitliligin siirdiiriilmesi
acisindan biiyiik 6nem tagimaktadir.

SONUC

Tiirkiye'nin yerli kedi wrklar1 arasinda yer alan ve genetik 6zellikleriyle uluslararasi diizeyde taninan Ankara
ve Van kedileri, ayn1 zamanda kiiltiirel mirasin dnemli temsilcilerindendir. Bu iki kedi irki yalnizca estetik
ve kiiltiirel degerlerini siirdiirmekle kalmayip, ayni zamanda diinya genelinde kedi genetik ¢esitliliginin
korunmasi agisindan da biiylik 6nem tagimaktadir. Yerli kedi irklarinin genetik biitiinliigiiniin korunmasi
blyuk 6neme sahiptir. Ancak, bilingsiz melezlemeler ve sorumsuz sahiplenme gibi faktorler, bu irklarin

MJAVL Volume 15 (Issue 1) © 2025 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

165

Karadag | Manas Journal of Agriculture Veterinary and Life Sciences 15 (1) (2025) 161-166

genetik yapisinin bozulmasina yol agmaktadir. Ozellikle bilingsiz veya kisa siireli sahiplenme sonucunda
kedilerin sokaga terk edilmesi karsilagilan Onemli sorunlar arasindadir. Kedilerin sokaga birakilmasi,
yalnizca bu irklarin genetik cesitliligini bozmakla kalmaz, aynm1 zamanda toplumda istenmeyen kedi
popililasyonunun artmasina da yol agar. Bu durum, saglik problemleri, asir1 kedi popiilasyonu ve genetik
hastaliklarin yayilmasina zemin hazirlar.

Ankara ve Van kedileri basta olmak iizere diger kedi irklarindan birini sahiplenen bireylerin sorumlu bir
sekilde davranmasi ve kedilerinin uygun sekilde bakimin saglayarak korumalari biiyiik 6nem tasimaktadir.
Bu konuda farkindalik yaratmak ve bilingli sahiplenmeyi tesvik etmek, Ankara ve Van Kedileri gibi yerel
kedi irklariin korunmasi ve saglikli nesillerin yetismesi adina son derece 6nemli bir adimdir. Ankara ve Van
illerindeki ilgili kurumlara saglanacak devlet desteginin artirilmasi ve {iniversitelerin veteriner fakiiltelerinin
ilgili akademik birimlerince diizenlenecek egitim programlar1 yerel kedi irklarimin genetik cesitliligini
koruma siirecinde biiyiikk bir 6neme sahiptir. Devletin bu irklarin korunmasia yonelik politikalar
gelistirmesi, biyolojik ¢esitliligin siirdiiriilebilirligini saglarken, egitim ¢aligmalarinin yayginlastirilmas: da
toplumda hayvan refahi bilincini artiracaktir. Bu girigsimler, yerli irk kedilerin gelecek nesillere aktariimasini
saglamanin yam sira Tiirkiye’nin biyolojik ¢esitliliginin ve kiiltiirel zenginliginin korunmasina da 6nemli
katki saglayacaktir.

CIKAR CATISMASI
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- MAKALE
OZET BILGIiSi
Gogebe hayvancilik faaliyeti, insanlik tarihi boyunca avci-toplayict donemden bu yana gdcebe Gelis:

topluluklarin ge¢im ekonomisinin temelini olusturmaktadir. Gogebe topluluklarin sosyal yapisi, genis aile 14.03.2025
yapist ve kan bagiyla siki bir baga dayanir. Gé¢ebelerin hayvanlariyla ger¢eklestirdigi bu faaliyet farkli kaBuI'
cografi alanlarda degisen mevsimsel kosullara bagimli bir sekilde gerceklesmektedir. Gliniimiizde Afrika 15.05 20'25
ve Asya Kitalari bu faaliyetin yogun bir sekilde gergeklestigi yerler arasindadir. Yasanan bu go¢ hareketi o

ile gogebe topluluklar kaynaga dogru hareket ederek gecim ekonomilerinin temelini olusturan

hayvanlarmna uygun otlak alanlar1 degerlendirmektedir. Ekonomik anlamda otlak alanlardaki cayirlar

protein igerigi yiiksek hayvansal iiriinlere doniismekte ve deger kazanmaktadir. Insan, hayvan ve doga

ekseninde gerceklesen bu iiretken model fosil yakitlara bagimli olmadan tabiat ile i¢ ice gegmis

stirdiiriilebilir bir yapidadir. Bu faaliyetin gerceklestigi alanlarda mevcut olan gdgebe hayvan varligi ve

iiretilen hayvansal {iriinler Tiirkiye ekonomisine katki saglamaktadir. Bu baglamda gogebe hayvancilik

faaliyetinin fonksiyonlari arasinda damizlik hayvanlarin muhafazasi, kirsal alanlarda istihdam saglama,

kirsaldan kente gogili onleme, ekstansif {iretim yapisi ile gida giivencesini saglama gibi fonksiyonlari

vardir. Ancak, gogebe topluluklar giiniimiizde ¢esitli sorunlar ve belirsizlikler ile kars1 karsiya kalmakta

ve kendi imkanlari 6l¢iisiinde bu sorunlarina karsi ¢dziim stratejileri gelistirmektedir.

Anahtar kelimeler: ekonomi, gécebeler, hayvan gogii, kirsal niifus.

Socio-Economic Situation and Problems of Nomadic Animal Husbandry Activities in TUrkiye

ARTICLE
ABSTRACT INEO
Nomadic animal husbandry activity has been the basis of the livelihood economy of communities since Received:
the hunter-gatherer period throughout human history. The social structure of nomadic communities is 14.03.2025
based on a tight connection with extended family structure and blood ties. This activity carried out by Accepted:
nomads with their animals is dependent on changing seasonal conditions in different geographical areas. 15.05.2025

Today, the continents of Africa and Asia are among the places where this activity takes place
intensively. With this migration movement, nomadic communities move towards the source and utilise
the grazing areas suitable for their animals, which form the basis of their livelihood economy. In
economic terms, the meadows in grazing areas turn into animal products with high protein content and
gain value. This productive model, which takes place on the axis of human, animal and nature, has a
sustainable structure intertwined with nature without being dependent on fossil fuels. Nomadic
livestock and animal products produced in the areas where this activity takes place contribute to the
Turkiye economy. In this context, the functions of nomadic animal husbandry activity include the
preservation of breeding animals, providing employment in rural areas, preventing migration from rural
to urban areas, and ensuring food security with its extensive production structure. However, nomadic
communities today face various problems and uncertainties and develop solution strategies against these
problems within their possibilities.

Keywords: animal migration, economics, nomads, rural population.
Cite this article as: Belgemen, F., & M. B. Cevrimli. (2025). Tiirkiye’de gdgebe hayvancilik faaliyetlerinin sosyo-
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GIRIS

Gogebelik kavrami insanlik tarihi kadar eski olup, binlerce yildir yeryiiziinde insanlarin gerceklestirdigi goc
eylemi ekonomik, politik, sosyal ve kiltlirel nedenler basta olmak {izere birgok nedenden dolay1 gergekles-
mektedir. Insanlik, avei-toplayici dénemden giiniimiize kadar gdgebe olarak yasamis olup, bu yasam tarz1 be-
lirli bir bolgeye bagli kalmak yerine, degisen doga kosullarina ve kaynaklarin mevcudiyetine gore hareket
etmeyi gerektirmektedir.

Gogebe hayvanciligin, hayvanciliga bagimli oldugu ve bu bagimliligin mekansal hareketlilikle ayn1 anda var
olmas gerektigi ifade edilmistir (Dyson-Hudson ve Dyson-Hudson, 1980). Gogebe kelimesinin Ingilizce kar-
silig1 olan ‘nomad’ kelimesinin kavramsal olarak kdkeni ise Yunanca ‘davar siirmek, otlatmak’ anlamini ifade
eden ‘némao, nom’ fiilinden tiiretilmistir (Seymour-Smith, 1986).

Gogebeligin tarihini inceledigimizde ise Orta Asya bozkirlarinda yasayan gogebe Tiirk topluluklarinin gdgebe
hayvancilik ile ge¢imlerini sagladiklar1 ve siiriilerine otlak alanlar bulmak amaciyla farkli bolgelere gog ettik-
leri gorilmiistiir. Osmanli Devleti doneminde incelenen ve gogebeler ile ilgili saglikli kayitlarin bulundugu
Tahrir Defteri adi verilen defterler de o dénemde yasayan yerlesik topluluklar ile gogebe topluluklarin esit bir
statiide ele alindig1 gézlemlenmistir (Bulut, 2021; (")gel, 2000; Soysal, 2010).

Anadolu'daki gogebe topluluklarin sayist modernlesme ve kentlesme siirecleriyle birlikte 6nemli olgiide
azalmakla birlikte gliniimiizde Anadolu'daki gbécebe yasami, genellikle folklorik ve turistik etkinliklerle
yasatilmakta olup, halen giiniimiizde iilke genelinde belirli bir topluluk gogebe hayat tarzini siirdiirmekte ve
gecimini saglamaktadir. Bu ¢alisma ile giiniimiizde gd¢ebe hayvancilik faaliyeti ile gecimini saglayan gocebe
topluluklarin bu iiretim diizeni incelenmistir.

Gogebelik faaliyetleri, yapildigr bolgenin kosullarina bagli olarak degisiklik gosterebilmektedir.
Aragtirmacilar gogebeligi belirli kosullara bagli olarak siniflandirmistir. Asagidaki tabloda gocebeligin

aragtirmacilar tarafindan siniflandirilmas1 yer almaktadir.

Tablo 1. Arastirmacilarin Gégebeligi Tasnifi (Denker, 1960; Ekiz, 2022; Eroz, 1991, Kutlu, 1987, Planhol,
1958).

Mehmet Eroz W(.).If-DIEter Xavier De Planhol | | M. Muhtar Kutlu
Hiitteroth

4 T d Y4 i T ¥ ” —
1-Tam goégebelik 1-Horizantal 1-Horizantal L-Gergek gagebeli
-Horizantal gocebelik gocebelik

. 2-Yari gocebelik
-Vertikal Kiictik sdeabalik
2-Vertikal gocebelik | | 2-Vertikal gogebelik YR e
. . -Gocer koyluluk
2-Yan gogebelik

3 : ¥ kli
\_ ) | 3-Ara tipler 3-Ara tipler Yari yerlesiklik
-Yari gogebelik \ J R——
-Yaylacilik v
-Transhiimans
\_ Y, @-Transhumans )

Tabloyu inceledigimizde arastirmacilarin bakis agisina gore gocebeligin siniflandirilmasinda bazi farkliliklar
olsa da genel olarak tanimini yapacagimiz gogebe yasam tarzlari sunlardir:

Sahra Gogebeligi (Horizontal Gogebelik): Genis mesafeler arasinda yatay dogrultuda gerceklesen gog
hareketidir.
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Dag Gogebeligi (Vertikal Gogebelik): Diiz alanlardan daglik bolgelere veya daglik bolgelerden diiz alanlara
yapilan géglerdir.

Gergek Gogebelik (Gogebe Cobanlik): Bu yasam bigiminde bireyler sabit bir yerlesim alanina sahip olmadan
tamamen cadir hayat1 siirdiiriir. Soy baglantilar1 gii¢liidiir ve temel ge¢im kaynaklar1 hayvanciliktir.

Yari Gigebelik: Gogebe yasam ile yerlesik yasam arasinda bir gegis modelidir. Bu yasam tarzi, yerlesik hayata
gecisin bir asamasi olarak goriilebilecegi gibi, kendi basina ekonomik sistem de olabilir (Beuermann, 1967).

Yaylacilik (Practice Transhumance): Hem tarimla hem de hayvancilikla ugrasan yerlesik koyliilerin, yaz
aylarinda hayvanlarin1 daha iyi besleyebilmek ve daha kaliteli hayvansal iirlinler elde edebilmek i¢in 1,5 — 2
ay boyunca yaylalara gé¢ etmesini ifade eder.

Gdigebe Yaylacilik (Nomadic Transhumance): Mevsimsel sartlara bagh olarak otlaklarin degerlendirilmesi
amactyla siiriilerin uzun mesafeler boyunca gog ettirilmesini kapsar. Bu tiir gécte, yalnizca hayvanlar hareket
ederken, siirli sahipleri genellikle sabit bir yerlesimde kalir. Siirtilerin yonetimi, iicretli ¢obanlar tarafindan
saglanir.

Tiirkiye 'de Gégebe Hayvanciligin Sosyal ve Kiiltiirel Boyutu

Gogebe topluluklarin sosyo-kiiltiirel durumlari, gegmisten giiniimiize kadar farklilik géstermis olup genellikle
belirli ortak temele dayandiklari sdylenebilir. Gogebe yasam tarzi, ailelerin sosyal yapilarini, ekonomik
faaliyetlerini ve kiiltiirel pratiklerini sekillendirmistir.

Gogebe topluluklar genellikle tabiata derin bir saygiyla yaklasirlar ve tabiat ile uyum i¢inde yasama stratejileri
gelistirmislerdir. Bu davranisin temelinde ekonomik anlamda hayvanciliga dayali bir ge¢cim modeli s6z konusu
oldugundan, tabiatin sundugu imkanlar dogrultusunda bireylerin yasaminin siirdiirebilirligi de tabiata bagh
olup simbiyotik bir iligki s6z konusudur. Asagida yer alan gorselde, gogebelerin ilkbahar-yaz aylarini gecirdigi
yayla ve mera alanlar1 yer almaktadir.

-
— @ -

Sekil 1. Gogebelerin yayla ve mera alamndaki yasami (Savag, 2019).

Sekilde de goriilecegi lizere, yayla ve mera alaninda gécebe topluluklarin sosyal hayata iliskin etkilesimi bir
nizam i¢inde gerceklesmekte, yayla ve mera alanlarinda gegirilen zaman diliminde gogebe cadiri, gocebe
yasamin bir temsili halini almakta ve toplumsal yasam anlayisinda giindelik yasam bu c¢adir etrafinda
sekillenmektedir (Ayan, 2022).

Tirkiye’de gocebe hayvancilik faaliyetlerini siirdiiren topluluklar arasinda yer alan ve derin tarihi ve kiiltiirel
gecmise sahip gogebe Sarikecili Yoriik toplulugu, yil boyunca iki farkli otlak alani arasinda go¢ ederek
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geleneksel gocebe hayvancilik faaliyetlerini halen slirdiirmektedir. Kis mevsimini iliman iklim kosullarina
sahip Mersin ve Antalya’nin algak daglik bolgelerinde gegiren Sarikegili Yoriikleri, baharin gelmesi ve hava
sicakliklarinin artmasi ile hayvanlarin 1s1 stresine maruz kalmamasi igin siiriileri ile birlikte serin hava
kosullar1, taze su kaynaklar1 ve zengin bitki ortiisiine sahip Toros Daglari’nin daha yiiksek rakimli alanlarinda
bulunan yayla ve meralara dogru go¢ etmektedirler (Bazin, 1989; Ozcatalbas, 2016).

Evlilik kurumuna 6nem veren gogebe topluluklarin, ¢ocuklarini 6ncelikle kendi topluluklari ya da komsu
gbcebe topluluklardan biriyle evlendirmeyi tercih etmektedirler. Konu ile ilgili yapilan bir arastirmada, gécebe
topluluklarin %97’sinin gogebe biriyle evlilik yaptig1 gorilmiistiir. Gogebelerin aile dizeninde ise erkek—kadin
ayrimimin ¢ogu noktada olmadigi, kadinlarin topluluk yasaminda katilimci ve karar verici konumda olmasi
gocebe topluluklarin bir diger 6nemli 6zelligidir. Fakat gocebe toplumun aile yasaminda kadinlara 6nem
verildigi gézlemlense de genellikle erkek egemen bir aile reisinin karar mekanizmasinda daha etkili oldugu
belirtilmigtir (Andrews, 1994; Soylu, 1997; Yalgin, 1993).

Tiirkiye 'de Gégebe Hayvanciligin Dongiisii ve Gogebe Hayvanciligin Siirdiiriilmesine Etki Eden Faktorler
Gégebe Hayvanciligin Cografi Iliskisi

Anadolu cografyas1 verimli topraklari sebebiyle, eski ¢aglardan giliniimiize kadar gesitli ekonomik faaliyetlerin
gergeklestirildigi yer olmustur. Bitkisel ve hayvansal iiretim bu ekonomik faaliyetlerin énemli alanlari
olmustur. Daglik cografi alanlara sahip olan Anadolu cografyasinda kisa menzilli alanlarda olusan rakim fark1
bitki tiirlerinin cesitliligi ve vejetasyon siirelerinin farklilasmasiyla beraber farkli alanlarin olusmasina ortam
hazirlamistir. Go¢ebe hayvancilik ile gegimini siirdiiren topluluklar agisindan bahsi edilen bu kosullar,
hayvancilik agisindan da farkli alanlarin olugsmasini saglamaktadir (Kilig, 2014).

Gogebe hayvanlarin bakimi ve beslenmesi agisindan uygun alanlar olan yayla ve meralar, hayvanlarin temiz
ve serin dag havasi almasi, taze ve gesitli otlarla beslenmesi, temiz su i¢gmesi ile birlikte bunlara bagli olarak
verimini artirabilmesi agisindan gerekli ozellikleri biinyesinde barindirmaktadir. Hayvanlarin bakimi ve
beslenmesi i¢in uygun olan yayla ve meralarin Tiirkiye cografyasinda kapladigi toplam alan 1935 yilinda 44,3
milyon hektar iken, 2001 yil1 tarim sayim verilerine gore 14,6 milyon hektara kadar azalmistir. Bu siiregte
yayla ve meralarin siirlilerek tarim arazilerine doniistiiriilmesi ve islenmesi, ekstansif bir Gretim dizeninde
hayvancilik yapan isletme sayisinin azalmasina sebep olmustur. Gelinen bu noktada, mera alanlarinin
artirllamamasi gergegi, otlatma baskisimi azaltmak adina mevcut alanlarda verimliligin artirilmasini ve bu
dogrultuda mera 1slah ¢aligmalarina agirlik verilmesini gerekli kilmaktadir (Aral, 2020; Kara, 2009; Kutlu,
1987; Satar, 2021). Asagida yer alan harita {izerinde Tiirkiye cografyasinda gocebe hayvanciligin faaliyet
alanlar1 gosterilmistir (Kutlu, 1987).
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Sekil 2. Tiirkiye 'de Gogebelerin Faaliyet Alant (Eken, 2015).

Yukarida yer alan haritay1 inceledigimizde, Tirkiye’de gogebe hayvancilik faaliyetinin yapildigi baslica
alanlarin Bat1, Orta, Glineydogu Toros siradaglar1 olmak iizere Siiphan dagi, Bingdl daglari ile Sanlurfa ilinde
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bulunan Karacadag boélgesinin oldugu anlasilmaktadir (Alagoz, 1993; Bazin, 1994; Gokalp, 1992). Anadolu
cografyasinda yapilan gogebe hayvanciligt Kutlu (1992) ise soyle agiklamaktadir: Gogebe topluluklar
faaliyetlerini Dogu Anadolu’nun rakimi yiiksek yayla ve mera alanlar1, Akdeniz Bolgesi’'nde yer alan Toros
Daglar ve Ege Bolgesi ile kismen Karadeniz Bolgesi’'nde 6zellikle Rize ve ¢evresinde ilkbaharda yaylalara
hayvanlar ile cikilip (ylikselme), yaz sonu tekrar kis1 gecirmek iizere kislak alanlara (algalma) go¢
edilmektedir.

Gégebe Hayvanciligin Iklim Iliskisi

Gogebe hayvancilik ile tabiat arasinda siki bir iligki s6z konusu oldugu i¢in gog¢ esnasinda olusabilecek iklimsel
sartlarin gogii etkileme ihtimali gbgebe toplumlar i¢in iklimsel sartlart dnemli kilmistir. Bu iligki gb¢ eylemine
karar verme, otlatma alanlarinin secimi ve su kaynaklarina erisim gibi sebeplerden dolay1 iklimsel
degisikliklere karsi baga ¢ikma stratejileri agisindan 6nemlidir.

Yagis rejimi, sicaklik ve nem gibi iklim unsurlari, hayvanlarin gog rotalari ile otlatma alanlarini belirlerken
g6z Onlinde bulundurulmasi gereken onemli etkenlerdir. Yagis rejimi, yayla ve mera alanlarindaki otlak
alanlarin kalitesi ve verimi acisindan énem arz etmektedir. Yiiksek sicaklik ve nem degerleri ise hayvanlarin
su kaynaklarina erisimini zorlagtirabilir ve hayvanlarin 1s1 stresine maruz kalmasina neden olabilmektedir.

Yerlesik ve yar1 gocebe hayvancilik igletmelerinin incelendigi bir aragtirmada, siiriideki hayvanlarin ¢evresel
sicaklik ve nem diizeylerine kars: verdikleri fizyolojik tepkileri 6lgmek icin kullanilan Sicaklik Nem Indeksi
(SNI) verileri analiz edilmistir. Elde edilen bulgular, yerlesik iiretim diizeninde hayvanlarin orta seviyede 1s1
stresine maruz kaldigini, buna karsilik yar1 gogebe iiretim diizeninde ise hayvanlarin ¢evresel olumsuzluklara
kars1 gorece daha iyi korundugu ortaya koyulmustur. Arastirmada gocebe topluluklarin hayvanlari ile birlikte
yiiksek rakimli serin hava kosullarina sahip yayla ve meralara gergeklestirdikleri goglerin, hayvanlarin 1s1
stresinden korunmasinda ve verimliliklerinin artirilmasinda 6nemli bir rol oynadigi ifade edilmistir (Cevikkol,
2024).

Yukarida bahsi gegen biitiin cografi ve iklimsel unsurlarin etkisi ile olusan bu ortamda hayvanlarin otlak
alanlart igin iki farkli alan meydana gelmektedir. Birincisi kis mevsiminin giddetini goéstermedigi ve
gocebelerin ‘kislak’ olarak adlandirdigi 1liman alanlar, ikincisi ise bahar aylarinin gelmesiyle kis mevsiminin
etkisini ilkbahar ve yaz mevsimlerine biraktig1 yiiksek rakimli bolgelerde yer alan ‘pazlik’ olarak adlandirilan
yayla ve meralardir. Go¢ebe hayvanciligin go¢ donglsu ise bu iki farkli alan arasinda gegmektedir (Tungdilek,
1967).

Gogebe Hayvancilikta Gég Dongiisii

Gogebe topluluklar agisindan farkli mevsim donemlerinde yapilan goglerde siiriide yer alan hayvanlarin kaliteli
ve stirekli beslenebilmesi nedeniyle otlak alanlar bulma ihtiyaci azami 6nemlidir. Kislak ve yazlik alanlar
arasinda otlak bulmak amaciyla gdgebelerin hayvanlari ile yaptigi bu gogler bir dongii halinde ger¢eklesmekte
olup bu go¢ dongiisii ilkbahar ve yaz mevsiminde yiiksek rakimli yaylalara dogru yapilan yikselme gocl ve
sonbahar ve kig aylarinda diisiik rakimli 1liman alanlara dogru yapilan algalma gogl olmak Uzere iki temel
asamadan olusmaktadir (Kilig, 2014).
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Sekil 3. Kislak ve yazlik alanlar arasinda gerceklesen go¢ dongiisii.

Yikselme gogiiniin bagladigi Nisan-Mayis aylarinda yayla ve mera alanlarina go¢ hareketi 6ncesinde haneden
birkag kisi alana giderek bir onceki yil gogerek terk edilen ¢adir alanini diizenlemektedir. Genellikle yapilan
bu diizenlemeler ile gogebe topluluklar her yil ayni ¢adir alanin1 kullanmaktadir. G6¢ hareketi icin gerekli
hazirliklar yapilip eksik olan materyaller temin edilip, oglak ve kuzular i¢in yemler alindiktan sonra go¢
hareketi basglamaktadir. Yiikselme gociliyle yayla ve meralarda otlatilan gocebe hayvanlar, sonbahar
mevsiminin etkisinin hissedilmeye baglamastyla birlikte kisin sert kosullarindan etkilenmemek i¢in kislak
alanlara dogru al¢alma gog¢ii gergeklestirmektedir. Olusan bu go¢ dongiisiinde gocebe Sarikegili YOruk
toplulugu yayla ve meralar ile kiglak alanlarda gé¢ ederek yerlestigi alanlart “Yazlik Yurt’ veya “Oturak
Yurdu” seklinde tamimlarken, yiikselme ve algalma gocii esnasinda goc giizergdhi tizerinde 3 ile 10 giin
arasinda kisa siire konaklanan yerlere ise “Konalga” adin1 vermektedirler (Armagan, 2018; Yel, 2018).

Yapilan bu gog¢ hareketi sirasinda gocebe topluluklar belirli araliklar ile dinlenmek ve hayvanlarini otlatmak
zorunda kalmaktadirlar. Bu sebeple kesintisiz gé¢ eylemini siirdiirememektedirler. Bir giin boyunca yapilan
gbc eylemi siire itibariyla 4-5 saati gegmemektedir. Toros Daglari’'nda gogebelerin go¢ giizergaht mevcut
olmakla birlikte eskiden gelen tecriibe ve kiiltiirel miras ile bu giizergahlar belirlenmistir. Ayrica bazi gogebe
hayvancilik isletmeleri, go¢ esnasinda siirii sahiplerinin yasli olmalar1 nedeniyle uzun mesafeleri kat
edememesi, ailedeki sonraki nesillerin bu eyleme katilmak istememesi ve go¢ giizergahinda yerlesik arazi
sahipleri ile yaganan problemler nedeniyle siiriilerini kamyon, kamyonet ve tir vasitasi ile go¢ edilecek mera
ve yaylalara gétirmektedir (Tolunay ve ark., 2018).

Tiirkiye 'de Gogebe Hayvanciligin Ekonomik Durumu
Gégebe Hayvanciligin Ekonomisi

Khazanov (1984) gogebe hayvanciligin Diinya’nin en eski ekonomik faaliyeti oldugunu ifade etmistir.
Tirkiye'de gogebe hayvancilik uzun bir gegmise sahip olmakla birlikte iilke ekonomisinin bir pargasini
olusturmaktadir. Ozellikle kirsal bolgelerde, gdgebelerin hayvanlariyla birlikte yaptiklari gogler, kirsal
ekonominin 6nemli bir bileseni haline gelmistir.

Giliniimiizde yaygin olan entansif iiretim yapisinin aksine ekstansif iiretim yapisina sahip olan gdcebe
hayvancilik isletmeleri ekonomik acidan Onemi olmayan alanlarda girdisi az ve verimi yliksek sekilde
tiiketicilere uygun hayvansal Uriinleri liretme agisindan 6nemli role sahiptir. Gogebe hayvanlar otlak alanlarda
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dogal yetisen bitkileri protein agisindan zengin gidaya doniistiirebilmektedir. Ayrica gdgebe yasamin bu iiretim
diizeni, iklim degisikligi nedeniyle Diinya ¢apinda fosil yakitlara olan bagimliligin azalmasi ve siirdiiriilebilir
gida liretimi agisindan daha da degerli hale gelebilir (Waters ve Wario, 2022).

Gogebelerin daglik ve kirsal bolgelerdeki mera ve yaylalara yaptiklari gocler, hayvanlarin dogal otlanma
alanlarim1 kullanmasini saglayip, kaynak kullaniminda etkinligi saglamaktadir. Kiigiikkbas yogun gocebe
hayvancilik isletmeleri bu faaliyetleri ile Tiirkiye'nin et ve siit gibi hayvansal iiriinler ile damizlik materyal
anlaminda kendi kendine yeterliligini muhafaza etmekte ve kirsal alanlarda istthdami saglamaktadir. Ayrica
gocebelerin goc ettigi bolgelerde yerel ekonomilere canlilik getirdigi ve yerel pazarlari da hareketlendirdigi
gozlemlenmektedir.

Kirsal alanlarda yasamini siirdiiren topluluklar agisindan, kirsal alanlarda gelir olanaklarinin ¢esitlenmemesi
ve istihdamin yetersiz olmasi, kirsal alanlardaki bitkisel ve hayvansal iiretim faaliyetlerini nemli kilmaktadir.
Gogebe topluluklarin, yasanan tiim zorluklara ragmen kiiltiirel miraslarina sahip ¢ikarak gécebe hayvanciligi
siirdiirme ¢abalar1 gbz Oniine alindiginda, kirsalda siirdiirtilebilir bir isgiliciiniin saglanabilmesi acisindan
gogebe hayvancilik faaliyetinin 6nemi goz ardi edilmemelidir (Askin ve ark., 2013; Giimiis ve ark., 2012;
Yilmaz ve ark., 2014).

Kayseri ilinde yapilan bir calismada, gocebe hayvancilik faaliyetinin yogun bir sekilde gerceklestigi
Akkisla/Gomiirgen koylinde yasayan gdcebe hanelerin, bu faaliyet ile herhangi bir ugrasisi olmayan diger
bolgelere gore ekonomik kalkinma ve sosyal refah agisindan daha iyi bir konumda oldugu belirtilmistir (Koca,
2021).

Tiirkiye’nin farkli cografyalarim1 gégebe hayvan yetistiriciligi agisindan inceledigimizde ise Dogu Anadolu ve
Giineydogu Anadolu boélgesindeki koyun varligmin %60’1m1 gdcebe hayvancilik faaliyetinde bulunan
isletmelerin olusturdugunu, Konya ve Mersin illerinde gogebe hayvancilik ile gecimini saglayan gogebe
Sartkegili YOruk topluluguna ait toplamda 54.540 adet kegi ile bolgede damizlik materyal agisindan ciddi bir
hayvan varlig1 olusturdugu, Bitlis ilindeki yayla ve meralara 2002 -2005 yillar1 arasinda bir sezonda gelen
gbcebe hayvanlarin toplamda 150.000 adet kiigiikbas oldugu ifade edilmistir (Seving, 1981; Sezgin, 2006;
Tolunay ve ark., 2018).

Gécebe Hayvancilik Isletmelerinin Gelir-Gider Unsurlar

Gogebe hayvancilik isletmelerinde gelir ve gider unsurlari belirli salt basliklar olup, gdgebe hayvancilik
isletmelerinin iktisadi olarak devamlilig1 agisindan gelir ve gider dengesinin igletme sahipleri tarafindan analiz
edilmesi isletmenin siirdiirebilirligi acisindan énemlidir. Tktisadi olarak her isletmenin en temel amaci karmi
en Ust diizeye ¢ikarma cabasidir.

GOcebe ve yerlesik hayvancilik isletmelerinin incelendigi bir arastirmada, gogebe hayvancilik isletmelerinde
canli agirlik artiginin ve verimliligin yerlesik hayvancilik isletmelerine gore daha yiiksek oldugu ayrica yayla
ve meralara dayali ekstansif bir iiretim diizeni sayesinde gdcebe hayvancilik isletmelerinin, yerlesik
hayvancilik isletmelerine kiyasla daha karli bir iiretim yapisina sahip olduklari belirtilmistir (Aydinli, 2019).

Gogebe hayvanciligin gelir kalemlerinin, miktar agisindan gelirdeki 6nem sirasi hakkinda, en énemi gelirin
sirastyla; basta canli hayvan satisi olmak {izere siit, peynir, yogurt, tereyagi ve yapagi yiinden saglandigi
yapilan arastirma ile tespit edilmistir. Bu gelir kalemi icinde en fazla gelir getirici kalem canli hayvan satisinda
genellikle erkek hayvanlar satilmakta olup disi hayvanlar ise damizlik olarak siiriide tutulmaktadir. Gogebe
hayvancilik faaliyetinde bulunan hanelerin kendi siiriisii ile birlikte gobanlik yaptigi diger siiriiniin iicretini
almast ve goce katilmayip farkli islerde calismasi ayrica gelir saglamaktadir. Gider unsurlart ise otlatma
alanlarinin kirasi, veterinerlik hizmetleri, coban parasi ve yem giderleri oldugu gézlemlenmistir (Akgiin, 2022;
Koca, 2021; Tuztas, 2005).

Canli hayvan satig geliri, gelir kalemleri arasinda miktarsal olarak 6nemli bir yere sahiptir. Bu satis siirecinde
tiiccarlar etkin bir rol oynamaktadir. Gogebe isletme sahibi ile tiiccar arasinda, etin piyasadaki satig fiyatina
bagli olarak oglak ve kuzular i¢in bir fiyat belirlenmektedir. Belirlenen bu fiyat pesin ya da vadeli 6deme
sekline gore farklilik gostermektedir. Ayrica gegmis yillarda gocebe Sarikecili toplulugunun canli hayvan
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satiginin i¢ pazarin yani sira besilik materyal i¢in Dogu Avrupa’ya, Kurban Bayrami i¢in Orta Dogu’ya
digsatim yaptig1 yazar tarafindan belirtilmistir (Akgiin, 2022; Bazin, 1994).

Hayvansal Uriinlerin Uretimi ve Pazarlanmasi

Gogebe hayvanciligin gelir kaynaklarindan biri olan hayvansal iiriinlerin iiretimi, g¢esitli iirlinlerin elde
edilmesini saglamaktadir. Ozellikle siit ve siit {iriinleri bu iiretimin nemli bir bilesenidir. Gd¢ebe haneler igin
temel bir besin kaynagi olusturan bu iiriinler, ayn1 zamanda ihtiyag¢ fazlasinin satilmasiyla gelir elde edilmesine
de katkida bulunmaktadir. Marx (2006), gbcebelerin belirli bir dereceye kadar pazar odakli tiretim yaptiklarini,
bu nedenle kent niifusuna bagimli olduklarini ifade etmistir. Marx’a gdre bu iiretim modeli kendi kendine
yeterli bir ekonomik sistem olarak degerlendirilemez ve gegime dayali bir ekonomi olarak ele alinamaz.

Yukarida bahsi gecen tespitleri de gbz Oniine aldigimizda Sanlurfa ve Erzurum illeri arasinda gocebe
hayvancilik yapan Beritan toplulugunda yapilan arastirma ve gézlemlerde, kiiglikbag hayvanlarin siit sagiminin
Mayis ile Eyliil aylari arasinda gergeklestigi, yaz mevsiminin ortasindan itibaren siit veriminin giderek
azaldigi, Eyliil-Ekim aylarinda ise ko¢ katimini takiben koyunlarin gebe kalmasi nedeniyle sagim isleminin
durdugu gézlemlenmistir. Gogebe hanelerin, bu tiretim dongiisiinde sagilan siitleri peynir yaparak sattig1 tespit
edilmistir. Uriinlerin pazarlanmasi siirecinde ise yayla ve meralardaki iireticilerden mandiracilarin siit ve siit
iirlinlerini toplayarak tiiketiciye ulagtirdig: ifade edilmistir (Akgiin, 2022; Tuztas, 2005; Yetim, 2016).

Hayvansal firiinlerin pazara arz ile ilgili kiicliikbas hayvancilik igletmelerinin incelendigi bir arastirmada,
isletmeler hayvan sayisina gore ii¢ farkli dlgekte (1-100, 101-200, 200+) gruplandirilmis, hayvanlardan elde
edilen hayvansal iirtinlerin pazarlanmasi hususunda isletme 6lgegi biiyiidiikge siit ve siit iiriinlerinin pazarlama
orani da artmaktadir. Hayvanlardan elde edilen siitiin, %52,51°1 peynir, %27,39’u yogurt, %10,23’{i igme siitii
ve %9,87’si tereyagi olacak sekilde pazara sunulmaktadir (Dellal ve ark., 2002; Paksoy, 2007).

Hayvansal iiriinlerden yiin, kil ve kegeden gecmiste gelir elde edilirken, gliniimiizde bu iirlinlerin fazla kazang
saglamadigi belirtilmektedir. Bu durumun baglica sebebi ise endiistriyel iiriinlerin yayginlagsmasiyla birlikte
yiin satiglarin azalmasi olarak gériilmektedir. Ote yandan son yillarda hayvansal giibrelerin satisinin gelir
kaynag1 haline geldigi belirtilmektedir (Meydan, 2016).

Gégebe Hayvanciligin Sorunlar

Gogebe hayvancilik faaliyeti derin tarihi mirasi ile birlikte degisen kosullara uyum saglayarak giiniimiize kadar
varligimi siirdiirmiis, topluluklarin gecimini saglamistir. Biitiin boyutlarini ele alarak incelemeye ¢alistigimiz
gocebeligin giiniimiizde yasadig1 sorunlara deginecek olursak bu geleneksel yasam modeli iklim degisikligi,
egitim ve saglik hizmetlerine erisim zorluklari, mera alanlarinin azalmasi ve go¢ gilizergahinda yasanan
problemler, hayvansal {irlinlerin pazarlanmasi ve kirsaldan kente gogler ile olusan insan kaynagi sorunu gibi
tehditler ve kisitlar ile kars1 karsiyadir. Tespit edilen bu sorunlar gégebe hayvanciligin siirdiiriilebilirligini
zorlagtirmaktadir.
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Sekil 4. Gogebe hayvanciligin sorunlart.

Gogebe topluluklarin gé¢ dongiisiinde ilkbahar zamani kiglaktan mera ve yaylalara ve sonbahar zamaninda
yazlik alanlardan kislaklara gé¢e baglamada karar verme agisindan kilit rol oynayan mevsimsel hava sartlarmin
belirsizligi onemli bir sorun teskil etmektedir. Iklim degisikligine bagl mevsimsel degisimlerin beklenen siire
zarfinda gergeklesmeyip, asir1 sicak ve asirt soguk hava olaylarinin olmasi, yagis rejiminin diizenini
kaybetmesi ¢Ozlilmesi zor sorunlarin baginda gelmekte olup bu degisiklikler yayla ve mera alanlarinda botanik
varlig1 tehdit etmekte ve su kaynaklarini agisindan kisit olusturmaktadir.

Egitim ve saglik hizmetleri agisindan gocebe hanelerin sorunlarini ele aldigimizda Nisan ayim takiben
yaylalara ¢ikan gdcebe hanelerin, Kasim ayinin sonlaria kadar yaylalarda kalmasi ve ¢ocuklarin en fazla 4-5
ay egitim gérmesi yayla ve mera alanlarinda ¢ocuklarin egitiminin aksadig1 ifade edilmektedir. Gogebelerin
genellikle uzak ve erisilmesi zor bdlgelerde izole bir sekilde yasamasi saglik hizmetlerine erisimi
zorlastirmakta, acil durumlarda tibbi yardimlar zamaninda saglanamamaktadir. Ayrica gogebe haneler iizerine
yapilan bir arastirmada gogebe topluluklarin egitim hizmetlerine erisim agisindan %55 oraninda memnun
oldugu, saglik hizmetlerine erisimde ise %80 oraninda memnun olduklar1 bildirilmistir (Kilig, 2014; Yiicel,
2022).

Gegmis yillarda baglayan ve devaminda artan tarimsal mekanizasyon ile yayla ve mera alanlari siiriilerek tarim
arazisine doniistiiriilmiig, hayvanlarin dogal otlak alani olan yayla ve mera alanlar1 6nemli dlgiide azalmakla
birlikte, ekstansif bir sekilde faaliyet gosteren gocebe hayvancilik isletmelerinin go¢ giizergahi iizerinde yer
alan yayla ve mera alanlarinin 6zel veya tiizel kullanima tahsis edilmesi, bununla birlikte miilkiyet hakki elde
eden yerlesik topluluklarin gégebe topluluklara baski uygulamasi ile birlikte ormanlik alanlar i¢in alinan
tedbirler, gécebe hayvanciligin temelini olusturan go¢ dongiistine engel teskil etmektedir (Sakarya, 2020).

Gog edilen yayla ve meralarin yerlesim yerlerinden izole olmasi tedarik zinciri agisindan pazarlamay1 olumsuz
etkilemektedir. Mevcuttaki pazarlama kanali ile olusan yapida &zellikle aracilarin kar marjinda ireticiyi
urinlin piyasa sartlarinda hak ettigi degerde almamas1 ve satarken de tiiketici aleyhinde bir fiyatlama ile iki
tarafi da magdur edebilmektedir.

Gilinlimiiz kosullarinda gogebe yasam, genis aileler ve her yas grubundan bireylerle siirdiiriilmeye devam edilse
de bu yasam modeli daha ¢ok yasli niifus tarafindan tesvik edilmektedir. Ayrica, gogebe topluluklarin giderek
yaslanmasi nedeniyle, 15-20 yil i¢inde yayla ve mera alanlarinda bu faaliyetin tamamen yok olma tehlikesiyle
kars1 karsiya kalabilecegi ifade edilmistir. Dogu Anadolu Bolgesi’nde yapilan bir arastirmada ise,
yetistiricilerin kiiciikbas hayvanciligi birakma nedenleri arasinda isgiicii bulma konusunda yasanan zorluklarin
yani1 sira, yayla ve mera alanlarma dayali hayvanciligin yaygin oldugu bu bdlgede, genglerin kirsal yasamm
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cazip goérmemesi ve kent hayatinin cazibesine kapilmasi nedeniyle bu faaliyeti siirdiirmek istemedikleri
gbzlemlenmistir (Aksoy ve Yavuz, 2012; Gokdai, 2019; Hadimli ve ark., 2010).

Yerlesik yasamin daha cazip firsatlar sunmasi ve gogebe yasamin zorluklari neticesinde, hayvancilikla ugrasan
gbcebe haneler, genellikle sanayi ve hizmetler sektoriinde ¢aligmak {izere kirsal alanlardan kentlere dogru go¢
etmektedir. Kirsaldaki ¢6ziilmesi zor altyapi eksiklikleri bu gog¢ siirecini engelleyememektedir. Bu durum,
gocebe igletmelerde insan kaynagi agisindan isgiicii arzinin siirdiiriilebilirligini tehdit etmektedir.

SONUC VE ONERILER

Gogebe topluluklarin hayvanlar ile gergeklestirdigi bu faaliyet, tabiatin sundugu kaynaklar1 etkin bir sekilde
kullanarak gliniimiize kadar ulasmistir. Ancak gliniimiizde, gé¢ebelerin karsilastiklar1 sorunlar1 ¢ézmek igin
yalmzca gogebe topluluklarin degil, diger paydaslarin da katkis1 gerekmektedir. Ifade edilen yaklagimin temel
amact gocebe yasamin siirdiiriilebilirligini saglamak i¢in ¢ok boyutlu bir ¢éziim Onerisi sunmaktir. Bu
faaliyetin ekonomik ve sosyal anlamda desteklenmesi gerektigini ifade etmemiz gereklidir.

Hayvanlarin yayla ve mera alanlarinda otlatilmasi kontrollii ve denetimli bir sekilde yonetilmeli ve gogebe
hayvan sirilerinin go¢ glizergahinda yasadigi sorunlarin ¢éziimiinde gog giizergahi, isletme sahiplerinin
beyani ile varis noktasina (yurt) kadar kesin bir sekilde belirtilmelidir. Bu giizergdh iizerinde yer alan
topluluklarin 6zel alanlarina girmeden gog¢ eyleminin devam edebilmesi i¢in go¢ koridoru olusturulmali ve
belirlenen koridor {izerinde bulunan topluluklar yerel yonetimler tarafindan bilinglendirilip, yasanabilecek
sorunlarin ¢dziimiinde, yerel yonetimler arabuluculuk anlaminda yetkilendirilmeli ve bu konuda ilgili biitin
paydaslara farkindalik kazandirilmalidir.

Yayla ve mera alanlarinda iiretilen siit ve siit {irlinlerini satarken tiiccarlarin insafina kaldigindan dolay1
sikayetci olan gogebe topluluklar; devlet destekli bir kooperatifin kurulmasi ve trettikleri iiriinlerin cografi
isaret ile pazara sunulmasinin ekonomik anlamda isletmeleri i¢cin daha yararli olacagini diisiinmektedirler.
Ayrica gogebe aileler, cocuklarinin egitim sorunlarinin ¢éziime kavusmasi icin siirekli konakladigi yayla ve
meralarda yaz okulu agilmasini talep etmektedir. Yayla ve meralarda yasayan gogebe topluluklar, okul ¢aginda
cocuklariin oldugunu ifade etmis olup, goniillii veya gorevlendirilecek 6gretmenler vesilesiyle veya tagimali
olarak bu sorunun ¢6ziime kavusacagina inanmaktadir (Kilig, 2014).

GoOcebe hayvancilikla ugrasan hanelere yonelik ekonomik destek programlar1 ve uygun politikalar ile bu
sorunlara ¢oziim bulunabilir ve gogebe hayvancilikla ugrasan topluluklarin gelir diizeyini artirarak yasam
kalitesini de iyilestirebilir. Ayrica gocebe topluluklarin sorunlarin ¢éziimiinde sadece insan odakli degil,
hayvan ve doga faktorlerini de kapsayacak sekilde genis bir bakis agisi ile konunun ele alinmasi siirdiirebilir
bir kalkinma i¢in dnemlidir. Bu ¢6ziim ve dneriler hem bireylerin hem de toplumun genel refahini artirarak,
daha adil ve siirdiiriilebilir bir kalkinma saglayabilir.

CIKAR CATISMASI

Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini tasdik ederler.

YAZAR KATKISI

Tiim yazarlar esit katki saglamistir.

ETIK BEYAN

“Tirkiye’de Gogebe Hayvancilik Faaliyetlerinin Sosyo-Ekonomik Durumu ve Sorunlart’” baglikli caligmanin
yazim siirecinde bilimsel kurallara, etik ve alint1 kurallarina uyulmus, toplanan veriler iizerinde herhangi bir
tahrifat yapilmamis ve bu calisma herhangi bagka bir akademik yayin ortamia degerlendirme igin

gonderilmemistir. Bu arastirma dokiiman analizi ve betimsel incelemeye dayali olarak yapildigindan etik kurul
karar1 zorunlulugu bulunmamaktadir.
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