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From The Editor;

Dear Readers and Authors,

As “International Journal of Life Sciences and Biotechnology”, we are pleased and honored to present
the 20th issue of the journal. "International Journal of Life Sciencesand Biotechnology™ isan international
double peer-reviewed open access academic journal published on the basis of research- development and
code of practice.

The aims of this journal are to contribute in theoretical and practical applications in relevant researchers
of Life Sciences, Biology, Biotechnology, Bioengineering, Agricultural Sciences, Food Biotechnology
and Genetics institutions and organizations in Turkey, and to publish solution based papers depending
on the principle of impartiality and scientific ethics principles, focusing on innovative and added value
work, discussing the current and future.

With these thoughts, We are especially thankful to academicians honoring with the articles, valuable
scientists involved in editorial boards and reviewers for their contributions to the evaluation processes
with through their opinions/ideas/contributions/criticisms in the third issue of 2024 "International
Journal of Life Sciences and Biotechnology". Hope to see you in the next issue...

15. 12. 2024
Editorin Chief
Prof. Dr. Ali Aslan



Editorden;

Degerli okurlar ve yazarlar,

“International Journal of Life Sciences and Biotechnology” olarak dergimizin yirminci sayisimi yayin hayatina
sunmaktan mutluluk ve onur duyuyoruz. “International Journal of Life Sciences and Biotechnology”
dergisi arastirma- gelistirme ve uygulama ilkeleri baz alinarak yayinlanan uluslararasi hakemli agik
erisimli akademik bir elektronik dergidir.

“International Journal of Life Sciences and Biotechnology” dergisi Yasam Bilimleri, Biyoloji,
Biyoteknoloji, Biyomiihendislik, Ziraat Bilimleri, Gida Biyoteknolojisi ve Genetik alanlarindaki ilgili
arastirmacilara, kurum ve kuruluslara teorik ve pratik uygulamalarda katki saglamay1, tarafsizlik ve
bilim etigi ilkelerine bagli kalarak ¢6ziim temelli, yenilik¢i ve katma degeri olan ¢aligsmalara odaklanan,
giinceli ve gelecegi tartisan ¢aligmalarin yayinlanmasini hedeflemektedir.

Bu diigiincelerle 2024 yili tiglincii sayisim yayinladigimiz “International Journal of Life Sciences and
Biotechnology” dergisini, makaleleri ile onurlandiran akademisyenlere, Fikir / Goriis / Oneri / Katki ve
Elestirileri ile degerlendirme siireglerine Katkilarindan dolay: hakem ve yayin kurullarinda yer alan
kiymetli bilim insanlarina yiirekten tesekkiir ediyoruz. Bir sonraki sayida goriismek timidiyle...

15.12. 2024
Editor
Prof. Dr. Ali Aslan
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Arastirma Makale/ Research article

Antarctic Microalgae Growth in Simulated Wastewater

Deniz Ercetin'** , Benan inan?""', Didem Balkanh?

ABSTRACT ARTICLE HISTORY
In recent years, the number of scientific studies in the Antarctic and Arctic regions has Received
increased considerably. While scientific studies allow us to explore the untouched 23 August 2024
nature of the region and better understand the global climate, they also raise various Accepted
ecological concerns such as wastewater, air pollution and habitat destruction. This 04 October 2024
threatens the flora and fauna of the polar regions, negatively affecting biodiversity. It is

crucial that we protect the fragile ecosystems of the polar regions through sustainable KEY WORDS
research practices and international cooperation to prevent pollution, protect habitats polar microalgae,
and prevent the introduction of invasive species. The Antarctic Treaty and other wastewater,
protocols prohibit the discharge of wastewater into the sea without treatment. For this treatment,
reason, many research bases in Antarctica have established facilities to treat wastewater. bioprocess

These facilities ensure that wastewater is treated and returned to the sea without harming
the environment. However, the wastewater treatment process generates a significant
amount of solid waste. As this waste accumulates in the treatment plants, it has to be
transported back to the mainland. Antarctica's remoteness and challenging geographical
conditions make solid waste transportation logistically difficult and costly. In order to
solve these problems, it was aimed to use the algal blooms occurring in Antarctica in
the treatment process by cultivating them in wastewater. In the study, it was found that
the Antarctic microalgae can be cultivated in domestic wastewater in Antarctic bases
and have a high potential for the proposed activities by having approximately 30% of
protein content.

Introduction

Antarctica, the world's fifth largest continent in terms of area, may seem barren and devoid of life at first
glance, but it is a real treasure for our planet with its unique ecosystem [1]. It is rich in strategically important
resources such as oil, natural gas, minerals and water. The continent is the driest, windiest and coldest region
in the world, making life and work very difficult [2]. However, these challenging conditions provide a unique
environment for scientific research and an important opportunity to understand the ecological and geological
structure of the continent [3].

The Antarctic Treaty and the Madrid Protocol are the principles of peace, science and environmental protection
of Antarctica. These treaties aim to protect and sustainably manage Antarctica as a region dedicated to the
common good of humanity [4].

The Madrid Protocol includes three important conditions for wastewater management in Antarctica:

° In areas subject to the Antarctic Treaty, there can be no discharge of wastewater that could damage
surface ice. This condition aims to protect the continent's fragile ecosystems and ice sheets.

) After certain treatments, wastewater can be discharged to the bottom of deep ice structures. This allows
wastewater to be disposed of without harming the environment.

) Wastewater from sparsely populated bases may be discharged from the coast into the sea under specific

conditions. However, this discharge must comply with environmental protection standards [5].
Although discharging wastewater into the sea is preferred, especially in low-populated coastal bases, water
treatment is necessary in many inland bases. In bases with a permanent population of a few hundred people,
water treatment is in many cases inadequate. This is due to technical and infrastructural challenges caused by
the isolated nature and extreme conditions of the continent, which render the establishment and operation of

1Robert College, Istanbul / Tiirkiye

2 Yildiz Technical University, Faculty of Chemical and Metallurgical Engineering, Department of Bioengineering,
Istanbul / Tiirkiye
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wastewater management systems difficult. However, the general trend is towards the development and
improvement of wastewater treatment systems, with more effort than the legal limitations demand. Some bases
are trying to make wastewater reusable through recycling and treatment, aiming to create a completely "closed
system" [6].

Different methods are used for wastewater treatment in Antarctica. Certain physical methods are used to
remove physical pollutants that cannot be removed by biological methods, and then biotreatment methods are
usually used [7]. The materials required for the functioning of treatment plants usually need to be shipped from
the mainland. The transportation of these materials to Antarctica is costly and time consuming. In particular,
the transportation and procurement of these materials is challenged by the isolated nature of the continent and
the extreme climatic conditions. Moreover, the solid waste remaining after treatment is often sent to the
countries of origin and treated as organic matter, as no plant cultivation activities are carried out on many
bases. This creates an additional challenge and cost for waste management and disposal.

As for the wastewater in Antarctica, it can be divided as black water and gray water. Black water and gray
water are wastewater from human waste and sources such as kitchens and showers and contain trace amounts
of organic matter and chemical pollutants, respectively [8]. These two types of wastewaters are usually
collected through different water systems. This allows different treatment methods to be applied to black water
and gray water. While black water contains more intense pollution due to the human waste it contains and
requires more extensive treatment, on the other hand, gray water is less contaminated and has a lower organic
matter content, so, it is subjected to physical and chemical treatment processes such as filtration and
disinfection [9]. Separate treatment of black water and gray water makes wastewater treatment more effective
and efficient, leading to more sustainable water management.

Microalgae are third generation biomass feedstock that have been used in various areas such as biofuel
production, pharmaceutical and nutraceutical production and environmental applications [10, 11, 12,13, 14].
Today, microalgae stand out as an innovative and sustainable solution for wastewater treatment. Microalgae
utilize organic matter and nutrients in wastewater for photosynthesis and produce oxygen [15]. This allows
wastewater to be treated and oxygenated. Furthermore, the biomass of microalgae can be collected from treated
wastewater and converted into valuable products such as biofuels or fertilizers.

In the literature, the high efficiency of microalgae, especially in black water treatment, has been reported in
various sources [16, 17, 18]. However, wastewater treatment studies have not yet been carried out by utilizing
Antarctic microalgae which has a significant potential for environmental applications [19]. The target of this
study is to explore and evaluate the cultivation of Antarctic microalgae in the wastewater that occurred in
scientific bases in Antarctica. Given the unique and extreme environmental conditions of the Antarctic region,
the microalgae found there possess distinctive physiological and metabolic adaptations that may render them
particularly effective in bioremediation processes. This study aims to determine the biochemical content and
physiological responses of Antarctic microalgae when exposed to wastewater. Comparing the performance of
Antarctic microalgae with that of microalgae from temperate regions will highlight any superior traits or
advantages specific to Antarctic species.

By achieving these targets, the study aims to contribute valuable insights into the potential of Antarctic
microalgae as a sustainable and efficient source for wastewater treatment, addressing both environmental
pollution and resource management challenges.

Material and Methods

Microalgae culture and artificial wastewater media

Chlorella variabilis YTU.ANTARCTIC.001 (MN372092) (Fig 1) was evaluated in this study. Artificial
wastewater media with various chemicals (Yeast Peptone Media, Glucose, NH«Cl, KCIl, NaHCO3, MgSQO.-
7H20, FeS04-7H20, NaCl) were prepared according to Table 1. The pH of the medium was adjusted to 7.8
and then autoclaved at 121°C for 15 min. All the chemicals used in this study were supplied from Merck.
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Antarctic Microalgae Growth in Artificial Wastewater

Microalgae to be grown on solid media and prepared for inoculation were first inoculated into petri dishes
from the stock culture. At the end of one week, petri dishes were washed with distilled water and microalgae
cells were collected for inoculation and transferred to a modified artificial wastewater medium [20]. A control
group was cultivated in BG-11 medium. The experimental study was carried out in 250 mL flasks which were
inoculated with 10% inoculum of polar microalgae for 8 days (Fig 2). The cultures were cultivated in a stirred
incubator at 24 £+ 2 °C and 150 rpm. Continuous illumination was maintained during the growth of the cultures.
The pH of the cultures was 7.5- 8.5. The growth of the cultures was monitored by measuring their absorbance
using PG 60 Instrument UV-Vis spectrophotometer at 680 nm [21]. The growth rate and doubling time were
calculated by Equation 1-2. Cultivation of Antarctic microalgae in artificial wastewater was carried out in two
replicates (C. variabilis 1 and 2 at growth curves graph). At the end of the cultivation, microalgae culture was
centrifuged at 8000 rpm and the media and microalgae culture were separated for characterization studies.
w=tnin (3£) /(¢ ~ to) &)

tq = In2/p )

where; t: Time (day) w: Specific growth rate (day-1) Ao: Absorbance at t=0, A:: Absorbance at time t. tyis the
doubling time.

Table 1 Modified artificial wastewater content

Chemical components g/L
Yeast Peptone Media 5

Glucose 2

NH.Cl 0.5
KCI 0.2
NaHCOs 0.5
MgSO4+7H20 0.1
FeSO4-7H-0 0.01
NaCl 25

Characterization of microalgae and culture media

The clear water separated from the centrifuged microalgae can be proposed to be used for various purposes
such as watering the plants at the Antarctic science base. For this purpose, the pH and dissolved oxygen level
of the water were analyzed using a Hach-Lange multimeter [22].

Microalgae separated by centrifugation were dried in an oven at 60°C for one day. For the determination of
carbohydrate, lipid and protein contents of microalgae, the phenol-sulfuric acid [23], the Bligh-Dyer [24], and
the Lowry [25], methods were carried out, respectively. The change in the main compounds that was used by
microalgae was evaluated with phenol-sulfuric acid and modified Lowry method [23], [25].
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Results and Discussion

Microalgal growth in artificial wastewater

In the experimental study, it was observed that microalgae cultures grew well within 8 days in the prepared
wastewater using the components in the wastewater (Fig 2). It was observed that microalgae grew very rapidly
in the first 3 days and starts to slow down after the third day due to the pH level of the culture.

Fig 2 Monitoring the growth of Antarctic microalgae

As can be seen in Fig 3, between days 0 and 8, the absorbance increased from 0.1 to 0.48 for C. variabilis
cultures. It was determined that the microalgae cultures cultivated in artificial wastewater showed similar
growth. When the growth results were analyzed, it was found that the growth rate and doubling time of
microalgae was 0.15 day™ and 4.6 days, respectively. Although there is no study on Antarctic microalgae
cultivation in wastewater, there are many studies on temperate microalgae cultivation in different wastewater
types (Table 2). Liu et al. studied growth of Chlorella vulgaris and nutrient removal in domestic wastewater,
and reported that, the specific growth rate was found as between 0.3-0.5 day* when the culture was supplied
with air [26]. Reyimu and Ozcimen investigated the growth of Nannochloropsis oculata and Tetraselmis
suecica in  different concentrations of municipal wastewater. It was stated that,
both N. oculata and T. suecica can tolerate and utilize the wastewater and, the specific growth rate of the
cultures can up to 0.5430 d!' (75% of wastewater) for N. oculata and 0.4778 d! (25% of wastewater)
for T. suecica [27]. Similarly, Gani et al. reported that, highest biomass productivity in domestic wastewater
carried out with 0.26 day™ of specific growth rate, and a doubling time of 2.63 days. Meanwhile, the lowest
biomass productivity was observed with the lowest specific growth rate of 0.1 day and the longest doubling
time, which reached up to 7.14 day [28]. Rani et al. studied the growth of Chlorella sorokiniana in different
tertiary wastewater types (synthetic and real). It was reported that, the highest specific growth rate was found
as 0.59 day! when secondary effluent of domestic wastewater was used. As for the growth in synthetic
wastewater, the specific growth rate was calculated as 0.11 day™ [29]. Oliviera et al. analyzed the growth of
C. vulgaris in the effluent of a Biofloc Technology (BFT) system used in the Nile tilapia fingerlings farming.
It was found that specific growth rate was 0.77, 0.63 and 0.53 when the microalgae cultivated in 0, 50, and
100% BFT effluent [30]. It was found out that the specific growth rates of the microalgae species given in the
Table 2 were similar to our results, but it should be noted that some of the wastewater types had higher nutrient
concentration than the prepared artificial wastewater in this study. Moreover, the increased presence of CO»
led to higher growth rates in these studies [26].

Characterization of microalgae and culture media

After the growth of Antarctic microalgae in artificial wastewater, carbohydrate, protein, lipid, contents of the
microalgae were determined (Table 3). It was seen that, cultures grown in artificial wastewater had partially
higher protein content than control sample. By considering the usage areas of microalgae culture after grown
in wastewater such as plant growing in Antarctic Scientific Base, it was aimed to focus on protein content. In
comparison with the literature studies, it was seen that, protein content of the Antarctic microalgae grown in
artificial wastewater is similar [33, 34, 35, 36, 37]. Yet, according to the wastewater type and the nitrate content
in the wastewater, the protein content of this sample was determined to be lower than some studies. Higher
amounts of nitrate compounds in growth media led to higher protein content in microalgae [27]. The
comparison of the protein contents of Antarctic microalgae and the literature studies was given in Table 4.
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After 8 days of cultivation, it was also found that, the wastewater in which the microalgae are cultivated had a
pH of 8. The dissolved oxygen level at the end of the day was measured with a multimeter and it was observed
that the level increased from 6.2 to 7.6 mg/L. The change in the main compounds that was used by microalgae
was evaluated with phenol-sulfuric acid and modified Lowry method. It was seen that, 52% and 48% of the

glucose and protein-based compounds in the media were assimilated by microalgae.

Table 2 Specific growth rates of different microalgae species cultivated in various wastewater types

Microalgae Wastewater type Specific growth References
(day)
Botryococcus sp. Domestic 0.10-0.26 [28]
Chlorella sorokiniana Domestic 0.59 [29]
Chlorella vulgaris Domestic 0.3-0.5 [26]
Nannochloropsis oculata  Municipal 0.54 [27]
Chlorella vulgaris Nile Tilapia 1.18-1.73 [30]
Farming

Chlorella vulgaris Nitrate and Ammonium 0.31 [31]
Chlorella zofingiensis Swine 0.34 [32]
Chlorella variabilis Acrtificial 0.15 This study

Table 3 Biochemical contents of Antarctic microalgae species cultivated in artificial wastewater

Cultures Carbohydrate (%) Protein (%0) Lipid (%)
C. variabilis 1 25+1.2 33+1.4 39+1.4
C. variabilis 2 26=+1.4 28+1.6 44412
Control sample 28+1.3 21+1.2 49+1.1

Table 4 Protein contents of different microalgae species cultivated in various wastewater types

Microalgae Wastewater type Protein content (%) References
Chlorella pyrenoidosa Artificial ~50% [33]
Chlorella sorokiniana AK-1 Swine 42.2% [34]
Chlorella vulgaris Artificial (25% diluted) 50.7 % [33]
Chlorella vulgaris Hydroponic 50.5% [35]
Chlorella vulgaris Municipal 43.2% [36]
Chlorella vulgaris Municipal 35% [37]
Oscillatoria sp Municipal 32.9% [37]
Chlorella variabilis Artificial 33% This study

Conclusion

Microalgae in Antarctica, have not been discovered to a great extent; their potential in possible agricultural
areas such as crop production, food enrichment, soil protection has not been put into practice in many ways.
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There are many bioproducts fro microalgae such as biofertilizers, biostimulants, biocontrol agents and soil
conditioners that are thought to be developed for agriculture. In this study, it was aimed to investigate the
utilization of Antarctic microalgae for the treatment of wastewater occurred in Antarctic Scientific Base and
evaluation of its potential as a fertilize for plants by determining the protein content. In here, it was found that,
Antarctic microalgae can be proposed for the treatment of domestic wastewater in Antarctic bases and has a
high potential for the proposed activities by having approximately 30% of protein content. Using Antarctic
microalgae for the wastewater treatment in the Antarctica bases will provide various advantages: no
transportation of microalgae cultures to continent, utilization of cultures in compatible with continent’s
environmental conditions, in situ application. In conclusion, although experiments were conducted on a single
Antarctic species, there are dozens of microalgae species isolated only from the Antarctic region and each
microalgae species has the potential to remove wastewater as biomass.
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ABSTRACT ARTICLE HISTORY
This study estimates genetic variability and correlations among germination and Received
seedling traits conferring salinity tolerance in rice accessions. Five rice accessions were 21 July 2024
screened under salinity levels of 0, 50, 100, and 200 mM NaCl in a controlled laboratory Accepted
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setting. Traits such as germination energy, capacity, shoot and root length, and biomass
were measured. Data were analyzed for variance and correlations to assess variability

and trait relationships. Significant genetic variability was found among accessions for KEY WORDS .
all traits. Germination energy showed the highest coefficient of variation (CV) at Genetic variability,
22.29% under control conditions, while fresh shoot weight had the highest CV (34.35%) germination traits,
under 200 mM salinity. Accessions ACC2 and ACC5 consistently demonstrated higher salinity stress,
performance in germination energy (23.33 to 53.33% and 10.00 to 41.67%), salinity tolerance,
germination capacity (40.00 to 60.00% and 28.33 to 46.67%), and shoot length (0.67 to selective breeding

2.97 cm and 0.40 to 3.93 ¢cm) under various salinity stress levels. ACC1, ACC3, and
ACC4 showed more variability but maintained some consistency in specific traits, with
ACC4 generally showing lower performance across most traits. Genetic parameter
estimates indicated high heritability (>60%) for all traits, with the highest in germination
capacity (96.88%). High genetic advance (GAM) was observed for all traits (>20%),
with germination energy showing the highest (107.00%). Traits with high heritability
and genetic advance, such as germination energy, germination capacity, and root length,
suggest strong genetic control and potential for improvement through selective
breeding. Significant correlations were found between germination energy and capacity
(r= 0.89 to 0.96) and between shoot length and leaf length (r= 0.92) under stress
conditions. Stress tolerance indices identified accessions ACC2 and ACC5 as the most
tolerant, with  ACC1 showing consistent performance across traits. This study
underscores the importance of identifying resilient traits and accessions to enhance
salinity tolerance in rice, contributing to improved productivity in saline-affected
regions.

Introduction

Rice (Oryza sativa L.) is the preeminent cereal crop globally, playing a vital role in Nigeria's food landscape
and presenting a potential catalyst for economic growth in the current challenging circumstances [1]. As the
primary sustenance for over half of the world's population, rice is a cornerstone of global nutrition and the
most crucial natural energy source worldwide [2]. Rice is an excellent food source rich in vitamins, fiber, and
essential micronutrients such as vitamins, minerals, and secondary metabolites [3 — 5]. The dietary minerals in
rice include calcium, iron, magnesium, phosphorus, potassium, sodium, zinc, copper, manganese, and
selenium [6 — 9]. These minerals are crucial for maintaining human health, and their deficiencies can lead to
various pathological conditions [7, 10]. Beyond its culinary significance, rice plays a critical role in multiple
industries. It is a vital source of starch, alcoholic beverages such as rice wine, and confectionary flour [7].
Additionally, rice is integral to the pharmaceutical sector for producing phytin and vitamin B, and its oil is
extensively utilized in manufacturing soap and candles [11, 12]. Consequently, rice is established as a superior
choice for a nutritious and cost-effective energy source [13].
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Rice cultivation has a longstanding history in Nigeria, primarily led by smallholder farmers employing
rudimentary technology and traditional methods, contributing to over 80% of the national production [14]. The
adaptability of rice to diverse ecological conditions across the country, including rain-fed lowlands, irrigated
lowlands, and upland areas, further enhances its widespread growth [15]. As of 2009, Nigeria ranked 12"
globally in rice consumption, securing the 17" position in global production, the third in Africa, and the
foremost in West Africa [16]. Notably, by 2021, Nigeria emerged as Africa's leading rice producer, with a
production volume of approximately 8.3 million metric tons, surpassing Egypt and Madagascar, which
produced around 4.8 million and 4.4 million metric tons of rice, respectively [17]. Despite the abundant
potential of rice in Nigeria, challenges persist in meeting current demand and accommodating a growing
population [13]. Various constraints, encompassing climatic, economic, and environmental factors, hinder rice
production. Notably, soil salinity stands out as a significant limitation, adversely affecting the survival,
biomass production, and yield of rice—an issue posing a substantial threat to global food security [18].

Soil salinity triggers complex morphological and physiological stress in plants, leading to ion imbalance,
oxidative stress, and reduced metabolic activity, ultimately decreasing crop productivity [19, 20]. It affects
germination, growth, and overall plant vigor [19, 21]. Research shows that over 2000 million hectares of land
could become saline, with 25-30% of irrigated areas affected, and about 50% of the global population already
living in regions with severe salinity [22 — 24]. Rising salinity due to climate change, sea level rise, and poor
irrigation practices threatens to reduce agricultural lands by 50% by 2050 [23, 25].

Global efforts have focused on understanding salinity tolerance and developing salt-tolerant rice cultivars, but
the complexity of plant responses to salinity, including osmotic, ionic, and oxidative stress, makes this
challenging [26]. Given significant production losses in rice due to saline soils and climate change, cultivating
salt-tolerant upland rice in Nigeria is crucial [27]. Breeding programs rely on genetic diversity and germplasm
response to salt stress, highlighting the need to evaluate genetic variability in rice [28]. Although several salt-
tolerant rice lines exist globally [13, 29-33], many Nigerian varieties remain unexplored. Identifying salinity-
tolerant traits is essential for improving rice yields under salt-stress conditions.

The germination phase is one of the most affected by salinity in many crops, with traits like germination
percentage, root and shoot length, and dry weight negatively impacted by high salinity levels. A plant's growth
and development under salinity stress depend largely on its tolerance at the germination stage [34]. Therefore,
assessing variability in salinity tolerance traits during germination is crucial for rice breeding. Screening at this
stage is advantageous as it is quicker and ensures uniform salt distribution, offering valuable data for salinity
tolerance in crops [21].

The objectives of this study were to rigorously estimate the extent of genetic variability and elucidate the
correlations among germination and seedling traits that confer salinity tolerance in selected rice accessions.
These accessions were systematically screened under varying levels of salinity stress in a controlled laboratory
environment.

Materials and Methods

Plant materials

Five rice accessions were obtained from the National Cereals Research Institute (NCRI) in Badegi, Nigeria,
and all these accessions were affiliated with the forest transition/derived savanna Agroecology. The specific
details of each genotype are provided in Table 1.

Table 1 List of rice accessions and their origins

SIN__ Accession Origin Code
1 FARO26 NCRI, Nigeria ACC1
2 FARO16 NCRI, Nigeria ACC2
3 FARO21 Philippines ACC3
4 FAROG1 Africa Rice, Nigeria ACC4
5 FARO15 NCRI, Nigeria ACC5

Experimental procedure

In February 2023, the study was carried out at the Plant Science and Biotechnology Laboratory, Adekunle
Ajasin University, Nigeria, located at a latitude of 7.20°N, longitude of 5.44°E, and an altitude of 423 meters
above sea level. The experimental design involved a factorial experiment with a 5 x 4 treatment combination,
utilizing a completely randomized design (CRD). Uniform-sized seeds were surface sterilized in a 10% (v/v)
sodium hypochlorite (NaClO) solution for 30 minutes, followed by three rinses in distilled water. Seeds of
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each accession were exposed to sodium chloride solutions at concentrations of 0 (pH: 7.0), 50 (pH: 7.22), 100
(pH: 7.38), and 200 mM (pH: 7.51) in three replicates. Sterile plastic containers lined with two filter papers
each and soaked with 5 ml of NaCl solution were used for seed incubation in the dark for 48 hours, followed
by exposure to a photoperiod of 12 hr./12 hr. (day/night) at room temperature for three weeks.

Data Collection

During data collection, germination energy, representing the percentage of germinated seeds on day four after
sowing, was determined by dividing the number of germinated seeds by the total planted and multiplying by
100. Similarly, germination capacity, calculated on day ten, followed the same formula. Other measurements
included shoot length, assessed from the base of the plant to the first leaf at week three, and the length of the
main root per shoot, measured from the base to the tip of the taproot at the same period. Leaf length, number
of roots, and leaves per shoot were also recorded in week three. Furthermore, fresh shoot weight was
determined by separating seedlings into shoots and roots and recording the shoot weight, while fresh root
weight was measured by weighing the separated fresh roots. Dry shoot and root weights were obtained after
oven-drying plant shoots and roots for 48 hours at 60°C.

Data analysis

The data underwent analysis of variance (ANOVA) using SPSS version 21, and mean values were separated
utilizing Duncan’s multiple range test (DMRT) at a significance level of P < 0.05. Salinity tolerance indices

for all traits were determined using the stress tolerance index (STI) as per Ajayi [35] as follows: STI = %

where C, S, and GM represent the mean values for an accession under control, mean value under stress, and
grand mean over all accessions under control, respectively. Accessions were ranked into different classes of
salinity tolerance ranging from 1 (most tolerant) to 5 (least tolerant) for each trait. Genetic parameter estimates
were conducted following the methodology outlined by Ajayi et al. [36]. Pearson’s correlation analysis was
conducted using SPSS, and significance levels were compared using Pearson’s correlation Table at P < 0.05
and P <0.01.

Results

ANOVA results indicated significant differences among accessions for all traits across treatments (Table 2),
demonstrating ample genetic variability in rice accessions under differential salinity stress. In the control
treatment, germination energy showed the highest coefficient of variation (CV) at 22.29%, followed by the
number of leaves at 17.79%, with the lowest in dry root weight at 1.05%. In the 50 mM treatment, the number
of roots per shoot exhibited the highest CV (33.83%), while root length had the lowest (4.31%) (Table 2).
Similarly, the 100 mM treatment showed the highest CV in the number of roots (32.07%) and germination
capacity (28.2%), while fresh shoot weight had the lowest (1.09%). However, in the 200 mM treatment, fresh
shoot weight had the highest CV (34.35%), while the number of leaves had the lowest (1.922%). Across all
factors, accession, treatment, and their interaction, significant effects were observed for all traits, with the
highest CV in the number of roots (7.21%) and the lowest in fresh root weight (0.44%).

Table 3 displays mean trait values under control and salinity stress (50, 100, 200 mM). In the control, ACC1
and ACC2 had the highest germination energy (28.33%), while ACC4 had the lowest (6.67%). Across stress
levels, ACC2 consistently showed the highest germination capacity (40% to 51.67%), while ACC4 had the
lowest (11.67% to 5%). Shoot length's highest mean was 3.73 cm in ACC1 under control and varied from 1.01
cm (ACC1, 200 mM) to 3.93 cm (ACC5, 50 mM) under stress. ACC1 and ACC5 had the highest mean root
lengths under control and 50 mM, while ACC4 had the lowest. The number of leaves varied, with ACC1
having the highest under control and ACC4 the lowest across stress levels. Leaf lengths peaked at 8.13 cm
(ACCS5, control) and dropped to 0.13 cm (ACC5, 200 mM). ACCS5 consistently had the highest root lengths,
peaking at 10.93 cm (control) and 7.93 cm (50 mM). Fresh root weights ranged from 0.005 g (ACC1, control)
to 0.001 g (ACC4, 200 mM). ACC1 consistently had the highest dry root weights, while ACC4 had the lowest
across conditions. Dry shoot weights ranged from 0.05 g (ACCS5, control) to 0.001 g (ACC4, stress conditions).
Table 4 summarizes the stress tolerance indices (STI) and accession ranks based on germination traits of rice
accessions. ACC2 excelled under 50 mM stress, with high values in germination energy (2.49) and germination
capacity (2.70), while ACC5 performed well in root length (1.53) and shoot length (1.37). Under 100 mM
stress, ACC2 maintained strength, while ACC5 exhibited resilience, particularly in germination energy (2.51)
and number of roots (1.46). ACC1 consistently performed well, especially in dry root weight (1.16) and
germination capacity (1.31). Under 200 mM stress, ACC2 showed resilience, ACC5 displayed adaptability,
and ACC1 exhibited moderate performance. Overall, ACC2 and ACC5 demonstrated strong tolerance across
stress levels, while ACC1 showed consistent performance, indicating potential resilience to salinity stress in
rice accessions.
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Table 2 Mean square values of germination and seedling traits of rice accessions screened under differential salinity stress

Source

of

variatio D  GE GC  sL LL  RL FRW  FSW

n F (%) (%) (cm) NL NR (cm) (cm) (9) (9) DRW (g) DSW (g)

Combin

e

Accessi 18928 22697 2067 060 2897 9.856 0.00075 0.00029  0.000051

A B o pr 080 2 856 g 5g5x 000 0 C 0.000014*

Treatm 12932 68486 2326 388 5215 87.45 10075 0.000098

R B 4 226 388 9215 8145 10T oo0ar  0.003* C 0.000061*
1 20602 72014 0525 023 8475 3.155 . 000039 000011 0.000018 0.0000003

Error 6‘ 37817 36667 0082 02 2267 0385 0505 0 0 0 0'00%0001

CV (%) 6767 498  2.889 2'31 7213 3825 4165 0663 0439 1719

Control

Accessi |, 23750 ..., 0924 043 1093 6152 14659 000018 000024 0000092 00000041

Error é 23333 28333 0014 02 06 0126 0509 0'0%002 O'O%OOZ 0'033000 0.0000006

CV (%) 2229 924 568 1;'7 119 613 948 12 135 1.05 1.54

50 Mm

g\r::cesa . 5276’.(66 733;00 1158 0(')10 2%.30 4500 3908* o0oog7 000017 0.000008 0.0023005
1 0.13 0.00001  0.000000 0.0000001

Error - 41667 45 0061 3% 44 0979 0081 000026 O000 o )

CV (%) 2128 2033 7.6 172 3383 1883 431 448 1064 4.68 5.77

100

mM

Accessi 12967 80000 1346 026 1643 8.154 0.00002 0.00012  0.000000

- 4 120 0 e 0% 16 >4 asrse 000 pos e 0.000014*
1 0.13 0.00003 0.00001 0.000000 0.0000005

Error 66267 38333 0161 °.° 3467 0454 1103 0% % 0 )

CV (%) 282 1636 1423 1%'3 3207 15 24 2033 1.09 1031 12.36

200

mM

Accessi , 45000 57333 0214 050 4933 0414 . 000001 0.00006 0.000000 00000000

on * 8 * * * x 410 02* 86* 23% 27%
1 0.00002  0.00001 0.000000 0.0000000

Error o 20 35 0096 033 06 0011 0327 O%F o e x

CV (%) 447 2611 48 43 3117 1923 3373 6429 3435 26 26

*: Significant at P < 0.05. DF: Degree of freedom; CV: Coefficient of variation
GE: Germination energy; GC: Germination capacity; NL: Number of leaves; SL: Shoot length; NR: Number of roots;
RL: Root length; LL: Leaf length; FSW: Fresh shoot weight; FRW: Fresh root weight; DRW: Dry root weight; DSW:
Dry shoot weight.

Table 3 Mean performance of germination and seedling traits of rice accessions screened under differential salinity

stress

Access

ion/ GE GC SL NL NR LL RL FRW FSW DRW DSW

Treat (%) (%) (cm) (cm) (cm) (@ (@ )] ()]

ment

Contro

|

ACC1 28.33+3  30.00£2 3.73+0 3.00£0. 9.00+£0. 5.90+0. 6.30+0. 0.04+0.0 0.50+0. 0.02+0. 0.006%0
.33b .89be .06°¢ 100 58d 23b 572 020 006° 006° .006P

ACC2 2333+1 40.00£2 2.53+0 2.33+0. 7.33+0. 4.70+0. 7.37+0. 0.036+£0. 0.04+0. 0.01+0. 0.006%0
67° .89¢ .032 33 33¢ 208 220 0022 0032 00 .00P

ACC3 21.67+#4 21.67+4 3.5320 2.00£0. 6.67+£0. 5.67£0. 7.97+0. 0.03£0.0 0.04+£0. 0.005£0 0.004+0
410 410 .06¢ 0012 330 23b 62°¢ 032 00 .0012 .002
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ACC4 6.67+1. 11.67+1 2.80+0 2.67+0. 4.00+0. 4.47+0. 5.03£0. 0.05+0.0 0.03+0. 0.004+0 0.004+0
672 672 .10 332 582 062 292 01¢ 0022 0012 .002
ACCS 28.33+1 35.00+£2 3.70£0 2.67+£0. 5.33+0. 8.13+0. 1093+  0.05£0.0 0.05+0. 0.004+0 0.05=+0.
67° .89¢ .05¢ 332 33 24¢ 0.124 05¢ 001¢ 0032 002>
Grand 21.67+42 27.67£2 3.26+0 2.53+0. 6.47+0. 5.79+0. 7.52+0. 0.04+0.0 0.04+0. 0.08=+0. 0.05=+0.
mean 37 .92 13 13 49 24 55 02 0025 0015 0003
50 mM
ACC1 21.67+4 20.00+£5 3.13x0 2.33+0. 5.33+£0. 5.47+£0. 5.07£0. 0.04+0.0 0.03+0. 0.01=0. 0.007+0
4172 .00 130 332 882 743bc 072 072 0092b 001 .001°
ACC2 50.00+2 51.6744 2.70+£0 2.33+0. 5.33+1. 4.07+0. 6.50+£0. 0.02+0.0 0.02+0. 0.01+0. 0.007+0
.89¢ A41¢ .06 332 332 3902 06P 112 0042 000QP .001°
ACC3 26.67+£3  30.00+2 3.87+0 2.00£0. 7.00+£1. 6.03£0. 6.03+0. 0.04+0.0 0.03+0. 0.001£0 0.004+0
.33% .89p .20¢ 002 152 58be 22b 022 0012b 0012 002
ACC4 16.67+£3 16.67+£3 2.63+0 2.00+£0. 3.00+0. 4.27+0. 7.47+0. 0.02+£0.0 0.03=+0. 0.003£0 0.004+0
332 332 192 002 582 73 27¢ 022 005@b 0002 .001°
ACC5 36.67+4 46.67+£3 3930 2.00+0. 10.33+  7.03+0. 7.93+0. 0.07+£0.0 0.0440. 0.01=0. 0.005+0
41 33 07°  00° 1760  24° 07¢ 160 006°  000°  .001°
0.006+0
Grand 30.33#3 33.00#4 3.25+#0 2.13+0. 6.20+0. 5.37+0. 6.60+0. 0.36+0.0 0.03%0. 0.006+:0
mean A7 .02 .16 91 26 37 28 1 003 .003 0'0
Access
ion/ GE GC SL LL RL FRW DRW
Treat () (%) (m N My em @ PWO g DSWE
ment
100
mM
ACC1 17.67+4 33.33+1 2.37+0. 2.33+ 6.33+1 3.07£0 2.80+£0. 0.026+0. 0.037+0. 0.004+0. 0.008=+0.
330 67° 26 0.332 200 282 582 0042b 002bc 0002 0012
ACC2 53.33+4 60.00£2 2.97+0. 2.00+ 8.33+1 4.87+0 5.10+0. 0.037£0. 0.03+£0.0 0.005+0. 0.006=0.
414 .89¢ 12bc 0.002 200 7P 70bP 002bc 032 0012 002@b
ACC3 31.67+7 40.00+£5 3.63+0. 2.00+ 5.67£0 6.27+0 3.83+0. 0.034+0. 0.044+0. 0.004+0. 0.004=+0.
.26b¢ T7° 29¢ 0.00? .88b 37¢ 75% 002bc 002¢ 0012 0028
ACC4 0.00+0. 15.00£0 1.93+0. 2.00+ 2.00£0 2.60£0 5.40+0. 0.015£0. 0.028+0. 0.003+0. 0.0037+
002 .002 272 0.00? .00? 262 29b 0032 0012 0002 0.0022
ACCS 41.6744 43.33+4 3.17=+0. 2.67+ 6.67+1 5.90+0 5.03+0. 0.039+0. 0.042+0. 0.003=+0. 0.0083+
41¢d A41b 17¢ 0.332 45 .64bc 60P 005¢ 003¢ 0012 0.001°
Grand 28.87+5 38.33+4 2.81+0. 2.20+ 5.80+0 4.54+0 4.43+0. 0.03£0.0 0.37+£0.0 0.004=+0. 0.006=+0.
mean .28 13 18 0.11 .69 42 35 03 02 000 001
200
mM
ACC1 0.00+0. 15.00£0 1.03+0. 2.00+ 2.33+0 1.13+20 3.37+0. 0.016+0. 0.017+0. 0.003+0. 0.001+0.
002 .00 37b 0.58?2 67 .09¢ 244 001° 001¢ 001¢ 002
ACC2 30.00+£5 41.67+6 0.67+0. 1.33+ 433+0 0470 1.43+0. 0.007£0. 0.013+£0. 0.002+0. 0.002+0.
T7¢ .01d 132 0.332 .33¢ .09P 26h° 0032 003be 00QP 002
ACC3 10.00+£0 23.33+1 0.77+0. 1.33+ 3.00£0 0.37+0 1.13£0. 0.004+0. 0.006+0. 0.0023+ 0.002+0.
.00 .67bc 88 0.332 .0Qpe .03b 18 0032 0032 0.00bc 002
ACC4 0.00+0. 5.00+£0.  0.40%0. 1.00+ 1.00+0 0.50+0 0.10+0. 0.001+0. 0.01120. 0.001=0. 0.001+0.
002 002 0002 0.00? .00? .00P 002 002 002> 0002 002
ACC5 10.00+0 28.33+4 0.40+0. 1.00+ 1.67+0 0.13+0 2.434+0. 0.008+0. 0.007+0. 0.001=0. 0.001+0.
.00 410 062 0.00? 67 .092 62¢d 004g2b 0028b 0002 002
Grand 10.00£3 22.67+3 0.65+0. 1.33+ 2470  0.52+40 1.69+0. 0.007£0. 0.01£0.0 0.002+0. 0.002=+0.
mean .09 .55 09 0.16 .35 .09 32 0017 01 000 000

Mean values followed by the same superscript within a column are not significantly different from one at P < 0.05
significance level using DMRT.GE: Germination energy; GC: Germination capacity; NL: Number of leaves; SL: Shoot
length; NR: Number of roots; RL: Root length; LL: Leaf length; FSW: Fresh shoot weight; FRW: Fresh root weight;

DRW: Dry root weight; DSW: Dry shoot weight.
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Table 4 Stress tolerance indices (STI) and (accession rank) based on germination and seedling traits of rice accessions
screened under differential salinity stress

Accession/Treatment GE GC NL SL NR RL LL FSW FRW DRW DSW

50 mM
131 078 109 1.10 115 056 096 1.00 0.86 0.81 0.35

ACC1 G @& O & @ @ & @ (2) (1) (2)

249 270 085 064 094 085 057 045 042 0.32 0.43

ACC2 @ma O @ @ @ @ 6 06 5) (2) 1)

123 085 062 129 112 085 1.02 0.73 0.69 0.19 0.32

ACC3 @ 6 @ @ 6 0 0 & & & O

024 025 083 069 029 066 058 047 047 0.06 0.21

ACC4 ® 6 @ 6 6 @ @ @ @ @ 6

221 213 083 137 132 153 170 1.23 1.93 0.06 0.27

ACC5 2 @ @& O @ O @ @ 1) 4) 4)

Grand mean 150 134 084 1.02 096 0.89 097 0.77 0.87 0.29 0.32
100 mM

107 131 109 083 136 031 054 115 0.64 1.16 2.09

ACC1 @ & @ 6 @ 6 G O (3) 1) 1)

265 314 073 071 146 066 0.68 079 0.75 0.81 1.65

ACC2 @ O @ @ O @ & @ (2) (2) 3)

146 113 062 121 090 054 106 1.06 0.62 0.30 0.64

ACC3 @ @ 6B GO 6 & @ 6 4) 3) 4)

0 0.23 083 051 019 048 035 050 043 0.17 0.58

ACC4 G B @ & 6 @ 6 6 (5) (5) (5)

251 198 1.11 110 085 097 143 1.29 1.07 0.20 1.69

ACC5 Q@ @ @3 @ @ O @ @ 1) 4) (2)

Grand mean 154 156 088 0.87 095 059 081 096 0.70 0.53 1.33
200 mM

00 059 093 036 050 038 020 054 0.40 0.81 0.35

ACC1 g 6 O O @ @ O O 1) 1) (2

149 218 048 0.16 076 0.19 0.07 0.28 0.15 0.32 0.43

ACC2 @“@a o @ & O & @ O (3) (2) (1)

046 066 042 025 048 0.16 0.06 0.13 0.07 0.19 0.32

ACC3 B & B @ & @ & 06 4) 3) 3)

0.0 008 042 011 0.0 0.01 007 019 0.03 0.06 0.21

ACC4 @ @ & 6 6 6 @ @ (5) 4) (5)

0.60 1.30 042 0.14 021 047 003 021 0.23 0.06 0.27

ACC5 2 @ @ @4 & O @#H @ (2) ©) 6]

Grand mean 051 096 053 020 041 024 009 027 0.18 0.29 0.32

GE: Germination energy; GC: Germination capacity; NL: Number of leaves; SL: Shoot length; NR: Number of roots; RL:
Root length; LL: Leaf length; FSW: Fresh shoot weight; FRW: Fresh root weight; DRW: Dry root weight; DSW: Dry shoot
weight.

Table 5 presents the combined rank sum (RkSum), rank means (RkMean), and standard deviation of ranks
(SDRK) among rice accessions under varying salinity stress. ACC1, ACC2, and ACC5 exhibited lower RkSum
and RkMean values (< grand mean), indicating high tolerance to stress. Conversely, ACC4 had higher values,
suggesting susceptibility to stress.

Table 6 presents combined estimates of genetic parameters for germination traits among rice accessions under
varying salinity stress. Across traits, germination capacity exhibited higher GV (186.09), PV (192.09), and
heritability (96.88%) suggesting a stronger genetic component influencing the trait. Except for the number of
leaves, all traits showed moderate to high variability with GCV and PCV ranging from the lowest (15.54 and
18.50%) in fresh shoot weight to the highest (54.73 and 57.69%) in germination energy indicating considerable
phenotypic variability among accessions. High broad-sense heritability was observed in all traits ranging from
61.22% in root length to 96.88% in germination capacity, indicating the proportion of total variation
attributable to genetic factors and the degree of genetic control over traits. Genetic advance ranged from 0.002
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in dry shoot weight to 27.66 in germination capacity, while GAM ranged from 14.82% in the number of leaves
to 107.00% in germination energy, indicating the relative improvement potential.

Table 5 Combined rank sum (RkSum), rank means (RkMean), and standard deviation of ranks (SDRK) among rice
accessions screened under deferential salinity stress

Accession RkSum RKkMean SDRk
ACC1 79 3.59 1.30
ACC2 82 3.73 1.30
ACC3 103 4.68 0.93
ACC4 143 6.50 0.85
ACC5 75 3.41 1.28
Grand mean 96.40 4.38 1.13

In bold: Highly tolerant (values < grand mean); highly susceptible (values > grand mean)

Table 7 summarizes Pearson’s correlation analysis for germination and seedling traits under differential
salinity stress. Germination energy showed strong positive correlations with germination capacity under 50
mM (0.89*) and 100 mM (0.96**) salinity stress. The number of leaves correlated highly positively with shoot
length (0.88*) under 200 mM salinity stress. Additionally, shoot length was strongly correlated with leaf length
(0.92*) under 100 mM salinity stress, while root length showed a strong positive correlation with fresh root
weight (0.87*) under 200 mM salinity stress.

Table 6 Combined estimates of genetic parameters of germination and seedling traits among rice accessions screened
under deferential salinity stress

GCV  PCV  H®B GAM
Trait GM GVT GV PV (%) (%) (%) GA (%)
GE 22.72 56.07 154.58 17175 5473 57.69  90.00 2430  107.00
GC 30.42 11.78 186.09 192.09 4485 4557  96.88  27.66  90.93
NL 2.05 0.01 0.03 0.05 900 1126 6391  0.30 14.82
sL 2.50 0.15 0.17 0.21 1630 1833  79.07  0.74 29.85
NR 5.23 2.07 2.22 2.93 2851 3272 7591  2.68 51.17
RL 5.06 1.75 0.76 1.24 1719  21.96 6122  1.40 27.70
LL 4.06 0.90 0.79 1.05 2190 2528 7501  1.59 39.07

FSW 0.03 0.00002 0.00002 0.00003  15.54 18.50 70.53 0.01 26.88

FRW 0.03 0.0001 0.00006 0.00001  25.62 32.39 62.59 0.01 41.76

DRW 0.005 0.000005 0.000004 0.000006 41.94 49.29 72.43 0.004 73.53

DSW 0.004 0.0000005 0.000001 0.00001 22.14 25.16 77.40 0.002 40.12
GM: Grand mean; GVT: Genotype x treatment variance; GV: Genotypic variance; PV: Phenotypic variance; GCV:
Genotypic coefficient of variation; PCV: Phenotypic coefficient of variation; H?B: Broad sense heritability; GA: Genetic
advance; GAM: Genetic advance as percent over mean; GE: Germination energy; GC; Germination capacity; NL:
Number of leaves; SL: Shoot length; NR: Number of roots; RL: Root length; LL: Leaf length; FSW: Fresh shoot weight;
FRW: Fresh root weight; DSW: Dry shoot weight, and DRW: Dry root weight.

Discussion

Increasing salt tolerance is crucial for enhancing the growth, development, and yields of crops on saline soils
and for reintroducing cropping on salinized lands [36]. Screening and identifying salinity-tolerant traits in rice
are essential for developing salt-tolerant cultivars and improving yields under salt-stress conditions [21]. The
germination phase, significantly affected by salinity, is critical for plant performance under stress [32]. Traits
such as germination percentage, root and shoot length, and dry weight are negatively impacted by high salinity
levels. Understanding the variability of these traits among rice genotypes during germination and seedling
stage is vital for breeding salinity-tolerant rice. Screening at the germination and seedling stage is efficient and
ensures even salt distribution, unlike pot and field techniques, providing valuable data for salinity tolerance
[21]. Several studies have shown that using germination and seedling traits for screening can effectively
identify genotypes for further field evaluation [36].
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The observed significant genetic variability among rice accessions in response to different salt treatments
suggests that there is potential for breeding salinity-tolerant rice varieties. Traits such as germination energy,
number of roots, and overall root characteristics displayed notable variability, indicating that these traits could
be targeted in breeding programs to enhance salinity tolerance. The significant interaction between accession
and treatment for all traits indicated that accessions performed differently under varying salinity conditions,
similar to findings reported in rice [37]. By critically observing the performance of accessions across
treatments, it was found that while lower concentrations of salinity enhanced the performance of tolerant
accessions, increased salt concentration generally reduced seed germination, seedling growth performance,
and overall seedling biomass similar to findings in sunflowers [36], wheat [38], and rice [39]. The observed
trends in the response of various traits to salinity stress conditions provide valuable information for breeding
salinity-tolerant rice varieties. Resilient accessions, such as ACC1, ACC2, and ACC5, consistently excel in
crucial traits like germination energy and capacity, shoot length, root characteristics, and overall plant health.
These accessions demonstrate high performance across multiple traits, underscoring their potential as key
contributors to salinity tolerance. This study emphasizes the importance of trait-specific responses, enabling
targeted breeding efforts to enhance characteristics crucial for plant resilience under stress, including
germination, shoot length, and root development. By quantifying the impact of salinity on each trait and
prioritizing resilient accessions, breeding strategies can be fine-tuned to develop rice varieties with improved
overall salinity tolerance efficiently.

Table 6 Combined estimates of genetic parameters of germination and seedling traits among rice accessions screened
under deferential salinity stress

GCV PCV  HB GAM
Trait GM GVT GV PV (%) (%) (%) GA (%)
GE 22.72 56.07 154.58 17175 5473  57.69  90.00 2430  107.00
GC 30.42 11.78 186.09 192.09 4485 4557  96.88  27.66  90.93
NL 2.05 0.01 0.03 0.05 900 1126 6391  0.30 14.82
sL 2.50 0.15 0.17 0.21 1630 1833  79.07  0.74 29.85
NR 5.23 2.07 2.22 2.93 2851 3272 7591 268 51.17
RL 5.06 1.75 0.76 1.24 1719 2196 6122  1.40 27.70
LL 4.06 0.90 0.79 1.05 2190 2528 7501 159 39.07

FSW 0.03 0.00002 0.00002 0.00003 15.54 18.50 70.53 0.01 26.88
FRW 0.03 0.0001 0.00006 0.00001  25.62 32.39 62.59 0.01 41.76
DRW 0.005  0.000005  0.000004 0.000006 41.94 49.29 72.43 0.004 73.53

DSW 0.004 0.0000005 0.000001  0.00001 22.14 25.16 77.40 0.002 40.12
GM: Grand mean; GVT: Genotype x treatment variance; GV: Genotypic variance; PV: Phenotypic variance; GCV:
Genotypic coefficient of variation; PCV: Phenotypic coefficient of variation; H?B: Broad sense heritability; GA: Genetic
advance; GAM: Genetic advance as percent over mean; GE: Germination energy; GC; Germination capacity; NL:
Number of leaves; SL: Shoot length; NR: Number of roots; RL: Root length; LL: Leaf length; FSW: Fresh shoot weight;
FRW: Fresh root weight; DSW: Dry shoot weight, and DRW: Dry root weight.

Salinity stress has been reported to inhibit seed germination, decrease plant growth and development, and
hinder the survival of seedlings. According to Ali et al. [40], the toxic effects of salinity likely caused a
significant reduction in germination and seedling trait performance among sensitive accessions, leading to
disrupted photosynthesis and increased respiration. This results in a shortage of assimilates essential for the
proper growth and development of critical organs, potentially halting growth entirely. According to Zafar et
al. [41], salinity decreases radicle and plumule growth, worsened at higher levels, by reducing water absorption
and osmotic potential, thus hindering cell division and differentiation. It negatively impacts plumule, radicle,
biomass, and physiological indices due to ionic toxicity, nutrient uptake issues, and reduced enzyme and
hormone biosynthesis. During germination, salinity damages cell membranes, increasing permeability,
replacing Ca?* with Na*, and causing K+ leakage, disturbing osmotic balance. According to Zhang et al. [21],
salt stress damages cell membranes during seed imbibition, increasing permeability and impairing function.
This reduces seed germination, energy, and capacity. Intracellular K* and Na* exosmosis rise, while amylase
activity and soluble sugar content drop, delaying starch hydrolysis and causing starch grains to cluster in rice
seed storage tissues. Protease activity, protein conversion rate, and dry matter consumption decrease,
increasing residual protein in the aleurone cytoplasm.
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Table 7 Pearson’s correlations among germination traits of rice accessions screened under defferential salinity stress

Trait  Treatment GE GC NL SL NR RL LL FSW FRW DRW  DSW
GE Control 1 0.79 0.02 0.52 0.57 0.53 0.52 0.82 0.23 041 0.46
50 1 0.89* 0.22 0.04 0.26 0.15 -0.01 -0.29 0.04 0.39 0.42
100 1 0.96** 0.11 0.57 0.78 0.26 0.65 0.38 0.81 0.39 0.28
200 1 0.85 -0.19 -0.09 0.71 -0.06 -0.30 -0.15 -0.05 0.00 0.23
GC Control 1 -0.07 0.02 0.42 0.46 0.29 0.49 -0.27 0.32 0.66
50 1 0.05 0.21 0.45 0.32 0.22 0.01 0.38 0.31 0.2
100 1 0.00 0.49 0.77 0.09 0.55 0.29 0.80 0.44 0.27
200 1 -0.02 0.02 0.68 0.28 -0.35 -0.09 0.25 0.05 0.39
NL Control 1 0.19 0.09 -0.17 0.09 0.15 0.55 0.23 0.18
50 1 -0.10 -0.22 -0.29 -0.34 -0.61 -0.41 0.31 0.66
100 1 -0.01 0.43 -0.08 0.05 0.19 0.22 0.20 0.17
200 1 0.88* 0.31 0.33 0.55 0.68 0.37 0.46 0.29
SL Control 1 0.23 0.44 0.74 0.69 0.08 0.11 -0.09
50 1 0.71 0.08 0.82 0.37 0.64 0.09 -0.09
100 1 0.39 0.004  0.92* 0.79 0.55 0.19 0.04
200 1 0.43 0.28 0.53 0.56 0.39 0.63 0.26
NR Control 1 -0.01 -0.02 0.52 -0.39 0.83 0.58
50 1 0.26 0.69 0.42 0.70 0.29 -0.07
100 1 -0.06 0.34 0.29 0.57 0.57 0.33
200 1 0.09 0.04 0.19 0.05 0.39 0.44
RL Control 1 0.83 0.58 -0.09 -0.23 0.01
50 1 0.14 0.2 0.27 -0.25 -0.43
100 1 0.09 -0.23 0.03 0.01 -0.27
200 1 0.42 0.37 0.87* 0.38 -0.04
LL Control 1 0.64 0.22 -0.16 -0.05
50 1 0.56 0.67 0.12 -0.08
100 1 0.79 0.62 0.01 0.12
200 1 0.71 0.52 0.58 -0.1
FSW  Control 1 -0.07 0.51 0.35
50 1 0.78 0.19 -0.3
100 1 0.51 0.09 0.32
200 1 0.55 0.49 -0.09
FRW  Control 1 -0.19 -0.12
50 1 0.26 -0.22
100 1 0.31 0.19
200 1 0.47 -0.09
DRW  Control 1 0.55
50 0.77
100 1 -0.27
200 1 0.01
DSW  Control 1
50
100 1
200 1

*: Significant at P < 0.05; **: Significant at P < 0.01
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GE: Germination energy; GC: Germination capacity; NL: Number of leaves; SL: Shoot length; NR: Number of roots; RL: Root length; LL: Leaf length;
FSW: Fresh shoot weight; FRW: Fresh root weight; DRW: Dry root weight; DSW: Dry shoot weight.
LL: Leaf length; FSW: Fresh shoot weight; FRW: Fresh root weight; DRW: Dry root weight; DSW: Dry shoot weight.

Consequently, rice seedlings show stunted shoot and root length, number of roots, fresh plant weight, and
seedling vigor index. Therefore, identifying specific genotypes with favorable traits under different salt
concentrations provides valuable information for developing rice varieties that can thrive in varying salinity
conditions, contributing to the resilience and productivity of rice crops in salt-affected regions.
Understanding the genetic variability and heritability of germination and seedling traits allows for focused
efforts on traits that offer the greatest potential for improvement. The results from estimates of genetic
parameters of germination and seedling traits under differential salinity stress have several implications in
breeding for salinity tolerance in rice such as identifying high-performing traits, targeted breeding efforts,
utilization of genetic resources, and accelerated breeding programs. In the present study, all traits consistently
exhibited a high level of genetic variability under varied salinity stress except the number of leaves, shoot
length, root length, and fresh shoot weight with low to moderate variability. Traits with high heritability and
high genetic advance as a percent of the mean (GAM) such as germination energy, germination capacity, shoot
length, number of roots, leaf length, fresh shoot and root weights, and dry shoot and root weight indicate
additive gene effects and their suitability for targeted breeding. Mohammadi et al. [42] reported high broad-
sense heritability estimates for seven seedling traits in rice, with high values for salinity score and shoot height,
moderate values for shoot and root dry weight, and low values for Na*, K*, and K*/Na* ratio, indicating varying
levels of genetic and environmental influence. Hence, breeders can prioritize these traits for selection to
develop rice varieties with improved salinity tolerance. In a similar study on the rice recombinant inbred line
(RIL) population [25] evaluated under salinity stress based on seed germination traits, it was reported that
these traits are controlled by two or three major genes plus polygenes, with major genes exhibiting high
heritability values. By selecting germination traits with high heritability and GAM, breeders can expedite the
development of salinity-tolerant rice varieties. Accessions such as ACC1, ACC2, and ACC5 exhibiting
favorable trait performance under varied salinity stress will serve as valuable genetic resources for the breeding
program. They can be used as parents in breeding crosses to introduce salinity tolerance into elite rice varieties.
Employing germination trait STIs and ranking genotypes also have multifaceted implications for breeding
salinity-tolerant rice varieties. These include the identification of high-performing accessions exhibiting higher
STIs and superior rankings which can serve as valuable genetic resources, targeted selection of parental
breeding lines, accelerated breeding programs, enhanced breeding strategies, and improved crop resistance
thereby contributing to sustainable agriculture and food security in salinity-affected regions. One of the biggest
strengths of STI is its capacity to pinpoint high-performing and consistent genotypes under both normal and
stressed conditions an attribute that has been proven successful in several crops such as rice for salinity
tolerance [36], and cowpea for aluminum stress [38]. Also, the effectiveness of various salt tolerance indices
has been reported in several crop species [40, 42, 43]. Based on the rankings of accessions in the results, where
1 indicates a high ranking and above-average performance of trait across salinity stress conditions and 5
indicates high susceptibility, ACC2, ACC1, and ACC5 were pinpointed as highly tolerant which may be
utilized in a breeding program. At the same time, ACC3 and ACC4 were highly susceptible. The tolerant
accessions may be used as tolerant breeding stock for further crop improvement programs.

The considerable connections between germination and seedling characteristics at various degrees of salt stress
have many major implications for developing saline-tolerant rice varieties. Strong positive associations
between germination energy and germination capacity, especially under low to moderate salt stress, suggest
that selecting for high germination energy can enhance overall germination success in saline conditions. This
finding is consistent with reports by Zhang et al. [23] and Ding et al. [43]. Breeders should prioritize rice lines
with high germination energy due to its strong correlation with germination capacity, crucial for seedling
establishment in salty environments. Additionally, the significant link between the number of leaves and shoot
length under high salt stress indicates that plants continuing vegetative growth (more leaves and longer shoots)
are better adapted to high-salinity conditions. Selecting rice cultivars that produce more leaves and longer
shoots under severe salt stress may improve plant resistance and overall development in saline soils. Moreover,
the strong association between shoot length and leaf length under salt stress implies that longer shoots
correspond to longer leaves, potentially enhancing light uptake and photosynthetic efficiency. Breeding for
longer shoots may indirectly select for longer leaves, boosting the plant's ability to thrive under mild salt stress
through increased photosynthetic capacity and growth. Lastly, the substantial correlation between root length
and fresh root weight under severe salt stress suggests that longer roots accumulate more biomass, improving
water and nutrient uptake in saline environments. Focusing on root traits such as root length and fresh root
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weight can enhance salt tolerance, as plants with robust root systems are more efficient at absorbing water and
nutrients, providing a significant advantage in saline soils. These results align with findings by Zhang et al.
[23] in rice and Wu et al. [34] in oilseed rape. Therefore, breeding programs should take a holistic approach,
selecting for high germination energy, vigorous vegetative development (more leaves and longer shoots), and
strong root systems. Understanding trait correlations enables breeders to pick numerous desirable qualities
simultaneously, increasing breeding program efficiency. The differences in responses under differing salt
levels highlight the necessity for focused breeding techniques adapted to specific salinity circumstances (for
example, moderate vs. high salinity). By focusing on these essential qualities, breeders can create rice varieties
better suited to establishing, growing, and producing yields under salty circumstances, thereby contributing to
food security in salinized areas.

Conclusion

This study successfully estimated genetic variability and correlations among germination and seedling traits
conferring salinity tolerance in rice. Screening five rice accessions under various salinity levels in a controlled
laboratory setting revealed significant genetic variability across all traits. Notably, germination energy and
fresh shoot weight exhibited the highest coefficients of variation under control and 200 mM salinity conditions,
respectively.

Accessions ACC2 and ACC5 consistently outperformed others, showing higher values for germination energy,
germination capacity, and shoot length under different salinity levels. In contrast, ACC4 generally showed
lower performance, indicating higher susceptibility to salinity stress. Estimates of genetic parameters indicated
high heritability and genetic advance for all traits, with germination capacity and germination energy standing
out, suggesting strong genetic control and potential for improvement through selective breeding. Significant
correlations between germination energy and capacity, as well as between shoot length and leaf length under
stress conditions, were observed. Stress tolerance indices further identified ACC2 and ACC5 as the most
tolerant accessions, highlighting their potential for breeding programs aimed at enhancing salinity tolerance in
rice.

This study underscores the importance of identifying resilient traits and accessions to improve salinity
tolerance in rice, ultimately contributing to increased productivity in saline-affected regions.
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ABSTRACT

English Lavender (Lavandula angustifolia) is considered one of the major sources of
aromatic and pharmaceutical plants, as well as a source of several volatile organic
compounds (VOCs). This aromatic plant has been widely studied for its diverse range
of applications in the healthcare, cosmetic, and food industries. A critical literature
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review (CLR) and bibliometric analysis of the Scopus and PubMed databases were
conducted, focusing on extracting and analyzing metadata related to publication trends,

influential authors and institutions, and the thematic focus of the existing literature. This KEYWORDS
study reveals three major findings: spikes in research publications in 2006, 2014, and Lavender,
2020, suggesting heightened interest on L. angustifolia research during these periods; CLR, o
significant contributions from the United States, Iran, and China, with prominent L. angustifolia,
institutions like CNRS and Tehran University of Medical Sciences reflecting its global \e/zsse?/tig/lv g;lS,

and multidisciplinary appeal; and a wide range of scientific applications, particularly in
agricultural sciences, medicine, and biochemistry, with a strong emphasis on peer-
reviewed papers and reviews. The study concludes that utilizing VOS-viewer software
for bibliometric analyses plays a pivotal role in identifying novel works and
collaboration networks, thereby guiding future research directions. This comprehensive
analysis underscores L. angustifolia 's significant and evolving impact across various
scientific fields.

Introduction

Medicinal plants have historically provided useful natural chemicals with diverse medicinal qualities.
Researchers are using in vitro approaches to address the increasing demand for herbal medicines and the
decreasing availability of these plants. The growing demand for herbal medicines and the dwindling supply of
these plants have driven researchers to explore alternative methods of propagation and cultivation, including
in vitro techniques [4, 22]. Lavandula angustifolia, sometimes referred to as English lavender, is a plant that
has immense significance in terms of its medical and commercial value. Given its wide geographical range
and its valuable attributes in terms of decoration, pharmaceutical, and fragrance, this species contributes
significantly to the economies of many countries. In vitro production of L. angustifolia has been documented
as a successful technique to produce many genetically identical plantlets, which may be used to produce
valuable bio chemicals [28].

L. angustifolia, sometimes referred to as English lavender, is a very adaptable plant that has attracted
considerable interest across several sectors, including horticulture, medicine, and cosmetics. It has a total of
32 species, along with other infraspecific taxa and hybrids [23]. L. angustifolia originates from the
Mediterranean area, has a significant historical background of customary use, and has subsequently emerged
as an essential component in contemporary applications, highlighting its versatile array of advantages.
Moreover, L. angustifolia has been highly valued in the field of horticulture for its visual attractiveness and
pleasant scent. The plant's vivid purple blossoms and subtle scent make it a favored option for landscaping,
garden beds, and floral displays.

In vitro propagation, or micropropagation, is a groundbreaking approach in plant production that provides a
very efficient and dependable way for safe, sustainable, and mass production of plant components.
Enhancements to the micropropagation of economic plants have pronounced economic benefits through
reduced losses and waste [27]. Moreover, advancements in biotechnology for propagating ornamental plants
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may enhance characteristics like color, aroma, disease resistance, and vase life. This can result in the
development of novel and superior plant types that possess both high aesthetic appeal and commercial value
[19]. Numerous studies indicate that biotechnology breakthroughs including tissue culture techniques enhance
plant propagation by improving features like color, disease resistance, and yield. They also enable precise
genetic alterations and accelerate breeding procedures [14, 6, 7, 28].

A SLR is a rigorous procedure for performing comprehensive evaluations of existing literature. The process
includes evaluating different techniques and examining strategies to improve the effectiveness and
comprehensiveness of education and research [25]. However, bibliometric studies are considered essential for
assessing scientific content. Through the examination of trends in publications, citations, and co-authorship,
we may gain useful insights into various academic settings. The use and combination of these two
methodologies show that they can positively contribute to literature by offering a full comprehension of the
subject matter [26].

The aims of this study are:

. To perform a critical literature review (CLR) to gather insights into the current methodologies,
challenges, and breakthroughs on L. angustifolia.

. To employ bibliometric analysis to identify research trends and patterns in the literature on L.
angustifolia.

Material and Methods

Bibliometric Analysis and SLR

Bibliometric analysis is a method used to examine bibliographic data, including articles, books, reviews, and
conference papers, particularly in the fields of science, library science, and information science. This analysis
often relies on comprehensive databases such as Scopus or Web of Science [24]. Efficient tools for conducting
bibliometric and scientometric studies include Bibliometrix, VOS-viewer, and SCiMAT. These tools offer
unique features and capabilities that can be tailored to meet specific user requirements [17]. The analysis of
metrological literature frequently depends on extensive databases like Scopus or Web of Science. Scopus
provides extensive coverage across diverse fields and offers access to a wide variety of document types and
citation data. This enables detailed analysis of scholarly impact and precise literature searches with high
accuracy and retrieval rates [29, 30, 31]. Bibliometric databases like Scopus and PubMed are useful for
keyword searches and citation analysis and provide reliable and consistent coverage for making comparisons
across different disciplines [8]. Moreover, Dimensions covers 96.42% of Scopus-indexed journals, making it
very suitable for doing such analyses [32].

In this research, the Scopus and PubMed databases served as the primary source for both bibliometric analysis
and the critical literature review (CLR). Additionally, VOS-viewer version 1.6.20 was utilized to conduct the
analysis, leveraging its advanced capabilities for visualizing, and interpreting bibliometric data. For the SCR,
the top fifteen articles resulting from the bibliometric analysis were selected from both databases for a more
in-depth review. Part of the data collection and analysis was conducted using Microsoft 365, which facilitated
the creation of statistical analysis charts. The literature search was executed in the Scopus and PubMed
databases in July 2024. To comprehensively retrieve relevant publications, the search results were categorized
into four types: (i) articles, (ii) conference papers, (iii) reviews, and (iv) conference reviews. The search
formula applied was TITLE-ABS-KEY (title-abstract-keyword), ensuring that any term appearing in the title,
abstract, or keywords of a publication would be included in the search results. The specific advanced search
strings used in the Scopus and PubMed databases for this study are as follows:

Scopus: TITLE-ABS-KEY ( Lavandula AND angustifolia) OR TITLE-ABS ( lavender ) AND ( LIMIT-TO
(DOCTYPE, "ar" ) OR LIMIT-TO ( DOCTYPE, "re" ) OR LIMIT-TO ( DOCTYPE, "cp") OR LIMIT-TO
( DOCTYPE, "cr"))

PubMed: (Lavandula angustifolia [Title/Abstract]) OR (lavender [Title/Abstract]).

Keywords and search terms included in the search formula were: Lavandula, angustifolia, and lavender. The
search results acquired using the described method were saved as a CSV and PubMed file. The relevant files
included details such as the author(s), document title, year, source title, citation count, source and document
type, affiliations, publisher, correspondence address, author keywords, and indexed keywords. The obtained
files were then loaded into VOS-viewer version 1.6.20 software.

Based on the extracted data, the study performed CLR as well as analyses of the following aspects:

. Analysis of documents per year by source
. Analysis of documents per year
. Analysis of documents by country or territory
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. Analysis of documents by affiliation

. Analysis of documents by subject area

. Analysis of documents by type

. Citation analysis of documents and authors
. Co-authorship analysis of authors

. Co-occurrence analysis of all keywords.

These analyses enabled the creation of network visualizations, overlay visualizations, and density
visualizations, completing the analysis process. The layout and clustering settings were fine-tuned to improve
the visual representation, considering the content and data. Larger nodes represent higher connectivity and
greater significance. Additionally, some statistical charts were generated using Microsoft 365.

Result and Discussion

Bibliometric Analysis of Scopus Database

Trends in publication output over time

Fig 1 illustrates the publication trends of L. angustifolia research across four key journals from 1990 to 2024.
Notable peaks in publication numbers are observed in 2006, suggesting a significant research interest or
breakthrough during that period, particularly in "Acta Horticulturae," which led to the surge. Subsequent years
show fluctuating publication trends with additional peaks around 2014 and in recent years, indicating ongoing
but variable interest in the topic. Overall, "Industrial Crops and Products™ and "Acta Horticulturae™ have been
consistent contributors, while "Evidence Based Complementary and Alternative Medicine™ and the "Journal
of Essential Oil Research™" show more sporadic publication activity. This pattern reveals both sustained and
episodic research efforts, reflecting the multidisciplinary nature of L. angustifolia studies.

Documents per year by source

Compare the document counts for up to 10 sources. Compare sources and view CiteScore, SJR, and SNIP data

15

—
=

Documents

-e- Evidence Based Complementary And Alternative Medicine == Journal Of Essential Qil Research

- Industrial Crops And Products =& Acta Horticulturae

Fig 1 Annual Publication Trends by Journal for L. angustifolia Research (1990-2024)

During the early period from 1901 to around 1990, the research output was minimal, maintaining a very low
and steady rate of publications. This suggests that L. angustifolia was not a major focus of scientific inquiry
during these years, possibly due to limited recognition of its potential benefits or a lack of advanced research
methodologies. Starting in the early 1990s, there is a noticeable uptick in the number of publications, indicating
a growing interest in this plant. This growth phase continues steadily until around 2010, reflecting an increasing
awareness of the significance of L. angustifolia in various fields such as complementary medicine, essential
oils, and horticulture (Fig 2). The consistent rise in publications during this period suggests an expanding body
of research and a broadening scope of studies.
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Fig 2 General Publication Trends for L. angustifolia Research (1901-2023)

Post-2010, the results show a rapid increase in the number of documents regarding L. angustifolia published
per year, peaking significantly around 2020. This surge implies a heightened research interest and possibly
major breakthroughs or innovations in the study of L. angustifolia. The peak around 2020 could also be
attributed to an intensified focus on natural and alternative remedies in response to global health trends.
However, there is a sharp decline in the number of publications after the peak, which could indicate a saturation
point in research or shifts in research funding and priorities

Documents by country or territory
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Fig 3 Global Distribution of L. angustifolia Research Publications by Country in the Scopus Database (1990-2024)

The United States stands out with the highest number of documents, surpassing 600 publications, indicating a
significant research focus and academic interest in L. angustifolia within the country. Iran follows closely with
nearly 550 documents, reflecting a strong research output in this area as well. China also shows substantial
engagement with approximately 450 publications. Tiirkiye, Italy, and Spain form the next tier of contributors,
each with document counts ranging between 250 and 350. This suggests a moderate but significant level of
research activity in these countries. Japan, the United Kingdom, and France exhibit similar levels of research
output, with each producing between 200 and 250 documents. India, while having the lowest count among the
top contributors, still shows considerable research activity with around 200 documents. This indicates that L.
angustifolia research has a broad international scope, encompassing contributions from various regions around
the world. Fig 3 underscores the global nature of research on L. angustifolia, with a diverse array of countries
actively contributing to the body of knowledge in this field. The high number of publications from multiple
countries highlights the widespread scientific interest and the importance of this plant in various research
domains.
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Fig 4 Top Institutional Contributors to L. angustifolia Research Publications in the Scopus Database

Fig 4 provides a comparison of the top 10 affiliations contributing to this field. The CNRS Centre National de
la Recherche Scientifique (France) is the leading institution with close to 60 documents, highlighting its
significant contribution to L. angustifolia research. The Tehran University of Medical Sciences (Iran) and
INRAE (France) follow closely, each contributing over 50 documents, demonstrating their active involvement
in this research area. Other notable institutions include the Shahid Beheshti University of Medical Sciences
(Iran) and the National Research Centre (Egypt), both producing around 45 documents. The Universita di Pisa
(Italy), Islamic Azad University (Iran), and Universita degli Studi di Torino (Italy) each have contributed
approximately 35 documents, indicating a strong research presence in these universities. The Bulgarian
Academy of Sciences (Bulgaria) and the Université Sidi Mohamed Ben Abdellah (Morocco) round out the list
with 30 documents each, showing their active participation in L. angustifolia research. This distribution
underscores the collaborative and international nature of research on L. angustifolia, with significant
contributions from institutions across Europe, the Middle East, and North Africa.

Fig 5 presents the distribution of research publications related to L. angustifolia across various academic
disciplines, as recorded in the Scopus database.

Documents by subject area
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Fig S Distribution of L. angustifolia Research Publications by Subject Area in the Scopus Database

The largest segment is "Agricultural and Biological Sciences," which accounts for 20.2% of the publications.
This reflects the significant interest in the agricultural aspects and biological studies of L. angustifolia.
"Medicine" follows with 16.1%, indicating a strong focus on the medicinal properties and health-related
research of this plant. "Biochemistry, Genetics, and Molecular Biology" represents 10.5% of the documents,
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highlighting the molecular and biochemical research conducted on L. angustifolia. "Chemistry" constitutes
9.1% of the publications, underscoring the chemical analysis and studies related to this species.
"Pharmacology, Toxicology, and Pharmaceutics" also have a notable share with 8.8%, indicating research into
the pharmacological effects and potential toxicology of L. angustifolia. Other subject areas with significant
contributions include "Environmental Science" (4.2%), "Chemical Engineering" (3.4%), "Engineering"
(3.2%), "Nursing" (3.1%), and "Materials Science" (3.1%). These fields represent various interdisciplinary
applications and studies involving L. angustifolia. The "Other" category accounts for 18.4% of the
publications, which likely includes various other disciplines contributing to the research on L. angustifolia.
Nevertheless, Fig 5 demonstrates the diverse range of academic fields engaged in research on L. angustifolia,
highlighting its multifaceted importance across different scientific domains.

Documents by type

Conference Revi... (0.1%) ||

Conference Pape... (4.4%) |
Review (7.7%) ﬂ

Article (87.8%)
Fig 6 Distribution of L. angustifolia Research Publications by Document Type in the Scopus Database

Fig 6 provides a breakdown of the different types of research publications related to L. angustifolia in the
Scopus database. The data is represented in a doughnut chart, highlighting the proportion of each document
type. Most of the publications are "Articles," which make up 87.8% of the total documents. This indicates that
the primary mode of disseminating research findings on L. angustifolia is through peer-reviewed journal
articles. "Reviews" account for 7.7% of the documents, reflecting a substantial number of publications that
synthesize existing research and provide comprehensive overviews on various aspects of L. angustifolia.
"Conference Papers" constitute 4.4% of the publications, showing the contributions from academic
conferences where researchers present their latest findings. "Conference Reviews" are the least represented,
making up only 0.1% of the documents. This suggests that review papers specifically presented at conferences
are relatively rare in this research area. This result underscores that most L. angustifolia research is published
in the form of articles and reviews, with a smaller proportion presented at conferences. This distribution
highlights the emphasis on rigorous peer-reviewed dissemination in the academic community studying this
plant (Fig 6).

Citation Analysis of Documents

Fig 7 visualizes the interconnections between various research papers through citation links, highlighting
influential works and clustering related studies based on citation patterns. The network is divided into multiple-
colored clusters, each representing a thematic area within L. angustifolia research. These clusters indicate
groups of documents with high citation interconnectivity, suggesting shared research interests and focus areas.
Central nodes within each cluster represent highly cited papers, signifying their influence and foundational
role in the research domain.

Notable papers include [16] which is central in its cluster, indicating significant influence, and [3] and [9]
which are also highly cited and prominently positioned within their respective clusters. Researchers associated
with these highly cited papers, such as [16], [3], and [9], are highlighted as key contributors to the field. Their
work forms the backbone of current L. angustifolia research and has guided subsequent studies. The centrality
and connectivity of their papers in the network emphasize their role in advancing the research landscape. Inter-
cluster connections illustrate interdisciplinary research connections, indicating how findings in one thematic
area are utilized or referenced in another. This highlights the integrative nature of the research field, where
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studies on the chemical properties of lavender, for instance, may link to agricultural practices or therapeutic
applications. These connections suggest potential areas for interdisciplinary collaboration, fostering innovation
and comprehensive studies. Emerging research areas are also evident in the network, represented by smaller
or newer clusters. These areas, while not yet extensively cited, hold potential for future growth and innovation.
Researchers can identify these nodes to explore novel topics and contribute to the expanding body of
knowledge in L. angustifolia research. Ultimately, the citation network provides a comprehensive overview of
the most cited papers and influential researchers in L. angustifolia research. By examining the clusters, seminal
works, and interconnections, researchers can gain valuable insights into the current state of the field, identify
critical studies, and explore opportunities for future research and collaboration. This analysis serves as a vital
tool for navigating the extensive literature and advancing the knowledge frontier in L. angustifolia research.
Analysis of Documents by Author

Fig 8 presents a document network analysis of authors, highlighting their influence based on document counts.
Each node in this network represents an author, with the size of the node indicating the volume of the published
document. Larger nodes signify more fregtiently published documents by authors, suggesting their substantial
impact within the research domain. The lines connecting the nodes represent citation relationships between
authors, with thicker lines indicating stronger document publishing connections. Key observations from the
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Kasper, Siegfried stands out as a prominent node with extensive connections, indicating a significant citation
impact and influence on the research community. Other notable authors include Mahmoud, Soheil S., Volz,
H.P, and Mitrofanova, 1.V., who are also central Figures in the network with numerous document counts. The
network is divided into several colored clusters, each representing groups of authors with strong document
interconnections. The clusters highlight the key research areas and the most influential contributors within
each area.

Documents by author

Compare the document counts for up to 15 authors.
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Fig 9 Document Count by Author in L. angustifolia Research

These findings underscore the importance of both citation influence and research output in identifying key
contributors and understanding collaborative dynamics within the field. This comprehensive analysis
highlights the significant roles played by authors like Kasper, Siegfried, Mahmoud, Soheil S., and Mitrofanova,
1.V., emphasizing their substantial contributions (Fig 9).

Co-authorship Analysis of Authors

Fig 9 highlights the collaborative relationships among researchers, showing how different authors are
connected through co-authored publications. Each node in the network represents an author, with the size of
the node indicating the number of co-authored publications. Larger nodes represent authors with a higher
number of co-authored works, suggesting they are key collaborators within the field. The lines connecting the
nodes represent co-authorship relationships, with thicker lines indicating stronger or more frequent
collaborations between authors. The network is divided into multiple-colored clusters, each representing a
group of authors who frequently collaborate with one another. Notable clusters include those led by authors
such as Zou, Junbo, Yang, Ming, and Wang, [25], who are central Figs within their respective clusters. Zou,
Junbo stands out with a large node and numerous connections, indicating a significant role in fostering
collaborative research efforts.
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Fig 10 Co-Authorship Network Analysis of Authors in L. angustifolia Research

Other prominent authors include Sun, Jing, Li, Jinkai, and Wang, Changli. These researchers have substantial
co-authorship networks, suggesting their work is highly collaborative and they play pivotal roles in their
research communities. Their central positions within their clusters indicate that they are key facilitators of
research collaboration in L. angustifolia. Inter-cluster connections illustrate interdisciplinary collaborations
and the integration of diverse research perspectives. Authors such as Khan, Ikhlas A. and Yang, Ming have
connections spanning multiple clusters, indicating their collaborative efforts extend across different research
groups and thematic areas within L. angustifolia research. By examining the centrality and connectivity of the
nodes, it is clear which researchers are key collaborators and how collaborative efforts are structured within
the field. The clusters highlight major collaborative groups and the interconnected nature of the research
community, emphasizing the importance of teamwork and interdisciplinary collaboration in advancing the
research on L. angustifolia.

Co-Occurrence Analysis of All Keywords

The co-occurrence network analysis was conducted with a minimum number of occurrences of a keyword set
to 5. Out of the total 31.239 keywords identified, 3.785 keywords met this threshold. Fig 10 shows how
different keywords are related based on their co-occurrence in research documents, highlighting key topics and
themes within the field.

In the co-occurrence network, each node represents a keyword, with the size of the node indicating the
frequency of its appearance across research documents. Larger nodes signify more frequently used keywords,
suggesting their importance and centrality within the research domain. The lines connecting the nodes
represent the co-occurrence relationships between keywords, with thicker lines indicating stronger or more
frequent co-occurrence (Fig 10).
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Fig 11 Co-Occurrence Network Analysis of All Keywords

The network is divided into multiple-colored clusters, each representing a group of related keywords that
frequently appear together in the literature. Notable clusters include those centered around terms such as
"human", "lavender oil", and "essential oil", which are key focal points in L. angustifolia research.

e Human Studies (Blue Cluster): Keywords such as "clinical trial", "randomized controlled trial",
"aromatherapy", and "depression™ are prominent in this cluster. This indicates a significant focus on
the human health applications and therapeutic benefits of L. angustifolia, particularly in clinical and
controlled study settings.

e Chemical and Biological Properties (Green Cluster): This cluster includes keywords like "essential
oil", "antioxidant activity", "chemistry”, and "mass spectrometry”. The emphasis here is on the
chemical composition and biological activities of lavender, including its antioxidant and antimicrobial
properties.

e Phytotherapy and Herbal Medicine (Red Cluster): Terms such as "phytotherapy”, "medicinal
plant”, and "herbal medicine” dominate this cluster. It highlights the use of L. angustifolia in traditional
and herbal medicine practices, and its integration with other medicinal plants.

o Experimental Studies (Yellow Cluster): Keywords in this cluster, like "animal experiment", "rats",
"metabolism”, and "volatile oils", suggest a focus on experimental studies involving animal models
and the examination of lavender's physiological effects and metabolic pathways.

The central positioning of keywords such as "Lavandula angustifolia”, "essential oil", and "lavender oil"
indicates their broad relevance and connectivity across different research themes. Inter-cluster connections
illustrate the interdisciplinary nature of L. angustifolia research, where findings in one area, such as chemical
properties, may inform and enhance studies in human health applications or experimental models. Through the
analysis of pivotal and interconnected keywords, researchers may ascertain the primary areas of concentration,
comprehend the interdisciplinary connections, and investigate prospective novel avenues for their
investigations. This study is an effective instrument for mapping the research environment and providing
guidance for future studies around L. angustifolia.

Bibliometric Analysis of PubMed Database

Co-authorship analysis of authors

Co-authorship analysis of authors was conducted with a minimum number of documents of an author set to 1.
A total of 8751 authors were identified. Prominent nodes such as Zair, Touriya and Bourhia, Mohammed stand
out due to their large sizes, indicating their central roles and numerous co-authorships in PubMed database.
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These authors are influential within the research community, having collaborated extensively with others.
Their centrality in the network suggests they have contributed significantly to advancing the research on L.
angustifolia through their numerous collaborative works (Fig 12).
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Fig 12 Co-Authorship Network Analysis of Authors in PubMed Database

The network is partitioned into many distinct clusters, each denoting a cohort of writers who engage in regular
collaborations. The Red Cluster, led by Zair, Touriya, includes authors like Mechchate, Hamza, Eto, Bruno,
and Boutahir, Salima. This cluster is tightly connected, indicating strong collaborative relationships within the
group. The Green Cluster, dominated by Bourhia, Mohammed, includes collaborators such as Salamatullah,
Ahmad Mohammad, Nafidi, Hiba-Allah, and Bouia, Abdelhak, reflecting a similarly high level of
interconnectivity and extensive collaboration. Additionally, the Blue Cluster contains significant authors like
Driouiche, Aziz and Remok, Firdaous, highlighting another important collaborative group. Inter-cluster
connections are evident, illustrating interdisciplinary collaboration and the integration of diverse research
perspectives. For example, Zair, Touriya has connections extending to other clusters, suggesting cross-group
collaborations. These inter-cluster connections highlight the interdisciplinary nature of research in L.
angustifolia, where findings and expertise are shared across different research groups. The dense
interconnections within clusters and between key nodes indicate a robust collaborative network. Authors with
central positions and numerous connections, such as Zair, Touriya and Bourhia, Mohammed, play pivotal roles
in fostering collaboration and driving research forward. This co-authorship network analysis provides valuable
insights into the collaborative landscape of L. angustifolia research, emphasizing the importance of teamwork
and interdisciplinary collaboration in advancing knowledge in this field.

Co-occurrence analysis of all keywords

Co- occurrence analysis of all keywords was conducted with a minimum occurrence of a keyword set to 5. Out
of the total 6521 keywords identified, 625 keywords met this threshold. Within the co-occurrence network,
every node symbolizes a term, and the node's size corresponds to the frequency of its occurrence in research
materials. Nodes of greater size indicate terms that are used more often, indicating their significance and vital
role within the study field. The lines that link the nodes in the diagram depict the relationships of co-occurrence
between terms. Thicker lines indicate a stronger or more frequent co-occurrence (Fig 12).
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Fig 13 Co-Occurrence Network Analysis of Keywords in PubMed Database
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The network is divided into multiple-colored clusters, each representing a group of related keywords that
frequently appear together in the literature. Notable clusters include those centered around terms such as
"Lavandula™, ""humans", and ""aromatherapy"’, which are key focal points in L. angustifolia research.

e Lavandula and Plant Extracts (Red Cluster): This cluster includes keywords such as **Lavandula™,

"plant extracts', ""essential oils", and ""'monoterpenes'. This suggests a significant focus on the
chemical properties, extraction methods, and components of lavender and its essential oils.

e Human Studies and Health Applications (Green Cluster): Keywords like "*humans", "'female’,

"anxiety"’, and ""aromatherapy’’ are prominent in this cluster. It indicates a strong emphasis on the
health applications of lavender, particularly in human studies related to anxiety, depression, and
aromatherapy practices.

e Experimental and Disease Models (Blue Cluster): This cluster includes terms such as *'rats",
""oxidative stress', ""antioxidants', and '‘disease models, animal’. The focus here is on
experimental studies involving animal models and the examination of lavender's physiological effects
and potential therapeutic benefits.

. Dermatological and Cosmetic Applications (Purple Cluster): Keywords such as "'dermatitis",

"allergic contact™, "insecticides™, and "‘cosmetics' are found in this cluster, suggesting research
interests in the dermatological and cosmetic applications of lavender, including its use in treating skin
conditions and as a natural insect repellent.

The central positioning of keywords like **Lavandula™, ""essential oils'", and ""aromatherapy"" indicates their
broad relevance and connectivity across different research themes. Inter-cluster connections illustrate the
interdisciplinary nature of L. angustifolia research, where findings in one area, such as chemical properties,
may inform and enhance studies in human health applications or experimental models. Through the analysis
of pivotal and associated terms, researchers may ascertain the primary areas of concentration, comprehend the
interdisciplinary connections, and investigate prospective novel avenues for their study. This analysis could
be an important tool for mapping the research environment and providing guidance for future studies in L.
angustifolia.

Critical Literature Review (CLR)

For the CLR, a total of 15 articles (10 from Scopus and 5 from PubMed) were selected based on their citation
count and connectivity in the network visualization (Fig 7) during the analysis process in VOS-viewer.

1. Miliauskas, G., 2004 [16]:

This study investigates the antioxidant properties of extracts from 12 medicinal and aromatic plants through
radical scavenging assays using DPPH and ABTS. The study aims to identify potential sources of natural
antioxidants for various applications like food and cosmetics. The plants studied include various species of
Salvia, Lavandula, Calendula, Matricaria, Echinacea, Rhaponticum, Juglans, Melilotus, Geranium, and
Potentilla.

Methodologically, dried plant materials were extracted using acetone, ethyl acetate, and methanol. Radical
scavenging activity was evaluated using spectrophotometric assays, correlating these activities with the content
of total phenolic compounds, flavonoids, and flavonols in the extracts. Key findings from this study include:

1. Radical Scavenging Activity: Methanol extracts generally exhibited higher radical scavenging
activity compared to acetone and ethyl acetate extracts. Particularly, extracts from Geranium
macrorrhizum and Potentilla fruticosa showed very high activity in both DPPH and ABTS assays,
surpassing the well-known antioxidant Salvia officinalis.

2. Correlation with Phenolic Compounds: There was a positive correlation between the radical
scavenging capacities of the extracts and their total phenolic compound content. This suggests that
phenolic compounds are likely major contributors to the observed antioxidant activity.

3. Differences Between Assays: While there was generally good correlation between DPPH and ABTS
assays, some plants showed different levels of activity in each assay. Echinacea purpurea, for instance,
exhibited higher activity in the ABTS assay compared to the DPPH assay.

2. Cavanagh, H. M. A., & Wilkinson, J. M., 2002 [3]:

This research explores the various biological activities of lavender essential oil, examining its therapeutic and
cosmetic applications, and highlights the challenges in evaluating its effectiveness due to methodological
issues.

Lavender essential oil, derived from species such as L. angustifolia, L. latifolia, L. stoechas, and Lavandula x
intermedia, has been traditionally used for its purported antibacterial, antifungal, carminative, sedative,
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antidepressive, and insect repellent properties. The review investigates the scientific evidence supporting these
claims and identifies areas needing further research. Lavender oil demonstrates activity against various bacteria
and fungi, including antibiotic-resistant strains like MRSA and VRE. However, the efficacy of lavender oil
varies significantly with different types and origins of lavender, as well as the methods of extraction and testing
. Some studies suggest lavender oil is effective as a topical agent but not for deep-seated infections.

The study mentioned that aromatherapy using lavender oil is linked to reduced anxiety, improved mood, and
enhanced sleep quality in various clinical settings. The oil's components, such as linalool and linalyl acetate,
are thought to have sedative effects through their actions on the central nervous system. Additionally, lavender
oil has been traditionally used for wound healing and treating skin conditions such as eczema and psoriasis. It
may also help reduce discomfort post-labor when added to bath water. Nonetheless, there are concerns about
allergic reactions and skin irritation, though some studies suggest lavender is less likely to cause dermatitis
compared to other essential oils. Lavender oil has also shown potential as a pesticide and in promoting hair
growth in conditions like alopecia. Its use in midwifery and palliative care for pain relief and anxiety reduction
has been explored, although more rigorous scientific studies are needed to substantiate these claims. The
review highlights several methodologies used in studying lavender oil's effects. Methods like disc/well
diffusion and agar/broth dilution are commonly used in antimicrobial testing, though they are not always
suitable for essential oils due to their hydrophobic nature. Clinical trials, such as those assessing hair growth
and anxiety reduction, are mentioned. However, inconsistencies in methodologies and small sample sizes often
limit these studies' reliability. Techniques like gas chromatography with mass spectrometry (GC/MS) are used
to determine the composition of lavender oils, which is crucial for understanding their varying biological
activities.

The main challenges in evaluating the therapeutic potential of lavender oil include variability in oil
composition. Differences in species, extraction methods, and geographical origins lead to significant
variability in oil composition, complicating the assessment of its biological activities. Methodological
inconsistencies, such as the lack of standardized methodologies and detailed reporting in studies, make it
difficult to compare results and draw definitive conclusions. There is a call for standardized, reproducible
methods to assess essential oils' biological activities accurately.

The article concludes that while lavender essential oil shows promise in various therapeutic applications, more
rigorous and standardized scientific research is needed to fully understand and validate its biological activities
and clinical potential.

3. Figueiredo, A. C., et al., 2008 [9]:

This study examines the various factors that influence the presence, yield, and composition of secondary
metabolites in plants, particularly focusing on volatile components and essential oils. The study identifies
several key variables that can affect these secondary metabolites from their formation in the plant to their
eventual isolation. These factors are critically analyzed to optimize cultivation conditions and harvesting times
for commercially important crops, aiming to produce higher yields of high-quality essential oils that meet
market standards.

The researchers found that understanding the chemical variability and yield determinants is essential not only
for commercial purposes but also for using essential oils and volatiles as chemotaxonomic tools. The factors
influencing the chemical variability and yield include physiological variations, environmental conditions,
geographic variations, genetic factors and evolution, political and social conditions, and the amount of plant
material, space, and manual labor required.

The methodology employed in the study involved a comprehensive review of the factors affecting secondary
metabolite production in plants. This included analyzing physiological and environmental conditions,
geographic and genetic variations, and socio-political influences. The research underscores the importance of
each factor in determining the quality and yield of essential oils, highlighting the complexity of optimizing
cultivation practices to meet both commercial and scientific needs.

4. Dapkevicius, A, et al., 1998 [5]:

This article investigates the potential of several aromatic herbs grown in Lithuania as sources of natural
antioxidants in response to the growing demand for natural additives over synthetic ones. The herbs examined
include marjoram (Majorana hortensis Moench), catnip (Nepeta cataria L.), oregano (Origanum vulgare L.),
lavender (Lavandula angustifolia Mill), thyme (Thymus vulgaris L.), hyssop (Hyssopus officinalis L.), anise
hyssop (Lophanthus anisatus Benth), and sage (Salvia officinalis L.).

To evaluate their antioxidant potential, dried herb samples underwent extraction using supercritical CO»,
acetone, methanol/water, and hydro-distillation. Additionally, deodorized herb samples (after the removal of
essential oils) were extracted with acetone. The antioxidant activities of these extracts, essential oils, and dried
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deodorized aqueous extracts were assessed using the B-carotene bleaching test through diffusion and
spectrophotometric methods.
The findings indicated that the highest yields of extracts were obtained using polar solvents. Specifically,
thyme and sage acetone oleoresins exhibited significant antioxidant activity in the tests conducted, suggesting
that these two herbs are the most promising sources of natural antioxidants among the samples tested. The
methodology included the use of various extraction techniques to isolate potential antioxidant compounds from
the herbs, followed by rigorous testing of these extracts' antioxidant activities. The study highlights the
effectiveness of polar solvents in yielding extracts with high antioxidant potential, particularly emphasizing
the promise of thyme and sage as valuable natural sources of antioxidants.
S. Adam, K., et al., 1998 [2]:
The study explores the antifungal properties of essential oils from four plant species: Origanum vulgare subsp.
hirtum, Mentha spicata, Lavandula angustifolia, and Salvia fruticosa, against human pathogens Malassezia
furfur, Trichophyton rubrum, and Trichosporon beigelii. Among these, O. vulgare subsp. hirtum oil
demonstrated the highest fungicidal activity, achieving a 95% reduction in the number of metabolically active
cells at a dilution of 1/50000 within 6 hours of exposure. The main components of these essential oils, carvacrol
and thymol, were identified as having the highest levels of antifungal activity. The therapeutic efficacy of O.
vulgare subsp. hirtum essential oil was further validated through experiments on rats infected with T. rubrum,
showing promising results. Additionally, the essential oils were assessed for mutagenic activity using the Ames
test and were found to be hon-mutagenic.
The methodology involved:
e Testing the antifungal properties of essential oils against specific human pathogens.
¢ Identifying and analyzing the main components of the oils for their antifungal activity.
e Conducting in vivo experiments to assess therapeutic efficacy.
e Using the Ames test to evaluate potential mutagenic effects.
The findings underscore the significant antifungal potential of O. vulgare subsp. hirtum essential oil,
particularly due to its components carvacrol and thymol, and confirm its safety in terms of non-mutagenicity.
6. Lehrner, J., et al., 2005 [13]:
The study aimed to examine the effects of essential oils of orange and lavender on anxiety, mood, alertness,
and calmness in dental patients. The research involved 200 patients aged 18 to 77 years, equally divided
between men and women. Participants were randomly assigned to one of four groups: ambient odor of orange,
ambient odor of lavender, music, or a control condition (no odor, no music).
While waiting for their dental procedures, patients' anxiety, mood, alertness, and calmness were measured.
Statistical analyses indicated that both ambient odors of orange and lavender significantly reduced anxiety and
improved mood compared to the control condition. The methodology included:
e Randomly assigning patients to different sensory conditions (orange odor, lavender odor, music,
control).
e Assessing emotional states (anxiety, mood, alertness, calmness) while patients waited for dental
treatment.
e Conducting statistical analyses to compare the effects of the different conditions.
The findings support the notion that ambient odors can influence emotional states, suggesting that the use of
essential oils, particularly orange and lavender, can be beneficial in reducing anxiety and improving mood in
dental patients.
7. K. Benachour, K., 2017 [10]:
The study conducted an inventory of insects visiting Lavandula officinalis flowers over three years (2009,
2010, and 2013) in the Constantine region of northeast Algeria. Researchers recorded insects from three orders:
Hymenoptera, Lepidoptera, and Diptera. Most taxa identified (81%) exhibited very low average abundances
(<1 individual/day), with 73% being bees, including the honeybee (Apis mellifera), the bumblebee (Bombus
terrestris), Ceratina cucurbitina, and two Megachilidae species, Anthidium florentinum and A. manicatum.
The study found that bees had higher visitation rates than Lepidopterans, which included Iphiclides podalirius,
Pieris rapae, and Polyommatus dorylas. Quantitative analysis, based on abundance and visitation rates,
identified B. terrestris and A. mellifera as the most dominant pollinators of L. officinalis. Qualitative analysis,
which involved counting pollen grains on the bodies of the five major bee species, revealed that B. terrestris
was not only the most dominant but also the most efficient pollinator.
The methodologies used in the study included:
e Long-term observation and recording of insect visits to L. officinalis flowers over multiple years.
¢ Quantitative analysis of insect abundance and visitation rates.
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o Qualitative analysis of pollen grains transported by major pollinators to assess pollination efficiency.
The findings underscore the significant role of bees, particularly B. terrestris and A. mellifera, in the pollination
of L. officinalis, with B. terrestris being the most efficient pollinator due to its high dominance and pollen
transport capacity.

8. Abuhamdah, S., & Chazot, P. L., 2008 [1]:

The article explores the potential of natural therapeutics, specifically essential oils, as a strategy for treating
emotional and neurodegenerative disorders. It highlights the historical and ongoing relevance of deriving novel
treatments from natural sources, particularly in addressing the limitations of current medications for anxiety,
depression, and psychotic disorders, which often suffer from inefficacy and multiple side effects. The review
focuses on essential oils from Melissa and Lavender plants, noting their beneficial properties in alleviating
emotional disorders. Melissa oil is particularly noted for its dual benefits: reducing agitation and maintaining
attention in patients with dementia. Lavender oil is also recognized for its anti-agitation properties.

The methodology of the review involves examining existing evidence on the efficacy of these essential oils in
treating emotional and neurodegenerative disorders. The analysis indicates that both Melissa and Lavender
essential oils offer promising alternative treatments, particularly in neurodegenerative disease contexts where
current medications fall short. In summary, the article emphasizes the therapeutic potential of Melissa and
Lavender essential oils in managing emotional disorders and highlights their specific benefits for patients with
neurodegenerative diseases. Their findings suggest a valuable role for natural therapeutics in addressing the
shortcomings of conventional medications.

9. Lane, A, etal., 2010 [12]:

This study aims to develop L. angustifolia as a model system to investigate the molecular regulation of essential
oil production, which comprises mono- and sesquiterpenes. As an initial step towards establishing the
necessary genomic tools for this species, researchers constructed two cDNA libraries from lavender leaves and
flowers and sequenced 14,213 high-quality expressed sequence tags (ESTs). The EST collection includes
orthologs for genes involved in the 1-deoxy-D-xylulose-5-phosphate (DXP) and mevalonic acid (MVA)
pathways of terpenoid biosynthesis, as well as known terpene synthases and prenyl transferases.

To understand the regulation of terpene metabolism in lavender flowers, the study evaluated the transcriptional
activity of genes encoding 1-deoxy-D-xylulose-5-phosphate synthase (DXS) and HMG-CoA reductase
(HMGR) in glandular trichomes (oil glands) using real-time PCR. The results showed that HMGR transcripts
were barely detectable, while DXS was highly expressed in glandular trichomes, suggesting that essential oil
constituents are predominantly produced through the DXP pathway in these tissues. Additionally, the gene
responsible for linalool production (linalool synthase, LinS) was strongly expressed in glandular trichomes.
Interestingly, the most abundant transcript in floral glandular trichomes corresponded to a sesquiterpene
synthase (cadinene synthase, CadS), even though sesquiterpenes are minor constituents of lavender essential
oils. This finding, along with the weak activity of the MVA pathway (the primary route for sesquiterpene
production) in trichomes, suggests that precursor supply might be a limiting factor in sesquiterpene
biosynthesis in lavender flowers.

Methodologies:

e Construction of cDNA Libraries: Libraries were constructed from lavender leaves and flowers.

e Sequencing and EST Collection: Sequencing yielded 14,213 high-quality ESTSs.

o Homology Analysis: ESTs were analyzed for homology to sequences in GenBank to identify genes

involved in terpenoid biosynthesis.

e Transcriptional Activity Evaluation: Real-time PCR was used to evaluate the transcriptional activity

of DXS and HMGR in glandular trichomes.

o Gene Expression Analysis: Expression levels of LinS and CadS were assessed in floral glandular

trichomes.
Findings:

e Essential oil production in lavender glandular trichomes predominantly occurs through the DXP

pathway, indicated by high DXS expression.

e LinS, responsible for linalool production, is strongly expressed in glandular trichomes.

o Despite being the most abundant transcript, CadS expression suggests a bottleneck in sesquiterpene

biosynthesis due to limited precursor supply from the MVA pathway.
This research provides a foundation for further genomic studies on lavender, aiming to enhance the
understanding of essential oil biosynthesis and regulation in plants.
10. Yahya, M.A,, et al., 2024a [28]:
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The article details the development of an in vitro propagation protocol for L. angustifolia Miller. Researchers
used Murashige and Skoog (MS) media supplemented with various concentrations of Plant Growth Regulators
(PGRs) to study the growth parameters of nodal segments and assess callus formation and shoot proliferation.
Nodal explants supplemented with 2 mg/L of 6-Benzylaminopurine (BAP) successfully formed callus. The
optimal hormonal concentration for shoot proliferation from callus cultures (39.33%) was determined to be 5
mg/L of 2-Isopentenyl adenine (2iP). Additionally, the best media for callus growth were found to be those
containing 1 and 2 mg/L of BAP, achieving a 98% formation rate.

The researchers performed qualitative and quantitative analyses on the callus cultures and in vitro propagated
seedlings, examining phenolic profiles, flavonoids, and phenolic acids using High-Performance Liquid
Chromatography (HPLC), as well as analyzing volatile compounds through headspace-SPME. Seedlings
grown in media with 1 mg/L of 6-Furfurylaminopurine (KIN) had the highest yield of phenolic acids (11.95 +
0.01 mg GAE/g). Conversely, the lowest concentration of phenolic acids (2.17 = 0.04 mg GAE/g) was found
in media containing 0.5 mg/L of BAP and 0.5 mg/L of Naphthaleneacetic acid (NAA).

The study also revealed that plantlets grown in media with 0.5 mg/L of BAP and 0.5 mg/L of NAA exhibited
the highest flavonoid yield (31.67 + 0.06 pg/g QE/g), whereas callus samples in media supplemented with 0.5
mg/L of BAP had the lowest flavonoid yield (11.59 + 0.02 ug/g QE/g). HPLC analysis showed variability in
phenolic acid content among callus cultures and plantlets, identifying gallic acid, 4-OH benzoic acid,
chlorogenic acid, vanillic acid, caffeic acid, cinnamic acid, and rosmarinic acid as the main constituents.
Headspace-SPME analysis identified twenty-two chemicals, with eucalyptol, nonanal, borneol, carvone, and
[-caryophyllene being the most abundant. The study concludes that micropropagation of L. angustifolia is an
effective method for producing large quantities of genetically identical plantlets to produce high-value bio
compounds.

11. Nakajima, D., et al., 2024 [18]:

The study aimed to explore the relationship between oxytocin secretion and the effects of aromatherapy with
lavender oil on anxiety levels in healthy individuals. The hypothesis was that if aromatherapy could promote
oxytocin secretion, it might improve mood and alleviate anxiety. The investigation was carried out through a
randomized open crossover trial involving 15 men and 10 women. Each participant experienced both a placebo
intervention (control group) and an aromatherapy session (aromatherapy group). The aromatherapy
intervention included a 30-minute session in a room with diffused lavender oil followed by a 10-minute hand
massage using a carrier oil containing lavender oil.

Anxiety levels were measured using the State-Trait Anxiety Inventory (STAI) at three time points: before the
intervention, 30 minutes after the start of the intervention, and after the hand massage. Saliva samples were
collected at the same time points to measure oxytocin levels.

The findings revealed that in women, both aromatherapy and hand massage independently led to a reduction
in anxiety levels and an increase in salivary oxytocin levels after aromatherapy. In men, anxiety levels
decreased following both aromatherapy and hand massage, regardless of the presence of lavender oil, but there
were no significant changes in salivary oxytocin levels between the control and aromatherapy groups during
the intervention period. Furthermore, a positive correlation was found between anxiety levels and salivary
oxytocin levels before the intervention, which shifted to a negative correlation after the hand massage with
lavender oil. In conclusion, the study suggests that aromatherapy with lavender oil effectively reduces anxiety
and increases oxytocin levels in women, whereas in men, aromatherapy's impact on anxiety and oxytocin levels
is less clear, though it does alter the correlation between anxiety and oxytocin. These findings indicate that the
effects of aromatherapy can vary by sex, highlighting the need for further research to understand the underlying
mechanisms and potential sex-specific responses.

12. Mazraeh, A., Tavallali, H., & Tavallali, V., 2024 [15]:

The article investigates the synthesis of copper nano complexes (Cu-NCs) using aqueous extracts of jujube
and neem leaves and examines their effects on Lavandula sublepidota Rech. f., an Iranian native medicinal
herb. Copper (Cu) is recognized as an essential micronutrient in plant physiology and biochemistry. The study
aimed to determine the impact of foliar application of Cu-jujube and Cu-neem Cu-NCs at various
concentrations (0, 10, 25, and 50 mg L"-1) on the bioactive compounds, antioxidant capacity, and essential oil
content of the lavender plant.

The methodology involved synthesizing Cu-NCs from jujube and neem leaf extracts and applying these
complexes as foliar sprays to the lavender plants. The concentrations used were 0, 10, 25, and 50 mg L"-1.
The researchers then measured several parameters, including levels of flavonoids and polyphenols, essential
oil yield, secondary metabolite content, antioxidant activity, and antibacterial activity against three pathogen
strains.
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The findings revealed that the highest levels of flavonoids and polyphenols were observed in plants treated
with Cu-NCs at a concentration of 25 mg L"-1, with no significant difference between the effects of Cu-jujube
and Cu-neem complexes. Additionally, at the same concentration, the essential oil yield increased by 48% with
Cu-jujube and 52% with Cu-neem compared to the control. This suggests an optimal concentration threshold,
beyond which toxicity effects may occur. The study also reported that the amount of commercially significant
secondary metabolites was highest at the 25 mg L"-1 concentration compared to 10 and 50 mg L"-1. Moreover,
the maximum antioxidant activity was found in lavender extracts treated with 25 mg L”-1 Cu-NCs. The
exogenous application of Cu-NCs significantly enhanced the antibacterial activity of the extracts against the
three pathogen strains, demonstrating greater effectiveness at the optimal concentration of 25 mg L"-1.

In conclusion, the study suggests that Cu-NCs, particularly at a concentration of 25 mg L”-1, are effective in
enhancing the production of essential oil and bioactive compounds in Lavandula sublepidota Rech. f. This
research highlights the importance of synthesizing nano complexes using plant extracts and emphasizes the
potential for using plant-based Cu-NCs to increase the medicinal and commercial value of lavender through
improved yields of essential oils and bioactive compounds. The results underscore the necessity of
understanding the phytochemical changes in lavender plants resulting from such treatments.

13. Kim, Y. J., et al., 2024 [11]:

The article addresses the ongoing health issue of smoking in patients with type 2 diabetes mellitus by
investigating the impact of high glucose (HG) and nicotine on intracellular calcium ion concentrations
([Ca2+]i) in microglia, neurons, and astrocytes. The study's primary objective was to compare [Ca2+]i levels
in these cells under HG and nicotine conditions and to evaluate the potential modulatory effects of L.
angustifolia Mill. essential oil (LEO).

The researchers employed Fura-2 acetoxymethyl ester fluorescence to measure [Ca2+]i concentrations. Their
results showed that treatment with HG and nicotine significantly increased [Ca2+]i in microglia and neurons
through Ca2+ influx from extracellular sources. Notably, LEO was found to significantly reduce this increased
Ca2+ influx in microglia, an effect that was partially inhibited by the Na+/Ca2+ exchanger (NCX) inhibitor
Ni2+. Similarly, in neuron-like cells pretreated with HG and nicotine, LEO significantly decreased Ca2+
influx, with this effect partially blocked by the L-type Ca2+ channel blocker nifedipine and the T-type Ca2+
channel blocker mibefradil. Additionally, the study found that either LEO treatment or a two-fold increase in
the number of astrocytes attenuated the Ca2+ influx caused by high glucose and nicotine in mixed cultures of
microglia, neuron-like cells, and astrocytes. These findings suggest that LEO can regulate HG and nicotine-
induced Ca2+ influx into microglia and neurons through distinct mechanisms, highlighting its potential
therapeutic role in mitigating the cellular effects of smoking in diabetic patients.

14. Shan, J., et al., 2024 [20]:

In this study researchers utilized a replicative lifespan (RLS) experiment involving K6001 yeast to identify
anti-aging compounds in lavender extract (L. angustifolia Mill.), leading to the discovery of B-cyclocitral
(CYC) as a promising anti-aging agent. Concurrent validation was achieved through chronological lifespan
(CLS) experiments with YOM36 yeast and mammalian cells, confirming the anti-aging properties of CYC.
This compound was shown to extend the yeast lifespan and inhibit cell senescence induced by etoposide
(ETO).

The study delved into the mechanisms underlying CYC's anti-aging effects, focusing on telomere biology,
oxidative stress, and autophagy. Administration of CYC resulted in significant increases in telomerase content,
telomere length, and expression levels of telomeric shelterin proteins, including telomeric-repeat binding factor
2 (TRF2) and repressor activator protein 1 (RAP1). Furthermore, CYC reversed H202-induced telomere
damage, highlighting its potent antioxidant capacity. It also improved the survival rate of BY4741 yeast under
oxidative stress induced by 6.2 mM H202 by enhancing antioxidant enzyme activity and reducing levels of
reactive oxygen species (ROS), reactive nitrogen species (RNS), and malondialdehyde (MDA). Moreover,
CYC was found to enhance autophagic flux and the expression of free green fluorescent protein (GFP) in the
YOM38-GFP-ATGS yeast strain, suggesting an upregulation of autophagy. However, CYC did not extend the
RLS of K6001 yeast mutants deficient in antioxidant enzymes (Asodl, Asod2, Acat, Agpx) or autophagy-
related genes (Aatg2, Aatg32), indicating that its anti-aging effects are dependent on these pathways.

These findings collectively reveal that CYC functions as an anti-aging agent by modulating telomeres,
oxidative stress, and autophagy. The promising results warrant further investigation of CYC as a potential
therapeutic compound for aging-related interventions.

15. Soden, K., et al., 2004 [21]:

The research explores the use of aromatherapy and massage in patients with advanced cancer, focusing on
their physical and psychological benefits. Given the growing popularity of these therapies in palliative care,
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the study aimed to compare the effects of four-week courses of aromatherapy massage and massage alone on
various symptoms in this patient group. Forty-two patients were randomly assigned to three groups: one
receiving weekly massages with lavender essential oil and an inert carrier oil (aromatherapy group), one
receiving massages with an inert carrier oil only (massage group), and one receiving no intervention.

The outcome measures included a Visual Analogue Scale (VAS) for pain intensity, the Verran and Snyder-
Halpern (VSH) sleep scale, the Hospital Anxiety and Depression (HAD) scale, and the Rotterdam Symptom
Checklist (RSCL). The study found no significant long-term benefits of either aromatherapy or massage in
terms of pain control, anxiety, or overall quality of life. However, there were notable improvements in sleep
scores in both the massage and combined massage (aromatherapy and massage) groups. Additionally, the
massage group showed statistically significant reductions in depression scores.

The results indicate that the addition of lavender essential oil did not enhance the beneficial effects of massage.
Nevertheless, the findings suggest that patients experiencing high levels of psychological distress may derive
the most benefit from these therapies. Overall, while aromatherapy did not show added advantages, massage
alone was effective in improving sleep and reducing depression in patients with advanced cancer.

Conclusion

This study demonstrates notable patterns and key elements across time, showcasing both enduring and
fluctuating interest in the research around L. angustifolia. The growing interest in alternative and
complementary medicine in response to lifestyle diseases and antibiotic resistance has driven increased
research in the medicinal uses of lavender. Additionally, the shift in research funding toward biotechnology
and sustainable agricultural practices has contributed to advances in lavender cultivation techniques. The
publication patterns show distinct spikes in research effort, particularly in 2006, 2014, and 2020. These peaks
suggest periods of increased interest, possibly driven by significant advancements or global health phenomena.
The 2006 spike corresponds to major advances in the extraction and commercialization of lavender essential
oils, particularly for medical and cosmetic purposes. The 2014 increase can be attributed to a surge in research
on natural antioxidants, driven by the global push for more sustainable health solutions. The sharp rise in 2020
is likely linked to the COVID-19 pandemic, where there was a global shift toward exploring alternative
remedies and herbal treatments. This aspect provides a more comprehensive understanding toward social,
economic, and scientific factors that potentially influence research activity.Publications such as "Acta
Horticulturae" and "Industrial Crops and Products" have consistently made contributions, while others have
shown more irregular activity, highlighting the wide appeal of the research within multidisciplinary studies.
An examination of geographic distribution (Scopus and PubMed databases) reveals that the United States, Iran,
and China are the primary publishers, indicating a significant worldwide interest. Institutional analysis
highlights prominent actors such as the CNRS in France and Tehran University of Medical Sciences. The
examination of subject areas highlights L. angustifolia 's wide range of scientific uses, with notable
contributions from fields like agricultural sciences, medicine, and biochemistry. The distribution of document
types shows that peer-reviewed papers and reviews are the most prevalent, highlighting the strong emphasis
on academic rigor in studying Lavender. This study suggests that using citation and co-authorship analysis in
Vos-viewer software, researchers may identify pivotal works and authors, as well as reveal crucial
collaboration networks as well as researchers can then use this data to inform and steer future research
endeavors. In conclusion, this study offers a thorough and inclusive examination of the research environment
using Vos-viewer software, highlighting the L. angustifolia 's substantial and ever-changing influence on
various scientific fields.
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The Effect of Kuchala (Arum korolkowii Regel, 1873) Tuber Tincture To Increase
Of The Serum Testosterone In The Adult Male Guinea Pigs (Cavia porcellus
Linnaeus, 1758)
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ARTICLE HiSTORY
ABSTRACT Received
Kuchala (Arum korolkowii Regel) is a medicinal plant commonly used in folk medicine '\A/Iféﬁe’jom
among the Kyrgyz people. The tuber tincture of kuchala is tradltlona_lly _us_ed in small 20 June 2024
doses to enhance human sexual potency. However, there is no scientific evidence
supporting these medicinal effects. Therefore, we decided to study the effect of kuchala
tuber tincture on the sexual potency of adult male guinea pigs. We investigated the effect
of kuchala on 12 male guinea pigs, each approximately 48 months old. A 10% tuber KEY WORDS
tincture of kuchala in 70% ethanol was prepared and administered orally at a daily dose Kuchala
of 150 ul for 30 days. The study employed ethological, hematological, serum tuber tincture,
biochemistry, gross anatomical, histological, and statistical methods to collect and hematology,
analyze the data. The hematological and serum biochemistry parameters showed serum biochemistry,
significant differences between the control and experimental groups. In the histology,
experimental group, the percentage of neutrophils was significantly lower (% < 0.001) testosterone,
than in the control group, while lymphocyte counts were significantly higher (% < adult male guinea pigs

0.001). Additionally, RBC counts, hemoglobin (Hgb), hematocrit (Hct), mean
corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration
(MCHC) were all significantly higher in the experimental group (%p <0.001; %p < 0.001;
°p < 0.01; % < 0.001; % < 0.001, respectively) compared to the control group.
Conversely, the color indicator and mean platelet volume were higher (°p < 0.05) and
significantly higher (°p < 0.001) in the control group than in the experimental group.
The levels of alanine transaminase (ALT) and aspartate transaminase (AST) were lower
in the experimental group than in the control group (both % <0.001). Notably, the serum
testosterone concentration was much higher (% < 0.001) in the experimental group.
Microscopic examination revealed minor structural damage in the liver tissue of the
experimental group, indicating a metabolic disorder. However, the testes in the
experimental group showed an improvement in spermatogenesis compared to the
control group, suggesting a positive effect on reproductive health. The 10% kuchala
tuber tincture in 70% ethanol has a positive effect on improving the sexual potency of
older guinea pigs by increasing testosterone production and enhancing spermatogenesis.

Background

Since ancient times, people have successfully used folk medicine, which contains an inexhaustible wealth of
information about medicinal plants as important therapeutic agents in both human and veterinary medicine [1,
2, 3, 4, 5]. Many treatment methods have been passed down through generations and have been adapted for
use in modern medical practice. Kyrgyz folk medicine, in particular, has occupied an important place in the
nomadic civilization of the Kyrgyz people. The Kyrgyz Republic is a mountainous country in Central Asia.
Due to its extreme environment and climate, there is a diverse range of plant species, including more than 200
species of medicinal plants. Many of these medicinal plants used in Kyrgyz folk medicine have not been
studied using modern scientific techniques [6]. Arum korolkowii Regel is one of the medicinal plants often
used in the folk medicine of Central Asia, and it remains relevant today. The vernacular name of this medicinal
plant is kuchala. A. korolkowii, described in 1873, belongs to the genus Arum L. of the family Araceae Juss.
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It grows in soil pockets of rocky hillsides, beneath low scrub. Its native range includes Central Asia, North-
Western China, Northern Iran, and Afghanistan. A. korolkowii is a perennial tuberous herb that sprouts in early
spring from a discoid, vertically oriented tuber. It has well-described biological characteristics [7, 8].
However, there is another plant also called kuchla or Chinese kuchla (Strychnos nux-vomica). S. nux-vomica
is an evergreen tree that can reach up to 25 meters in height. Its dried seeds (Nux vomica) are used in both
modern and traditional medicine [9, 10].

Arum korolkowii Regel is a very poisonous herb. In folk medicine, a tincture of its tubers is used in small doses
as a medicinal raw material to increase human potency and immunity, treat infertility and stomach ulcers, and
address diseases of the nasopharynx and respiratory tract. It is also believed to eliminate fatigue and increase
strength. The powdered tuber is used to treat poisonous snake and scorpion bites, fungal skin diseases, and
hemorrhoids [7]. The medicinal properties of kuchala are mentioned in the works of Avicenna and in the
Kyrgyz folk epics "Manas" 11] and "Semetey" [12] .

According to these sources, milky and sour-milky (kumys) tinctures of the tubers are often used among the
elderly (over 70 years) to increase male sexual potency. However, there are no modern scientific data proving
the medicinal properties of kuchala, particularly its effect on human potency. Additionally, the chemical
composition of 4. korolkowii has not been studied yet. In this regard, we decided to experiment with kuchala
tuber tinctures on laboratory animals, with a particular focus on adult male guinea pigs. Thus, the purpose of
this study was to investigate the effect of tincture of kuchala tubers (Arum korolkowii Regel) on hematological
and biochemical parameters of blood serum, as well as on the structure of the testes and liver of adult male
guinea pigs (Cavia porcellus Linnaeus, 1758).

Materials and Methods

Kuchala tubers and tincture

Dried kuchala tubers of 5 pieces (49.62 g) were procured from local markets in Bishkek, Kyrgyz Republic.
Each tuber piece underwent cleaning with warm water followed by 70% ethanol, and subsequently dried in
ambient air at room temperature. The tubers, including their peels, were then shredded using a manual grinder.
The ground tuber material was weighed using an electronic Precisa scale (Switzerland) and used to prepare a
10% tincture in 70% ethanol. The resulting tincture was poured into a dark glass bottle with a tight seal and
stored in a dark place at room temperature. Twice daily, the tincture was agitated, and this process continued
for 14 days until the tincture reached readiness. On the 15th day, the tincture was filtered through dense gauze
and subsequently filtered through filter paper. The prepared 10% tincture in 70% ethanol was then stored in a
refrigerator (+4 °C) and utilized for the experimental study.

Experimental animals and husbandry

We acquired 22 male Abyssinian breed guinea pigs, all approximately 48 months old and with an average
weight of 682 g (ranging from 489 to 792 g), from a private guinea pig producer. The animals were clinically
healthy at the time of purchase. They were housed in two isolator cages: one measuring 98.7 cm x 347.89 cm
x 54.3 cm for 10 control animals and the other measuring 110.3 cm x 398.73 cm x 54.6 cm for 12 experimental
animals. The cages were handmade and contained sun-dried clean straw bedding, as well as cardboard huts for
enrichment. Bedding was changed every two days or more frequently if necessary. The animals were kept in a
room with a temperature ranging from 22 to 26 °C and humidity between 40% and 75%. Guinea pigs had ad
libitum access to rodent chow and water. The conditions of animal maintenance and nutrition were in
accordance with previously described guidelines [13,14].

The animals were allowed to acclimate in the vivarium for 10 days after delivery before they were used for the
study. The research protocol was approved by the Ethics Committee for Animal Experimentation of Kyrgyz-
Turkish Manas University, Kyrgyz Republic (Ne7, 20/12/2019).

Treatments and handling

During the 10-day adaptation period, we closely observed the behavior of the guinea pigs, monitoring their
physical activity and body weight. Based on these observations, the experimental animals were divided into
two groups. Both the control and experimental groups were formed according to the aforementioned principle,
with the control group consisting of 10 male animals and the experimental group consisting of 12 male animals.
Both groups were maintained under the same conditions.

Each day, from 8:00 to 9:00 a.m., the experimental animals received 150 pl of kuchala tubers tincture orally,
while the control group received 150 pl of normal water orally, for a duration of 30 days. Subsequently, we
observed the behavior of the animals through a window in the adjacent room and documented any changes in
their behavior.
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Blood collection

Blood samples were collected from each guinea pig twice: once five days before the start and once after the
completion of administering the tuber tincture, while the animals were under isoflurane anesthesia (3% to 5%).
Blood was drawn from the cranial vena cava using a method previously well described in the literature [15].
Throughout the phlebotomy procedure, strict adherence to aseptic and antiseptic protocols was maintained. A
25-gauge, 5/8-inch needle attached to a 3 ml syringe (Zhejiang Huafu Medical Equipment Co. LTD, China)
was used to obtain blood from the cranial vena cava. The collected blood was immediately transferred into
Gel/Clot Activator (GD060SGC) tubes for serum collection and EDTA.K3 (GD060EK3) tubes for general
blood analysis. Additionally, blood smears were prepared for cytological examination.

Blood analysis

The collected blood samples were stored for up to 2-3 hours before processing in a refrigerator at 4°C.
Subsequently, the blood samples were submitted to a human clinical-diagnostic laboratory for processing and
analysis. Hematological analysis was performed using an APUIA 560 Hematology System (Siemens,
Germany) for 1-2 minutes, while serum biochemistry analysis was conducted using a Beckman Coulter AU
480 analyzer (USA-Japan) for 15-20 minutes. Immune chemiluminescence tests were analyzed using an
ImmuLite 2000 XPi Immunoassay system (Siemens, Germany) for 1 hour and 6 minutes. These machines
undergo routine calibration every 6 months by service professionals using commercial calibration standards.
An Erythrocyte Sedimentation Rate (ESR) was determined manually. Blood smears were prepared and stained
with MGG Quick Stain (04-090805, Bio Optica Milano s.p.a.) using a flooded slide preparation method for
microscopic examination.

Necropsy

The anesthetized animals were euthanized by exsanguination and then underwent necropsy following standard
procedures [16]. The heart, liver, and testes were extracted, and their gross anatomy data, including color,
consistency, and blood filling, were studied. Morphometric parameters of the liver and testes, such as length,
width, and thickness, were recorded. The weight of the organs was measured using an electronic weight scale
(Precisa, Switzerland).

Histology

Tissue samples from the testes and liver for microscopic study were fixed in neutral buffered 4% formaldehyde
(pH 7.4) overnight at room temperature. Following standardized histological processing to paraffin, sections
4 um thick were cut using an automated Leica RM2255 rotary microtome. These sections were then stained
with hematoxylin and eosin. Observation and photography were conducted using a Nikon ECLIPSE 50i
microscope equipped with a Nikon Digital Sight DS-Fil camera.

Statictical analysis

The hematological and serum biochemical data obtained were subjected to statistical processing using software
(Microsoft Excel). Mean, standard deviations (SDs), median, Student’s t-test, minimum, and maximum values
were calculated. A p-value of less than 0.05 was considered statistically significant.

Results

Physical characteristics of tubers and tincture

The dried kuchala tubers are primarily discoid, ranging from 2 to 6 cm across and 2 to 2.3 c¢m thick. The peel
is light brown and hard, flaking off into small, hard scales during cleaning. Beneath the hard peel, there is a
soft, thin, easily removable shell of yellowish-white color. Upon transverse sectioning, the tuber exhibits a
yellow-white color, is easily cut, and has a soft consistency akin to plasticine. The tubers can be easily pressed,
forming a mushy oily mass. They do not emit a pungent smell, but upon tasting, a strong bitter taste reminiscent
of spicy pepper develops after a few moments, lingering for an extended duration. The prepared 10% tincture
of tubers in 70% ethanol is transparent, viscous, and yellowish-reddish in color. It possesses a distinctive bitter
smell, distinguishable from the odor of alcohol.

Animal behavior

The behavior of animals in both the control and experimental groups was observed from an adjacent room
through a window, and the observations were recorded. Both groups exhibited an active lifestyle, frequently
engaging in running, playing, and occasional fighting among themselves. They also displayed healthy appetites
and consumed food well. However, over time, a noticeable increase in appetite and activity was observed in
the experimental animals compared to the control group. Experimental animals displayed heightened
aggression, often engaging in fights among themselves and occasionally climbing on the sidewalls of the
isolator cage.
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Hematology

We observed no adverse effects in terms of clinical signs of anemia or other disorders after guinea pigs were
phlebotomized under isoflurane anesthesia. Common hematology parameters including WBC, neutrophils,
lymphocytes, monocytes, eosinophils, basophils, RBC, Hgb, Hct, MCV, MCH, MCHC, color indicator,
erythrocyte sedimentation rate, platelets, and mean platelet volume were evaluated (Table 1). The results of
the study revealed several significant differences in blood parameters between the control and experimental
groups (Fig. 1).

Neutrophil percentage in experimental animals was significantly lower (%p<0.001) than in control animals,
while lymphocyte counts were significantly higher in experimental animals (%p<0.001). RBC counts, Hgb, Hct,
MCH, and MCHC were significantly higher in experimental animals (%p<0.001; 9p<0.001; °p<0.01; %p<0.001;
4p<0.001, respectively) compared to control guinea pigs. However, the color indicator and mean platelet
volume were significantly higher in control animals (®p<0.05; p<0.001, respectively) compared to
experimental animals.

Other hematological parameters such as WBC, monocytes, eosinophils, basophils, MCYV, erythrocyte
sedimentation rate, and platelets between the animal groups were not statistically significant.

Note: The hematological and serum biochemistry parameters of the animals obtained before the experiment
showed almost no difference compared to the animals in the control group. Therefore, only the parameters of
the control group animals were presented.

Table 1 Hematological parameters for control and experimental guinea pigs

Control group (n = 10) Experimental group (n = 12)
Blood parameters Mean SD Media Min  Ma Mean SD  Median Mi  Max
n X n
WBC (x10%/L) B%i; 1-28 21 55 o1 7.94+1.00 3.48 7 4 152
H (VAL
Lymphocytes (%)° 394 275 - L. 52:83[,* 1066 565 40 71
Monocytes (%) g.-ggﬂi 0-;’1 s 4 7 458+089 309 35 2 11
Eosinophils (%) g.-jgig 1-;337 5 0 4 542+165 571 4 0 20
Basophils (%) 8.?62 0-51 o o 1 0.08+008 029 0 0 1
RBC (x10%2/L)¢ %Eﬁ(;: 0-;’)4 16 39 49 538+003" 010 535 53 56
b G/aL o4 3 5 1w ws 1w 3% 145 147 160
o\

AT S W e s G e o
V) e S A am me T ows
MCH (pg) | 261.%; 1.:6 ", 291. 2;3. 52:8;?; 2057 515 2;3. 055
MCHC (g/dL) 35.;2; 0.23 3@.4 3;). 333. 715322?636di 453.5 685 352 1910
Color indicator® 8:(8)(8);; 0'32 088 °é8 09 0.85+0,00 001  0.855 °é8 0.87
Ery_throcyt(_e

?emdr'nf?ﬁ::;‘;'ongfate g;f;; Og’l s o a 2254013 045 2 2 3
Flatelets 6AoTL) 33.%2: 7';17 303 289 310 Sg%%i 76.38 3355 235 494
%?S&E'Z}E')ﬁt 3:327{; 0-611 24 73 77 458+030 104 48 31 °

Note: "P < 0.05; °P < 0.01; 9P < 0.001.
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Fig 1 Hematological parameters (mean+s.e.m.) that were significantly different between the control and experimental
groups of guinea pigs. Notable differences were observed in the percentage of neutrophils (¢p<0.001), lymphocytes
(“p<0.001), RBC (%p<0.001), Hgb (4p<0.001), Het (°p<0.01), MCH (4p<0.001), MCHC (“p<0.001), color indicator
(°p<0.05), and mean platelet volume (‘p<0.001).

Serum biochemistry

In this study, several serum biochemical parameters including ALT (alanine aminotransferase), AST (aspartate
aminotransferase), glucose, and testosterone were evaluated (Table 2). As a result, three of these parameters
(ALT, AST, and testosterone) showed significant differences between the control and experimental groups of
animals (Fig. 2). ALT and AST percentages in experimental animals were significantly lower than those in
control animals (both 9p<0.001). Additionally, the testosterone concentration was considerably higher
(4p<0.001) in experimental guinea pigs. However, the glucose percentage in serum was not statistically
significant between the studied animal groups.

Table 2 Serum biochemistry parameters for control and experimental guinea pigs

Control group (n = 10) Experimental group (n = 12)
Serum parameters Mean SD Median Min Max Mean SD  Median Min  Max
ALT (U/L)
63.65 B8+ 459 556 486 6393
" 1.33
0.5219 1.647 64.25 60.7 654
AST (U/LY?
78.29 6078+ 694 6285 4767 69.9
N 2.00

3.096% 9.790 80.05 58.2 90.9
Glucose (mmol/L)

9-i77 920+039 135 95 699 11.08
0.621 1.963 9.92 691 135

Testosterone

(an'/L)d 9.533 21.73 +

i 5114 7.32 20.95 114 315

0.184 0.583 9.615 8.63 104

Note: 9P < 0.001.

184



Aldayarov and Tulobaev, International Journal of Life Sciences and Biotechnology, 2024 7(3): p. 180-188.

= Control group = Experimental group
S 150
= 78,29
§ 100 63.65 55,82 60,78
E 5 - =t %_ - 9877 g, 9533 21,73
N = 1= | = 1= i S o B
o = - o
E 50 ALT AST Glucose Testosterone
PLASMA BIOCHEMICAL PARAMETERS

Fig 4 Serum biochemistry parameters (mean + s.e.m.) of guinea pigs in control and experimental groups are presented.
Apart from the percentage of glucose in serum, notable differences were observed in the percentages of ALT (4p<0.001),
AST (4p<0.001), and testosterone (“p<0.001).

Gross anatomy and histology

A comparative analysis was conducted on all internal organs, with special attention given to the heart, liver,
kidneys, and testes in both control and experimental groups. Results from the visual examination, including
color, consistency, and degree of blood filling of the aforementioned organs in necropsied guinea pigs from
both groups, did not reveal any significant differences. Similarly, comparative morphometric studies,
encompassing organ weight, width, length, and thickness, for the liver and testes showed no statistically
significant disparities between the groups. As a result, comparative morphometric data for the studied organs
were not provided.

Microscopic examination of blood smears also demonstrated no noticeable differences or changes between the
control and experimental groups of animals. The only distinction observed was in the white blood cell (WBC)
count of guinea pigs in the experimental group, as depicted in Figure 3, without a detailed description of the
structural features of each cell.

Fig 3 White blood cells (WBCs) commonly observed in guinea pig blood smears. (2) Lymphocyte with the largest
nucleus and a small cytoplasmic rim, (b) bean-shaped nuclear monocyte, (c) segmented neutrophil, (d) eosinophil
with purple-colored granules in the cytoplasm, (e) basophil with characteristic blue-purple granules, and (f) Foa-
Kurloff cell with a pink intracytoplasmic inclusion body. Staining: MGG Quick Stain, magnification x100 (oil
immersion).

Microscopic examination of the control guinea pig liver revealed normal hexagonal hepatic lobules of various
sizes, containing hepatocytes, a central vein with blood cells, sinusoids with some empty spaces, and Kupffer
cells lining the sinusoids in different locations (Fig. 4a). In comparison, liver sections from experimental
animals appeared paler than those from the control group. The liver cords, sinusoids, intensely stained Kupffer
cells, several apoptotic figures, and apoptosomes were clearly visible (Fig. 4a*).

Histological examination of the control guinea pig testes section showed tubular glands and intertubular
connective tissue, characterized by Leydig cells. The round-oval seminiferous tubules varied in size and were
surrounded by loose vascular connective tissue, forming testicular lobules. The coiled seminiferous tubules
were lined with multilayered spermatogenic cells at different developmental stages and sustentacular (Sertoli)
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cells (Fig. 4b). There was a decrease in the number of spermatogenic cells in the seminiferous tubules. In
contrast, experimental testis sections showed restoration of spermatogenesis in the seminiferous tubules (Fig.

Fig. 4. Photomicrographs of p
(b*) testis of guinea pigs. (a) Intensely stained normal hepatic lobule with hepatocytes, sinusoids, and some macrophages.
(a*) Pale-stained experimental hepatic lobule with clearly visible sinusoids, some intensely stained Kupffer cells, and
apoptotic figures. (b) Control testis section showing round-oval seminiferous tubules with multilayered spermatogenic cells
and sustentacular cells. (b*) Experimental testis section showing a similar picture (b*), with an increase in spermatogenic
cells. Staining: Hematoxylin and eosin, x20 (a, a*) and x40 (b, b*). 4b*). The quantity of spermatogonia, primary
seminiferous tubule was filled with developing spermatozoa.spermatocytes, and spermatids increased, and the
lumen of the seminiferous tubule was filled with developing spermatozoa.

Discussion

Our study delves into the medicinal efficacy of kuchala (4rum korolkowii Regel) tuber, a traditional remedy
with roots in Asian folk medicine, particularly among the Kyrgyz people. By exploring its effects on male
potency and reproductive health, we bridge the gap between traditional knowledge and modern scientific
inquiry.

The traditional use of kuchala tubers in preparing kumys, a revered fermented mare's milk drink, underscores
its significance in Kyrgyz culture [11,12]. References to ancient texts, such as those of Avicenna, further
highlight its purported benefits in stimulating sexual desire and cleansing the kidneys. Despite its longstanding
use, detailed recipes for kuchala-based remedies remain somewhat elusive, adding an aura of mystique to its
therapeutic potential.

Utilizing guinea pigs as our experimental model offers several advantages [17-18]. Their morphofunctional
similarities to humans, particularly in reproductive physiology [19-25], make them invaluable for studying
male potency and related disorders. Furthermore, hematological and serum biochemical analyses provide
valuable insights into physiological changes induced by experimental interventions [15,26].

Our study's focus on adult male guinea pigs, mirroring age-related declines in testosterone levels akin to those
observed in aging men, strengthens the relevance of our findings to human health. The observed increases in
testosterone levels and improvements in spermatogenesis among experimental animals treated with kuchala
tuber tincture underscore its potential as a natural remedy for enhancing male reproductive function.
However, the presence of aberrant hematological parameters raises concerns regarding potential toxic effects
of the tincture. This highlights the importance of dosage optimization and careful consideration of
administration protocols to minimize adverse outcomes. The observed alterations in liver microstructure and
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serum biochemistry parameters further emphasize the need for cautious experimentation and thorough
assessment of safety profiles.

Our study contributes to the scientific validation of traditional remedies while also advocating for further
research to refine dosage regimens and elucidate mechanisms underlying therapeutic effects. By bridging
traditional knowledge with modern scientific inquiry, we pave the way for the development of safer and more
effective treatments for male reproductive disorders.

In conclusion, our findings underscore the potential of kuchala tuber tincture as a promising avenue for
enhancing male potency and reproductive health. Through rigorous experimentation and collaborative efforts
between traditional healers and modern researchers, we can unlock the full therapeutic potential of natural
remedies like kuchala, enriching our understanding of human health and well-being.

Conclusion

Our study demonstrates that the administration of a 10% kuchala (Arum korolkowii Regel) tuber tincture in
70% ethanol has a beneficial impact on enhancing the sexual potency of aged male guinea pigs. This effect is
attributed to the increased production of testosterone and enhanced spermatogenesis observed in the
experimental group.

Furthermore, our findings suggest that any potential toxic effects of this tincture on the animal organism can
be mitigated by reducing the dosage. Future research endeavors will focus on determining the optimal
concentration of the drug, specifically the tincture in ethanol, to maximize its therapeutic benefits while
minimizing adverse effects.

These results provide valuable insights into the potential use of kuchala tuber tincture as a natural remedy to
address age-related sexual potency issues in male guinea pigs. Further exploration in this direction holds
promise for the development of novel therapeutic interventions for similar conditions in humans.
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ABSTRACT ARTICLE HISTORY
Climate change threatens economies worldwide by disrupting food and water supplies, Received

necessitating complex statistical models to forecast crop yields. Turkey, heavily reliant 21 May 2024

on agriculture, requires economic analyses of the intricate links between climate ?ggeptegoz .
variability and resource availability to mitigate climate change impacts through une

effective policies. Recent predictive modeling incorporating meteorological data KEYWORDS
demonstrates the feasibility of anticipating monthly precipitation in Tiirkiye. The study Climate Changes,
demonstrates the effectiveness of using monthly relative humidity and average Acrtificial Neural
temperature data from 1970 to 2021 for precise precipitation predictions by applying Networks,

artificial neural networks. The study's conclusions have important ramifications for Radial Basic Function,
raising agricultural output. Accurate monthly precipitation estimates enable Multi Linear Regression,
stakeholders to make well-informed decisions on the development of grain crops, Rainfall,

improving agricultural practices and raising sector productivity overall. Agriculture Economy

Introduction

The growing strain on the planet's limited resources emphasizes how important it is to have long-term plans
for anticipating climate change, especially when it comes to promoting economic expansion. These days,
climate data is essential to everything from international relations to hydrology to economic planning,
healthcare, especially in industrialized countries, and agricultural and resource management [1]. As a result,
there's an increasing need to use cutting-edge approaches, including machine learning techniques, to create
prediction models meant to reduce the dangers related to climate change. These predictive models serve as
invaluable tools, elucidating the requirements of both producer and user communities, thereby facilitating
informed decision-making processes.

These forecasting models are quite useful since they clarify the needs of the production and user communities,
which helps with well-informed decision-making. About 80 million people in Turkey depend on agriculture
for their fundamental necessities, making it an essential sector of the national economy. That's why many
studies have been done on agricultural economics [2-4].The extensive use of machine learning in predictive
analytics has led to a revolution in recent years [5, 6].

Many methodologies fall under this umbrella, such as random forest, artificial neural networks, naive bayes,
multi linear regression, and K-nearest neighbor. These advanced analytical procedures enable identifying
historical rainfall patterns that are predictive of drought. The drought of 2021 caused a concerning 17.6%
slump in wheat production in Turkey, from 20.5 million tons in 2020 down to 17.6 million tons. This alarming
downward trend points to significant declines in broader grain production as well, with overall output
dramatically plunging 14.3% year-over-year to just 31.9 million tons in 2021, according to data from the
Turkish Statistical Institute [7].

Machine learning has become a powerful tool for accurate prognostication across a variety of domains,
including health [8], animal husbandry [9], agriculture [10], sports [11], economy [12], and industry [13].
This research sets out on a critical exploration, proving the effectiveness of machine learning in predicting
rainfall, a critical component determining the incidence of droughts.

Using a dataset that includes 624 data points from the Konya General Directorate of Meteorology [14] covering
Turkey's 12-month relative humidity, average temperature, and precipitation records from 1970 to 2021, this
study uses three different machine learning techniques: radial basis function, multiple linear regression, and
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artificial neural networks. Among the models that have been studied, artificial neural networks stand out as the
most effective in making predictions.

The rest of the paper is organized as follows: in the next section we describe the effect of clmate change on
agriculture and economy. In Section 3 we introduce preceding related work. In section 4 we expose the research
method followed. In Section 5 and 6, we present the used software and performance criteria and finding
obtained, respectively. The paper ends with a conclusions.

The Effect Of Climate Change On Agriculture And Economy

Rising sea levels, altered precipitation, and increasing temperatures signify climate change, posing a major
threat to Earth. More frequent and intense extreme weather also surfaces in the short-term from unpredictable
weather patterns. Greenhouse gas emissions, chiefly from burning fossil fuels, livestock production, rice
cultivation, and nitrogen fertilizers, drive climate change. Like a greenhouse, these gases trap solar radiation
in the atmosphere [15]. Figure 1 shows agriculture's outsized role, generating nearly half of all emissions.
Industry and transportation also contribute substantially as the other major greenhouse gas emitters at 23% and
17% of total emissions, respectively.

Greenhouse Gas Emissions by Sectors

A

manufacturing industry
and construction
» fugitive emissions industrial processes n buildings B trash

= electricity & heating ® transportation m agriculture

® forestry and land use = other fossils

Fig 1 Greenhouse Gas Emissions by Sectors (2019) [10]

The average sea level has risen due to the melting of glaciers in Greenland and the Arctic, but within the past
100 years, weather patterns have gotten more unpredictable and extreme weather events have been more
destructive, raising the sea level by 4.10-20 centimeters.

Although in 2011 the average amount of greenhouse gas emissions per person in high-income countries was
ten times that of poor countries, in 2013 China surpassed the European Union (EU) by 6.8 tons with 7.2 tons
of carbon per person [16].

Digital technology integration has promise for reducing the impact of climate change. Energy management
techniques can be updated with the use of robotics, artificial intelligence (Al), sensors, and Internet of Things
(loT) devices. This will increase energy efficiency in all industries. To achieve the UN's sustainable
development goals, it is especially important to recognize the possible negative effects of these technologies
on the labor force and the production of electronic waste.

Figure 4 shows observations that show a partial decline in wheat production in Turkey throughout time, with
the drought in 2021 being especially noteworthy. Therefore, in addition to deploying sensor technology for
optimal irrigation techniques, it is necessary to use cutting-edge approaches like artificial intelligence and
machine learning for precise rainfall and temperature projections.

Production quantity graphs also show the price pattern suggested by the spider web theory, which is that prices
vary according to supply quantities from prior years. Turkey's annual production of barley varies from year to
year, however it has been declining since 2019.

190



Erdal Tiimer and Kabaklarhi, International Journal of Life Sciences and Biotechnology, 2024 7(3): p. 189-197.

12 000 000
25000000 10 000 000
8 000 000
e 6 000 000
00 000 4000 000
2 000 000
10000 000 0
0 o NSO M O OO N 1N o0
00 OO OO OO O O O O o o « o
50000 22232 RKRKRIRIILRR
Fig 2 Tiirkiye Wheat Production (Ton) [17] Fig 3 Tirkiye Barley Production (Ton) [17]

The General Directorate of Meteorology's analysis of relative humidity statistics from 1970 to 2021 reveals a
consistent drop in humidity levels over time, as seen in Figure 4. Simultaneously, analysis of temperature data
for Tirkiye from 1970 to 2021 shows a significant 1-degree rise in average temperature, from 13.5 to 14.5
degrees Celsius (Figure 5).
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Fig 4 Annual Average of Monthly Humldlty Fig 5 Annual Average of Monthly
Values in Tiirkiye (1970-2021) Temperature Values in Tiirkiye (1970-2021)

The observed patterns of decreasing humidity levels, rising average temperatures, and notable variations in
maximum and lowest temperatures across the study period highlight the importance of precisely assessing
climate change parameters. These kinds of discoveries play a critical role in shaping policy interventions and
adaptive solutions meant to lessen the negative effects of climate change.
Digital technologies can lead to climate change mitigation. Energy management and energy efficiency can be
raised in all industries with the use of sensors, the Internet of Things, robotics, and artificial intelligence.
However, when considering the United Nations sustainable development goals, its detrimental effects on the
workforce and the quantity of electronic waste it produces also have an adverse effect.
Literature Review
In the study [18], the Penman-Monteith method combined with an Artificial Neural Network (ANN) predicted
the impact of climate change on evaporation rates in Cyprus's Kyrenia and Larnaca regions through 2050. The
results show ANN's efficiency in forecasting future evaporation, with R2 coefficients ranging from 0.8959 to
0.9997 for Kyrenia and 0.8633 to 0.9996 for Larnaca.
Previous research, including [19], demonstrates ANN's superiority in predicting energy demand over simpler
methods like linear regression. However, these studies didn't employ optimization methods to assess climate
change's effects on hydropower and energy demand [20].
[21] found that ANN provides accurate predictions for energy efficiency, with a determination coefficient of
60.99%, indicating reliable results.
The study on California's energy demand [22] showed that climate change, particularly temperature variations,
could significantly affect electricity consumption and costs.
[23] explored climate change's impact on hydroelectric energy, energy demand, and the supply-demand
balance using an ANN and the Enhanced Electromagnetic Field Optimization (IEFO) algorithm. Their research
forecasts a notable decrease in hydroelectric production due to temperature rises and changing precipitation
patterns, by up to 14,765 MW in future scenarios.
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In [24], the authors have developed artificial intelligence models with rapid decision-making ability to
understand the impact of climate change on water resources. The study involves predicting evaporation in the
Karaidemir Dam in Turkey with artificial neural networks (ANN). Daily meteorological data covering the
irrigation season are provided for a 30-year reference period. Bayesian Regularization (BR), Levenberg-
Marquardt (L-M) and Scalar Conjugate Gradient (SCG) learning algorithms were used. The results obtained
revealed that the ANN model has statistically high performance in prediction with few input parameters.

The authors made the following claims in [25]:

i. Global drylands, where 38% of the world's population resides, present significant challenges such as low
water productivity and scarcity.

ii. There are fields that are over- or under-irrigated due to incorrect irrigation techniques.

iii. Smart irrigation models can be developed that take into account soil characteristics, climate change, plant
responses to water scarcity and weather changes. vi. Algorithms such as artificial intelligence and deep learning
(fuzzy logic, expert systems, artificial neural networks and hybrid intelligent systems) can be used for models.
v. Model predictive irrigation systems will offer high water use efficiency.

The literature makes clear that various machine learning algorithms have been used to create smart models
incorporating climate change characteristics for a variety of uses. They made an effort to forecast how
evaporation rates, energy consumption, and water supplies will be affected by climate change. On the other
hand, no research on agricultural economic efficiency has been located. In order to maximize agricultural
economic efficiency, this research focuses on using machine learning algorithms to estimate monthly rainfall.

Methods

Artificial neural network

A neural network is a computational structure inspired by the study of biological neural processing. The
purpose of Artificial Neural Networks (ANN) is to find the relationship between input and output values by
performing internal calculations [26]. ANN operates in two stages: training and testing. During training, input
and output data sets are used to adjust the network's parameters. Artificial neural networks typically comprise
three layers: input layer, output layer, and one or more hidden layers, each containing numerous interconnected
neurons (Figure 6)

Output Layer

Hidden Layer
Fig 6 Architecture of Artificial Neural Network

Radial basic function

The function utilized in a radial basis neural network describes any real-valued function whose output relies
solely on the distance of its input from an origin. The radial basis neural network (RBF) shares structural
similarities with a multilayer perceptron. However, the RBF is constrained to feature precisely one hidden
layer (see Figure 7). Within artificial neural networks, a radial basis function serves as the activation function.
The Gaussian variation of this function is a widely adopted alternative. A Gaussian formula with one-
dimensional input can be expressed as:

1 _(e=w)?

&)

fx) =——=e
Here, x denotes the input, u represents the mean or center of the Gaussian, and o is the standard deviation
controlling the width of the function's peak. The Gaussian function assigns higher weights to inputs closer to
the center, gradually decreasing as the distance from the center increases, capturing the radial nature of the
function.

This activation function enables the radial basis neural network to effectively model complex relationships
within data, making it suitable for various tasks such as function approximation, classification, and regression.
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Additionally, its single hidden layer architecture contributes to faster training and simpler optimization
compared to deeper neural networks.

Input Layer

Radial Basic
Function

Output Layer

Fig 7 Architecture of Radial Basic Function

Multi linear regression

Multiple linear regression (MLR) refers to a statistical technique that uses two or more independent variables
(input) to predict the outcome of a dependent variable (output). Its purpose is to model the linear relationship
between inputs and output(s). It is expressed by equation 2.

y = bo + b1x1 + bzXz + b3X3+ TN bnxn+6 (2)

Here, y is the predicted variable, b, is constant term, b; ’s (i=1,2...n) are the regression coefficients and € is
the model’s error term.

Data collecting

The Konya General Directorate of Meteorology provided the data used in the models. Sixty-four data points
covering the twelve-month period from 1970 to 2021 are included in total. These data, which were gathered
monthly over a 52-year period, include measures of relative humidity, average temperature, and precipitation
amounts. Given the comprehensive nature of these data, which cover all seasons over this extended period,
they were deemed sufficient for capturing potential seasonal variations. Relative humidity and average
temperature serve as the input parameters, while precipitation amount serves as the output parameter. The
training and simulating subsets of the proportion were 75-25%, respectively. The training data-set was divided
into three subsets (training 70%, testing 15% and validation 15%). Table 1 presents a detailed overview of the
input and output parameters along with their respective statistics.

Table 1 Data ranges and statistic
Data Statistic

Parameters
Ranges Mean + S.D. Unit
Input Layer
Average Relatively 5 57000 217141105 grm?
Humidity
Average 265-1540 -093+886  °C
Temperature
Output Layer 0.00 - 24 27572739  mm

Average Rainfall

Used software and performance criteria

The models developed in this study were tested and simulated using Weka 3.8.5 software, developed by the
University of Waikato in Hamilton, New Zealand. Various configurations of layers and neuron parameters
were explored to determine the optimal architecture for the developed ANN models. Several methods exist for
evaluating the performance of models generated through different machine learning techniques. As certain
performance criteria are commonly employed across various studies[27]), they were likewise adopted in this
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research. Specifically, Root Mean Squared Error (RMSE) and Coefficient of Determination (R2) were utilized
as performance metrics. The formulations for these performance measures are provided below:

1
RMSE = \/;Zrll(yexp,i - Yprd,i)z (3)
Zn(y rd,i—Yex i)z
R? = 1 — 20praiYeapi? 4
Z?=1(Yprd,i_ym)2 ( )

Y,rq IS the predicted data, Ye,,, is measured data and Y;,, is the the total number of data.

For RMSE, the sum of the squares of the differences (i.e. errors) between the Actual Values and Predicted
Values is divided by the number of observations and then the square root is taken. When adding errors, errors
are squared to prevent positive and negative values from canceling each other out. However, to prevent
swelling caused by this process and to make more accurate measurements, square roots are taken.

RMSE is used to quantify the difference between a machine learning model’s anticipated and actual value.
The range of the RMSE value is 0 to «o. When the RMSE value is 0, it means that the model has successfully
memorized the dataset and has made no mistakes. The model is considered more successful the closer the
RMSE is near 0.

In a similar vein, the closer the R? value is to 1 (100%), the more successful the prediction is considered.
However, a score of 100% indicates that the model might be overfitting the data, which compromises the
model's dependability when R? is used as the machine learning performance criterion.

Findings

In this study, 624 datasets—the statistical details of which are given in Table 1—were used in an attempt to
determine the quantity of rainfall that occurs on average each month in Tiirkiye. These datasets were acquired
from the Konya General Directorate of Meteorology and span the years 1970-2021. Three different machine
learning methods were employed for this purpose.

Avrtificial neural network findings

Various ANN models were created with different hidden layers and neuron numbers to predict Turkey's
monthly average rainfall. The feedforward backpropagation algorithm, featuring a single hidden layer and
neuron, demonstrated the best efficiency in estimating the average rainfall. Figure 8 displays the most suitable
ANN model of graph comparing the estimated values of the model with the actual values.

Figure 8 displays the most suitable ANN model that comparing the estimated values of the model with the
actual values.

Actual Data and Predicted Data with ANN
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Fig 8 Actual Data and Predicted Data with ANN

The performance criterion results of the ANN model are presented in Table 2.

Table 2 Performance of ANN

Model RMSE R?

ANN 18.20 0.67
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Radial basis function findings

Observations indicate that the findings of RBF do not outperform those of artificial neural networks. The R?
value for ANN is 0.67, whereas for RBF it is 0.54. This means that while ANN achieved a 67% success rate
in prediction, RBF's prediction success rate was 54%. Figure 9 displays a graph comparing RBF prediction
results with actual values, while Table 3 presents RBF performance based on performance criteria.
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Fig 9 Actual Data and Predicted Data with RBF

Table 3 Performance of RBF

Model RMSE R?

RBF 20.29 0.54

Multiple linear regression findings
MLR findings showed similar success to ANN performance. The coefficient of determination was 0.67 in both
machine learning methods. The graph comparing the prediction results of the MLR with the actual data is
presented in Figure 9. The performance criteria table is also shown in table 4. Figure 9 displays a graph
comparing the prediction results of the MLR with the actual data, while Table 4 presents the performance
criteria.
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Fig 9 Actual Data and Predicted Data with MLR

Table 4 Performance of MLR

Model RMSE R?

MLR 17.25 0.67
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Conclusion

Climate change, resulting from increased levels of greenhouse gases, is the most critical global environmental
issue today. This phenomenon occurs over many centuries. The results show that calculating climate change
characteristics is important, as evidenced by the considerable changes in maximum and lowest temperatures,
the 1 degree increase in average temperature, and the decrease in humidity between 1970 and 2021. The root
mean square error (RMSE) and coefficient of determination (R?) between the measured and predicted outcome
variables were used as performance metrics to assess the study's outcomes. R2 for the MLR and ANN models
is 0.67. Because of this, it was discovered that the ANN and MLR models created in this study were more
successful and palatable than the RBF model. The average amount of rainfall may be successfully estimated
using the ANN and MLR approaches. It was determined that grain growers and decision makers may utilize it
as a valuable tool for evaluating performance. Also the model we built can be made more accurate and more
broadly applicable by using data that can be gathered from various places and climate conditions. To improve
prediction accuracy and dependability, a variety of machine learning techniques, including the deep learning
algorithm, can be applied. Furthermore, models that use real-time data have the ability to produce more
dynamic predictions and can respond swiftly to sudden changes in the climate through the integration of
various sensors within the framework of the Internet of Things. The energy, water resource management,
aviation and transportation, and healthcare industries can all benefit from using climate change characteristics.
Planning public health initiatives and creating disease control plans can be aided by forecasting the production
of renewable energy sources (solar, wind), managing water better during droughts, maximizing agricultural
water use, minimizing the impact of weather on flight safety and efficiency, and anticipating the spread of
diseases brought on by climate change (e.g., malaria, dengue fever).
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Nitelikli Bal Kabagi (Cucurbita moschata Duchesne) Hatlarimin Fusarium
oxysporum f. sp. cucumerinum’a Dayamkhihik Durumlarinin Belirlenmesi

Fatih ipek! , ibrahim Ozkan!"*' , Ahmet Balkaya?* , ismail Erper??

OZET

Tiirkiye’de hiyar yetistirilen bolgelerde iiretimi sinirlayan 6nemli faktorlerden birisi de
toprak kokenli patojen funguslarin olusturdugu hastaliklardir. Solgunluk hastaligina
neden olan Fusarium oxysporum f. sp. cucumerinum J.H. Owen (FOC), hiyar
yetistiriciliginde verim kaybina neden olan 6nemli funguslardan biridir. Bu hastaligin
miicadelesinde asili fide kullanimi etkili bir yontemdir. Asili hiyar fidesi iiretiminde
anag¢ olarak en fazla bal kabaklar1 kullanilmaktadir. Bu arastirmada, nitelikli 43 bal
kabagi hattinin F. oxysporum f. sp. cucumerinum 'a karsi reaksiyonlarinin saptanmasi ve
patojen ile inokiile edilmis bal kabagi hatlar1 ile kontrol bitkilerinin baz1 vejetatif
bliytime oOzellikleri yoniinden Kkarsilastirilmast amaglanmigtir. Denemede, pozitif
kontrol olarak Nun 9075 ticari kabak anaci ve negatif kontrol olarak Cengelkdy hiyar
¢esidi kullanilmistir. Hastalik testlemesi sonucunda bal kabagi hatlarinda hastalik
siddetinin %0 — 66.67 arasinda degisim gosterdigi belirlenmistir. Ayrica bal kabagi
hatlarmin biiyiik bir gogunlugunun patojene karsi yiiksek diizeyde dayanikli (28 hat) ve
orta diizeyde dayanikli (14 hat) olduklari saptanmistir. Yiksek diizeyde dayanikli
bulunan bal kabagi hatlarinda genel olarak bitki boyu, gévde ¢api, yaprak sayist ve
toplam bitki kuru agirligi parametreleri yoniinden azaliglarin hassas hatlara gére daha
disik oranlarda oldugu bulunmustur. Calisma sonucunda F. oxysporum f. sp.
cucumerinum’a dayanikli olarak tespit edilen ve vejetatif biiylime parametreleri
yoniinden de 6ne ¢ikan timit var bal kabagi hatlari, devam eden kabak anag 1slah
programinda ebeveyn olarak kullanilacaktir.
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Determination the the Resistance Status of Qualified Pumpkin (Cucurbita
moschata Duchesne) Lines Against Fusarium oxysporum f. sp. Cucumerinum

ABSTRACT

One of the significant factors limiting production in cucumber growing regions in
Turkey is diseases caused by soil-borne pathogenic fungi. Fusarium wilt, caused by
Fusarium oxysporum f. sp. cucumerinum J.H. Owen (FOC), is one of the major fungi
causing yield loss in cucumber cultivation. Using grafted seedlings is an effective
method to combat this disease. Pumpkins are the most commonly used rootstocks in the
production of grafted cucumber seedlings. This research aimed to determine the
reactions of 43 qualified pumpkin lines against F. oxysporum f. sp. cucumerinum and to
compare some vegetative growth characteristics of the inoculated pumpkin lines with
the control plants. In the experiment, the commercial rootstock Nun 9075 was used as a
positive control, and the Cengelkdy cucumber variety was used as a negative control.
The disease severity in the pumpkin lines ranged from 0% to 66.67%. Moreover, the
majority of the pumpkin lines were found to be highly resistant (28 lines) or moderately
resistant (14 lines) to the pathogen. In general, the highly resistant pumpkin lines
showed lower reductions in plant height, stem diameter, leaf number, and total plant dry
weight compared to the susceptible lines. As a result of the study, promising pumpkin
lines identified as resistant to F. oxysporum f. sp. cucumerinum and prominent in terms
of vegetative growth parameters will be used as parents in the ongoing pumpkin
rootstock breeding program.
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Giris

Kabaklar, Cucurbita cinsi igerisinde Cucurbitaceae familyasinda yer alan énemli sebze tiirleridir. Cucurbita
cinsi, kiiltiire alinmis bes tiirii icermektedir. Bunlardan yazlik kabak (Cucurbita pepo L.), kestane kabagi
(Cucurbita maxima Duchesne) ve bal kabagi (Cucurbita moschata Duchesne) ekonomik yonden en 6nemli
olanlaridir [1, 2]. Bal kabag tiiriiniin M.O. 3000°li yillarda Peru ve M.O. 2000’lerde Guatemala’da kiiltiire
alindig bildirilmistir [3]. Kiiltiire alinan kabakgil grubu sebze tiirlerinde meyve goriiniimii ve meyve agirhigt
degerleri yoniinden genetik cesitlilik olduk¢a yiiksektir [4]. Giiniimiizde kislik kabaklarda agik tozlanan
cesitler ya da yerel gesitlerle iiretim daha fazla yapilmaktadir. Hibrit ¢esit 1slah1 daha ¢ok yazlik kabaklarda
kullanilmaktadir. Giiniimiizde Cucurbita tiirlerinde 6nemli 1slah hedefleri arasinda hastalik ve zararlilara
dayanikli yeni hibrit ¢esitlerin gelistirilmesi ilk siralarda gelmektedir [2]. Kabakgiller familyasinda tiir i¢i ve
tiirler aras1 melezlemeler, hastaliklara kargi dayanikliligin saglanmasinda ve asili fide {iretimine yonelik anag
1slah1 programlarinda siklikla kullanilmaktadir.

Diinyada ve Tiirkiye’de hiyar ve kavun yetistirilen tiim bolgelerde iiretimi sinirlayan en 6nemli faktérlerden
birisi, toprak kokenli patojen funguslarm olusturdugu hastaliklardir [5, 6, 7]. Bunlarin i¢inde en 6nemlileri ise
Fusarium tiirlerinin neden oldugu solgunluk ve kok ¢iiriikliigii hastaliklaridir. Fusarium oxysporum’un 100°iin
iizerinde konukguya 6zellesmis alt tiirli bulunmaktadir [8, 9]. Ekonomik 6neme sahip hiyar bitkisinde pek ¢ok
patojen hastalik olusturmasina karsin, bunlardan en 6nemlisi F. oxysporum f. sp. cucumerinum J.H. Owen
(FOC)’un yol agtig1 Fusarium solgunlugudur [10]. Ulkemizde tarla ve ortii alt1 hiyar yetistiriciligi yapilan
alanlarda ciddi oranda iiriin kaybina neden oldugu gézlenen patojen, bitkinin herhangi bir gelisme déneminde
enfeksiyon yapabilmektedir [9]. F. oxysporum f. sp. cucumerinum bitkileri 6nce koklerden enfekte etmekte ve
daha sonra iletim demetlerinde kahverengilesme ile yapraklarda sararma seklinde belirtiler olusturmaktadir
[11]. Yash bitkilerdeki enfeksiyon, genellikle baslangigta bir ya da birkag¢ dalin ve daha sonra tiim bitkinin
solmasi ve 3-5 giin sonra bitkinin 6liimii ile sonu¢lanmaktadir. Solgunluk belirtileri sicaklik, su stresi ve meyve
sayisina bagli olarak artis gostermektedir [12]. F. oxysporum’un hiyardan elde edilen patotipleri genellikle
konukc¢uya oOzellesmis olmalarina ragmen FOC, hiyar bitkisinin disinda kavun bitkisinde de hastalik
olusturabilmektedir [12, 13].

Fusarium solgunlugu hastaliginin miicadelesi diger toprak kaynakli fungal etmenlerin miicadelesinden daha
zordur. Bu nedenle hastalik etmeniyle miicadelede, dayanikli ¢esitlerin kullanimi, tarlada bulasik olan
bitkilerin uzaklastirilmasi, miinavebe uygulanmasi, sulama ve toprak islemeye dikkat edilmesi, asir1 azotlu
giibrelerden kacinilmasi, toprak fumigasyonu, solarizasyon, biyolojik miicadele vb. ydntemlerinin birlikte
uygulanmasi gerekmektedir [14]. Bununla birlikte giiniimiizde kabakgil grubu sebze tiirlerinde asili fide
kullanim1 Fusarium solgunlugunun miicadelesinde énemli bir yer tutmaktadir [15]. Hiyarin asilanmasinda;
asilamaya en uygun nitelikli ¢esitlerin (kalem) se¢ilmesi yaninda, giiclii ve uyumlu anaglarin belirlenmesi
biiylik bir 6nem arz etmektedir [16]. Asili hiyar fide iiretiminde anag¢ olarak en fazla tiir i¢i hibrit bal kabagi
anaglart kullanilmaktadir [15, 17]. Ayrica tiirler arasi kestane kabagi x bal kabagi hibrit (C. maxima x C.
moschata) anaglari; melezleme basarisi ve tohum veriminin fazla olmasi, hem kavun-karpuz ve hem de hiyarda
kullanilabilmesi, as1 uyusum oraninin yiiksek olmasi, bitki gelisiminin gii¢lii olmasi, verimi artirmasi ve genel
olarak biyotik/abiyotik stres kosullarina daha dayanikli olmas1 gibi ¢ok sayida avantajlar1 nedeniyle tercih
edilmektedir [15, 18]. Ulkemizde Tohumluk Tescil Sertifikasyon Merkezi’nin 2023 yili kayitlarina gére asih
fide iiretiminde kullanilan 103 ticari ana¢ bulunmaktadir. Bu anaglarin 38 tanesi (34"l standart tohumluk kaydi
bulunan ve 4'i ticari {iretim izinli) kabak anacidir. Ticari anaglarin ¢ok biiyiik bir kismi yurt digindan ithal
edilmektedir. Bu durum fide maliyetinin artmasina neden olmaktadir [19]. Ulkemizde yerli sebze anaglarinin
1slah1 ve gelistirilmesi hem sebzecilik ve hem de fidecilik sektdrii agisindan biiylik bir 6nem tagimaktadir. Bu
amaca yonelik olarak Balkaya ve Yapict [20], tarafindan Universite-Ozel Sektdr Is birligi kapsaminda
ylriitilen bir proje kapsaminda nitelikli bal kabagi germplazmi olusturulmustur. Bu ¢alismada,
karakterizasyonu yapilmis nitelikli bal kabagi hatlarinin F. oxysporum f. sp. cucumerinum’a karsi
reaksiyonlarinin belirlenmesi ve patojen etmeni ile inokule edilmis bal kabag1 bitkileri ile kontrol bitkilerinin
baz1 vejetatif bliylime 6zellikleri yoniinden karsilagtirilmasi amaglanmustir.

Materyal ve Metot

Bu arastirma, Ondokuz May1s Universitesi (OMU) Ziraat Fakiiltesi Arastirma ve Uygulama Unitesinde yer
alan sebze cogaltma serasi ile Bahge Bitkileri Bolimii bitki fizyoloji laboratuvarinda yiriitilmistiir.
Denemede genetik materyal olarak farkli 1slah kademelerinde (S4-S5 generasyonu) saflasmis 43 bal kabagi
hatt1 kullanilmistir (Tablo 1). Calismada ilk asamada, gen havuzunda yer alan nitelikli bal kabagi hatlarinin F.
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oxysporum f. sp. cucumerinum’a reaksiyonlar1 tespit edilmistir. Pozitif kontrol olarak “Nun 9075” ticari kabak
anac1 ve negatif kontrol olarak “Cengelkdy” hiyar ¢esidi kullanilmustir.

Arastirmada hastalik etmeni olarak viriilensi yiikksek F. oxysporum f. sp. cucumerinum (FOC) izolati
kullamlmugtir. Izolat, Bat1 Akdeniz Tarimsal Arastirma Enstitiisiinden (BATEM) temin edilmis ve OMU Ziraat
Fakiiltesi Bitki Koruma Boliimii Fitopatoloji laboratuvarinda kiiltiire alinmistir. Inokulum hazirlama islemi
i¢in izolat, 9 cm ¢apl Petri kaplarindaki Patates Dekstroz Agar (PDA: Oxoid) besi yerinde 25 °C’de 10 giin
stireyle gelistirilmis ve bu kiiltlirlin lizerine saf su eklenerek spatiil yardimiyla kazinmistir. Daha sonra
belirtilen hastalik etmeninin konidilerinin suya gecmeleri saglanmigtir. Hazirlanan siispansiyondaki sporlar,
Thoma laminda (hemocytometre) sayilmis ve konsantrasyonlar1 1x108 konidi/mL olarak ayarlanmustir [21,
22].

Denemede klasik hastalik testlemesi i¢in incelenen bal kabagi hatlarinin tohum ekimi viyollere yapilmustir.
Yetistirme ortami olarak 2:1 (v:v) oraninda torf ve perlit karisim1 kullanilmastir.

Tablo 1 Bal kabagi hatlarinin kayit bilgileri
Table 1 Accession information of pumpkin lines

No Kod Hat No No Kod Hat No
1 FB1 22ANC020-1-1 23 FB24 23ANC145-2-1
2 FB2 22ANC036-1-1 24 FB25 23ANC147-4
3 FB3 22ANC058-1-1 25 FB26 23ANC150-2
4 FB4 22ANC058-2-1 26 FB27 23ANC151-1-1
5 FB5 22ANC058-3-1 27 FB28 23ANC193-4-3
6 FB6 22ANC062-2-1 28 FB29 23ANC194-1-1
7 FB7 22ANC062-3-1 29 FB30 23ANC196-1-1
8 FB8 22ANC073-1-1 30 FB31 23ANC197-3-1
9 FB9 22ANC073-1-2 31 FB32 23ANC199-1-1
10 FB10 22ANCO077-1-1 32 FB33 23ANC200-1-1
11 FB11 22ANC083-1-1 33 FB34 23ANC203-3-1
12 FB12 22ANC085-1-1 34 FB35 23ANC204-5-1
13 FB14 23ANC123-3-2 35 FB36 23ANC206-1
14 FB15 23ANC124-1 36 FB37 23ANC215-2-1
15 FB16 23ANC125-2 37 FB38 23ANC216-2
16 FB17 23ANC128-4 38 FB39 23ANC219-5-1
17 FB18 23ANC130-3 39 FB40 23ANC223-3-1
18 FB19 23ANC132-1 40 FB41 23ANC242-1-2
19 FB20 23ANC134-4 41 FB42 23ANC271-2
20 FB21 23ANC136-3 42 FB43 23ANC273-2-2
21 FB22 23ANC138-4-1 43 FB44 23ANC278-2
22 FB23 23ANC144-3-1

Bal kabagi hatlarina ait fideler, 24 °C sicaklik degerinde (+ 2 °C) iklim odasinda 3-4 gercek yaprakli doneme
kadar yetistirilmistir. Calismada, hastalik testlemesi igin bal kabagi fidelerinde "kok daldirma yontemi"
uygulanmigtir [23]. Bu amagla, fide kokleri musluk suyu ile yikandiktan sonra steril makas yardimiyla
tiraglama islemi yapilarak belirgin yara dokulart agilmistir. Bu islemden sonra fide kokleri daha 6nceden
hazirlamis oldugumuz konidi siispansiyonuna (1x10° konidi mL) batirilarak 10 dakika siireyle bekletilmistir
[24]. Denemede kontrol uygulamasi olarak yer alan bal kabag fideleri ise yine 10 dakika siireyle saf su i¢inde
tutulmustur. Tim fideler, belirtilen uygulamalardan sonra 2:1 oraninda torf-perlit karigimi ile doldurulmus
plastik saksilara (26x19 cm ¢apinda) her bir saksida 1 bal kabag: bitkisi olacak sekilde dikilmistir. Deneme
tesadif parselleri deneme desenine gore kurulmustur. Hastalik bulastirilan ve bulastirilmayan (kontrol) her bir
bal kabagi hattindan toplam 24 bitki (8 bitki x 3 tekerriir) dikilmistir. Belirtilen uygulamalardan sonra sicaklik
kontrollii serada 24 + 2 °C'de bal kabag: bitkileri 3 hafta siireyle yetistirilmistir. Bal kabag: bitkilerinde
morfolojik olarak ortaya ¢ikan belirtiler 21. giin sonunda 0-3 skalasi1 kullanilarak hastalik siddeti yoniinden
degerlendirilmistir [12, 21]. Buna gore sirasiyla 0: Belirti yok, 1: Hafif veya orta derecede solgunluk, kokte
hafif renk degisikligi, 2: Siddetli solgunluk, gévdede ve iletim demetlerinde renk degisikligi 3: Olii bitki,
seklinde degerlendirme yapilmistir. Caligma sonuglarindan elde edilen veriler yiizdelik degerler oldugundan,
varyans analizi yapmak i¢in SPSS istatistik paket programinda arcsin Vx déniisiimii kullanilmistir. Ardindan,
dayaniklilik seviyelerinin oranlar1 Duncan ¢oklu karsilastirma testi ile istatistiksel olarak analiz edilip,
farkliliklar belirlenmistir [21]. Bal kabagi hatlarinda ortaya ¢ikan % hastalik siddetleri, Townsend-Heuberger
formiiliiyle hesaplanmistir [25].
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Hastalik siddetleri: > nxv/VxNx100

n: Aym degerdeki 6rnek adeti v: Skala degeri

V: En yiiksek skala degeri N: Toplam &rnek sayist

Ayrica ¢alismada Martyn ve McLaughlin [26]’e gére; FOC dayaniklilik seviyesi yoniinden gruplandirmalar
yapilmistir. Buna gore

I: %0-20: Yiiksek diizeyde dayanikli (HR)

11: %21-50: Orta diizeyde dayanikli (MR)

I11: %51-80: Diisiik diizeyde dayanikli (SR)

IV: %81-100: Duyarli (S) olarak degerlendirilmistir.

Calismanin ikinci asamasinda, hastalik etmeni ile inokiile edilen ve inokiile edilmeyen (kontrol) bal kabagi
hatlar ile Cengelkdy ve Nun 9075 cesitlerine ait bitkilerde 21. giin sonunda vejetatif biiyiime parametreleri
yoniinden degerlendirme yapilmigtir. Bu amagla bitki boyu (cm), gévde gap1 (mm), yaprak sayisi / bitki (adet)
ve toplam bitki kuru agirlig1 (70 °C’de 72 saat siireyle bitkiler etiivde kurutulmus ve hassas terazide (0.001 g)
tartilmigtir) parametreleri yoniinden incelemeler yapilmistir [21]. Vejetatif biiyiime parametrelerine iligkin
verilerin istatistiksel analizinde, JUMP 5.01 paket programi kullanilmustir.

Bulgular ve Tartisma

Bal kabag hatlarimin F. oxysporum f. sp. cucumerinum’a dayamkhlik reaksiyonlari

Calismada yer alan 43 bal kabagi hattinin virtilent F. oxysporum f. sp. cucumerinum izolatina kars1 gosterdigi
dayaniklilik seviyeleri Tablo 2’de verilmistir. Negatif kontrol olarak kullanilan Cengelkdy hiyar gesidinde
hastalik oran1 %100 olarak belirlenmistir. Pozitif kontrol olarak kullanilan ticari kabak anacinda (Nun 975) ise
hastalik etmenin olusmadig1 ve yiiksek diizeyde dayanikliligin bulundugu tespit edilmistir. Aragtirmada bal
kabagi hatlar1 ve kontrol olarak kullanilan cesitler (Cengelkdy ve Nun 9075) iizerinde FOC etmenine ait
izolatin olusturdugu hastalik siddetleri arasinda istatistiksel olarak onemli diizeyde farkliliklarin oldugu
saptanmistir (P<0,05) (Tablo 2). Klasik hastalik testlemesi sonucunda incelenen bal kabag: hatlarinda hastalik
siddetinin %0-66.7 arasinda degisim gosterdigi belirlenmistir. Negatif kontrol ile kiyaslandiginda bal kabag:
hatlarinin biiyiik bir ¢cogunlugunun yiiksek diizeyde dayanikli (28 hat) ve orta diizeyde dayanikli (14 hat)
olduklar1 saptanmistir. Sadece FB35 nolu bal kabagi hattina ait bitkilerde hastalik siddeti oraninin %66.7
oldugu ve diisiik diizeyde dayanikli oldugu belirlenmistir (Tablo 2). Bu sonug, bal kabag1 hatlarinin biiyiik bir
¢ogunlugunun hastalik etmenine dayanim yoniinden nitelikli genitorler olduklarini géstermektedir. Yine Tablo
2 incelendiginde 20 bal kabagi hattinda hastalik etmeninin hig hastalik olusturmadig: belirlenmistir.

Birgok arastirmada bal kabag1 anaglarinin Fusarium solgunluguna dayanikli oldugu bildirilmistir [15, 27, 28,
29]. Asili hiyarda yapilan bir ¢alismada F. oxysporum f. sp. radicis-cucumerinum (FORC)’a dayaniklilikta bal
kabagi anaglarinin asisiz uygulamaya gore daha iyi performans sergiledigi belirlenmistir [30]. Bu nedenle
yaptigimiz ¢aligma sonucunda hastalik siddeti %0 olan ve yiiksek diizeyde dayanikli olarak belirlenen bal
kabagi hatlarinin gelecekte gerek hibrit cesit 1slahinda ve gerekse hibrit anag 1slah programlarinda nitelikli
ebeveyn olarak kullanimi biiyiik bir 6nem tasimaktadir.

F. oxysporum f. sp. cucumerinum’un bal kabag: hatlarimin baz1 vejetatif biiyiime o6zellikleri iizerine
etkileri

Hastalik testlemeleri sonunda incelenen bal kabagi genotiplerinde vejetatif bilylime yo6niinden etkilenme
durumlar belirlenmistir. Arastirmada FOC izolat1 ile enfekte edilen ve edilmeyen uygulamalarda bitki boyu
yoniinden istatistiksel olarak ¢ok dnemli diizeyde farkliliklar oldugu saptanmistir (Tablo 3). Hastalik etmeni
ile bulagik bal kabagi genotipleri arasinda en yiiksek bitki boyu FB21 nolu hatta 81.1 cm Sl¢ililmiistiir. En kisa
bitki boyu ise sirasiyla FB10 (14.2 cm) ve FB7 (15.1 cm) nolu bal kabag hatlarinda belirlenmistir (Tablo 3).
Kontrol uygulamasinda en yiiksek bitki boyu FB21 nolu hatta (110.2 cm) ve en kisa bitki boyu ise FB39 (26.3
cm) nolu bal kabag: hattinda 6l¢iilmiistiir. Incelenen bal kabag1 hatlarinda kontrol bitkilerinde ortalama bitki
boyu 47.4 cm olarak bulunmustur. Hastalik etmeni ile bulasik bal kabagi hatlarinda bitki boyu ortalamasi 28.7
cm olarak belirlenmistir. Buna gore enfekteli bitkilerde bitki boyunda yaklasik %39,5 oraninda belirgin bir
azalisin oldugu tespit edilmistir.

Arastirma sonucunda, Diisiik diizeyde dayanikli oldugu belirlenen FB35 nolu bal kabagi hattinda bitki boyunda
yaklagik %60 oraninda belirgin bir azalis oldugu tespit edilmistir. Hastalik etmenine dayamkli olarak
belirlenen bal kabagi hatlarinda genotiplere goére degismekle birlikte bitki boyundaki azaliglarin daha diisiik
oranlarda oldugu bulunmustur (Tablo 3).
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Tablo 2 Bal kabagi hatlarinm Fusarium oxysporum f. sp. cucumerinum’a karsi gosterdigi hastalik indeksi, hastalik siddeti
ve dayaniklilik seviyeleri

Table 2 Disease index, disease severity, and resistance levels of pumpkin lines against Fusarium oxysporum f. sp.
cucumerinum

Kod Hastalik indeksi* Hastalik siddeti (%) Dayamikhilik seviyesi**
FB1 0.67 de 22.22 MR
FB2 0.00f 0 HR
FB3 0.00f 0 HR
FB4 0.67 de 22.22 MR
FB5 0.00f 0 HR
FB6 0.33 ef 1111 HR
FB7 0.00 f 0 HR
FB8 0.33 ef 1111 HR
FB9 0.00 f 0 HR
FB10 0.67 de 22.22 MR
FB11 0.33 ef 11.11 HR
FB12 1.00 cd 33.33 MR
FB14 1.33¢c 44.44 MR
FB15 0.00 f 0 HR
FB16 1.00 cd 33.33 MR
FB17 0.00 f 0 HR
FB18 1.00 cd 33.33 MR
FB19 0.33 ef 1111 HR
FB20 0.00 f 0 HR
FB21 0.33 ef 1111 HR
FB22 0.00 f 0 HR
FB23 0.00 f 0 HR
FB24 0.00 f 0 HR
FB25 0.00 f 0 HR
FB26 1.00 cd 33.33 MR
FB27 1.00 cd 33.33 MR
FB28 0.00 f 0 HR
FB29 0.00 f 0 HR
FB30 0.33 ef 1111 HR
FB31 1.00 cd 33.33 MR
FB32 0.67 de 22.22 MR
FB33 0.00 f 0 HR
FB34 1.00 cd 33.33 MR
FB35 2.00b 66.67 SR
FB36 1.00 cd 33.33 MR
FB37 0.00 f 0 HR
FB38 0.00 f 0 HR
FB39 1.00 cd 33.33 MR
FB40 0.33 ef 1111 HR
FB41 0.00 f 0 HR
FB42 0.33 ef 1111 HR
FB43 0.00 f 0 HR
FB44 0.00 f 0 HR
Cengelkoy 3,00a 100 S
Nun9075 0,00d 0 HR
P < 0,05 < 0,05

* 0: Belirti yok, 1: Hafif veya orta derecede solgunluk, kokte hafif renk degisikligi, 2: Siddetli solgunluk, gévdede ve
iletim demetlerinde renk degisikligi, 3: Olii bitki

** 11 %0-20: Yiksek diizeyde dayanikli (HR), II: %21-50: Orta diizeyde dayanikli (MR), III: %51-80: Diisiik diizeyde
dayanikli (SR), IV: %81-100: Duyarli (S)

Denemede pozitif kontrol olarak kullanilan Nun 9075 kabak anacinin kontrol bitkilerinde bitki boyu 27.7 cm
iken enfekteli bitkilerde 16.3 cm olarak ol¢iilmiistiir. Negatif kontrol olarak yer alan Cengelkdy hiyar ¢esidinde
ise tiim bitkilerin 06ldiigii ve bitki boyunun en kisa (0.001 cm) oldugu bulunmustur (Tablo 3). Yapilan
caligmalarda Fusarium solgunlugu etmeni ile bulasik bitkilerde hastalik belirtileri, fide asamasinda hipokotilde
zararlanma ve ¢okerten belirtisi olarak kendini gostermekte, ilerleyen biiyiime ve gelisme donemlerinde ise
bitkide solgunluk semptomu ortaya ¢ikmaktadir [31]. Bu durumda solgunluk, bitkide biiylimenin durmasina
ya da bitki boyunun kisalmasina neden olmaktadir. Kabak anaglarinin agili hiyar yetistiriciliginde vejetatif
bliylime iizerine etkilerinin belirlenmesi iizerinde yapilan bir ¢alismada bal kabagi hatlarinda benzer sekilde
bitki boyunda degisen oranlarda azaliglarin oldugu saptanmistir [32]. Arastiricilar kabak anaglari ile agil1 hiyar
bitkilerinin asis1z hiyar bitkilerine gore daha fazla vejetatif aksam olusturduklarini bildirmislerdir.
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Calismada FOC izolat ile inokule edilen bal kabagi hatlarinda, gévde ¢ap1 degerlenin 3.9-8.1 mm ve kontrol
uygulamasinda ise 5.3-9.4 mm arasinda degisim gosterdigi belirlenmistir (Tablo 3).

Tablo 3 Bal kabagi hatlari ile Cengelk6y ve Nun 9075 gesitlerinde Fusarium oxysporum f. sp. cucumerinum ile enfekteli
olan (+) ve enfekteli olmayan (-) bitkilerdeki bitki boyu (cm) ve gévde ¢aplari (mm)

Table 3 Plant height (cm) and stem diameter (mm) results in infected (+) and non-infected (-) plants with Fusarium
oxysporum f. sp. cucumerinum in pumpkin lines

Bitki boyu Govde capr
Hatlar Bitki Enfekte Edilme Durumu
+ - + -
FB1 40.83 c-1 75.10 ¢ 5.21 b-j 733z
FB2 53.97 b-c 62.60 k 5.80 b-j 6.28 11
FB3 283 f-1 32.20 hl 6.31 a-h 7.58 u
FB4 21.3 k-1 4320 5.75 b-j 7.71q
FB5 17.53 k-m 16.20 pl 6.04 a-j 6.48j1
FB6 20.83 k-1 4270 t 7.6 a-b 7920
FB7 15.1 I-m 46.90 p 6.11 a-j 8.16 m
FBS 20.27 k-1 36.30 bl 7.06 a-f 7.25bl
FB9 28.30 £-1 3820w 5.72 b-j 6.27 ml
FB10 14.27 1-m 32.30¢gl 6.67 a-g 7.63t
FB11 16.30 1-m 5240 n 6.43 a-h 6.65 gl
FB12 2447 1-1 65.40j 6.55 a-h 8.35]
FB14 17.67 k-m 37.50 x 4.2 z-bl 6.74 el
FB15 27.97 g-1 34,70 d1 6.79 a-f 8.62d
FB16 25.77 1-1 28.20 1 6.65 a-g 748 w
FB17 20.8 al-hl 29.90 11 493 {4 7.29 al
FB18 47.03 b-¢ 83.20d 4.93 {4 7.56 v
FB19 45.83 b-g 92.40 b 5.10 e-j 5.28rl
FB20 45.47 b-h 66.20 1 6.59 a-g 6.72 f1
FB21 81.10a 110.20 a 6.03 a-j 8.52f
FB22 60.77b 70.30 g 7.50 a-c 7.69 s
FB23 46.27 b-f 67.50h 6.65 a-g 6.99 cl
FB24 51.17 b-d 72.10 f 6.75 a-f 736y
FB25 40.33 c-j 49.20 0 5.24 c-j 5.42 pl
FB26 44.87 b-h 58.80 m 4.45 g-j 5.32ql
FB27 22.47j-1 61.501 3.99 14 6.32 k1
FB28 20.93 k-1 34.20 el 7.38 a-e 832k
FB29 28.40 f-1 40.50 v 7.11 a-f 8.48h
FB30 27.53 h-1 33.00 f1 7.47 a-d 8.441
FB31 28.30 -1 36.50 z 6.42 a-h 771r
FB32 26.671-1 42.30u 7.40 a-d 7.42 x
FB33 29.80 e-1 3720 y 8.10a 8.58 ¢
FB34 19.53 k-1 3820w 7.37 a-e 8.261
FB35 34.97 d-k 86.70 ¢ 3.89] 5.99 01
FB36 20.13 k-1 27.80 ml 7.03 a-f 8.88 ¢
FB37 27.97 g-1 34,70 d1 6.73 a-g 85lg
FB38 22.13 k-1 36.40 al 7.27 a-e 7.88 p
FB39 18.57 k-1 26.30 ol 6.36 a-h 9.40b
FB40 22.30 j-1 30.70 k1 6.31 a-h 6.87 d1
FB41 19.37 k-1 31.4011 6.28 a-h 6.60 11
FB42 21.83 k-1 40.50 v 6.26 a-1 8.08 n
FB43 28.13 g-1 35.30cl 5.95 a-j 6.22 nl
FB44 21.90 k-1 4420r 7.29 a-e 7.69r
Cengelkoy 0.001 m 45.10q 0.00k 6.65 hl
Nun-9075 16.27 1-m 27.70 nl 7.30 a-e 10.10 a
P < 0001 < 0001

Arastirmada diisiik diizeyde dayanikli oldugu belirlenen F35 nolu bal kabagi hattinin enfekteli bitkiler
igerisinde en diisiik gévde ¢apimin oldugu ve kontrol bitkilere gore gévde ¢apinda yaklasik %35.1 oraninda
belirgin azaligin meydana geldigi saptanmistir. Bal kabag1 hatlarinda kontrol bitkilerinde ortalama gévde ¢api
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degeri 7.4 mm olarak tespit edilmistir. Hastalik etmeni ile inokule edilen bal kabaklarinda ise gévde ¢api
ortalama 6.1 mm olarak belirlenmistir.

Buna gore enfekteli bitkilerde govde capinda yaklasik %17,3 oraninda azalisin oldugu tespit edilmistir. Ticari
olarak kullanilan Nun 9075 kabak anacinda govde ¢apinda azalis miktar1 %27,7 olarak bulunmustur.
Denemede dayanikli olarak belirlenen bal kabagi hatlarinda gévde ¢apindaki azalis miktarinin, ticari anagtaki
govde capinin azalis miktarindan daha diisiik veya benzer oranlarda oldugu saptanmistir. Bu sonug bal kabagi
hatlarinin gelecekte 1slah programlarinda kullanimi yoniinden 6nemli bir sonug oldugu diisiiniilmektedir
Bitkilerde en 6nemli vejetatif biiylime parametrelerinden birisi de olusan mevcut yaprak sayisidir. Bal kabagi
hatlarinda hastalik etmeni ile bulasik bitkilerde ve kontrol bitkilerinde yaprak sayist yoniinden ¢ok Snemli
diizeyde farkliliklarin oldugu belirlenmistir (Tablo 4). Fusarium solgunlugu etmeni ile bulagik bal kabagi
hatlarinda en fazla yaprak sayisinin ortalama 6.7 adet (FB32 nolu hat) ve kontrol bitkilerinde ise 8.0 adet (FB6,
FB18, FB32) oldugu tespit edilmistir (Tablo 4). Arastirma sonucunda incelenen bal kabagi hatlarinda kontrol
uygulamasinda ortalama yaprak sayisi 6.2 adet olarak bulunmustur. Hastalik etmeni ile bulastirilan bal kabag1
hatlarinda ise ortalama yaprak sayisi 4.7 olarak belirlenmistir. Buna gore arastirmada enfekteli bal kabagi
bitkilerinde de yaprak sayisinin %23.3 oraninda azalig gosterdigi saptanmustir (Tablo 4). Karaagag [21], farkli
kabak anaglari tizerine Crisby karpuz ¢esidini asilamis ve ortalama yaprak sayilarinin 22.3-64.3 adet arasinda
oldugunu belirlemistir. Kobal ve ark. [32], farkli kabak anaglari ile asili hiyar bitkilerinde dikimden 40 giin
sonra ortalama yaprak sayilarinin 14.7-24.0 adet arasinda degistigini tespit etmislerdir.

Aragtirmada kantitatif analiz sonucunda kontrol bal kabagi hatlarinda bitki kuru agirhiginin 1.9 gile 11.5 g
arasinda degisim gosterdigi belirlenmistir (Tablo 4). Hastalik etmeni ile bulasik bal kabagi hatlarinda ise bu
deger 1.2 g ile 9.6 g arasinda tespit edilmistir. Arastirmada diisiik diizeyde dayanikli oldugu belirlenen FB35
nolu bal kabagi hattinda, bitki kuru agirligi yoniinden yaklasik %37.1 oraninda azalis oldugu saptanmustir.
Tiim bal kabag1 hatlarinda kontrol bitkilerinde ortalama bitki kuru agirligi 6.39 g olarak bulunmustur. Hastalik
etmeni patojenle bulastirilan bal kabagi hatlarinda ise bitki kuru ortalamasi 3.2 g olarak belirlenmistir. Buna
gore enfekteli bitkilerde, toplam bitki kuru agirligi degerlerinde belirgin azalislarin oldugu tespit edilmistir.
Nun 9075 ticari kabak anacinda kontrol bitkilerde bitki kuru agirligi ortalamasi 3.2 g ve patojen ile bulasik
olan bitkilerde ise 1.9 g olarak belirlenmistir. Bitki kuru agirhigindaki azalis miktar1 %41.3 olarak bulunmustur.
Arastirma sonucunda 6zellikle yiiksek diizeyde dayanikli olan ve bitki kuru agirliklart yoniinden azalis
miktarinin en diisiik oldugu hatlar, yakin gelecekte devam eden 1slah programlarinda {imitvar ebeveynler
olarak degerlendirilecektir. Literatiirde birgok ¢alisma sonuglari, kabakgil grubu sebzelerde asilama ile birlikte
bitkilerde kuru madde miktarinin arttigini gostermistir [33, 34, 21, 35, 36, 37]. Dolayisiyla bu arastirma
sonucunda 6ne ¢ikan hatlarla yapilacak melez kombinasyonlarinin anag olarak kullanim1 ve dogru nitelikli bir
kalem (hiyar gesidi) ile asilanmasi sonucunda hem F. oxysporum f. sp. cucumerinum etmenine dayanikli ve
hem de vejetatif biiyiime 6zellikleri yoniinden giiglii asil1 hiyar bitkileri elde edilmis olacaktir.

Sonu¢

Kabakgiller (Cucurbitacea) familyasina ait bir sebze tiirii olan hiyar, diinyada ve lilkemizde yaygin olarak
yetistirilen ve ekonomik degeri olan énemli sebze tiirlerindendir. Ulkemizde farkls iiriin segmentlerinde hiyar
yetistiriciliginde kullanilan F; hiyar ¢esitlerinin sayis1 ve kullanimi her gegen giin artis gostermektedir. Hibrit
cesitlerin kullanim oraninin artig gostermesine ragmen, Ozellikle seralarda yogun iiretim nedeniyle toprak
kaynakli hastaliklar, zararlilar, tuzlu veya alkali toprak kosullar1 ve toprak yorgunlugu gibi problemler,
yetistiricilikte istenilen verim ve kaliteye ulagilmasini olumsuz yonde etkilemektedir [38]. Bu sorunlarin
azaltilmasi ve ¢0ziimii i¢in ¢evreye dost bir uygulama olarak asili fide ile hiyar yetistiriciligi 6nerilmektedir.
Giiniimiizde kabakgil grubu sebze tiirlerinde asili fide kullanimi, toprak koékenli Fusarium solgunlugu
hastaliginin miicadelesinde 6nemli bir yer tutmaktadir [15]. Ancak, basarili bir asili hiyar yetistiriciligi i¢in
oncelikle asilamada kullanilan anacin niteligi (k6k yapisi, hastalik ve zararlilara dayamklilik durumu, ast
uyusumu vb.) olduk¢a 6nemlidir. Diinyada ve lilkemizde fide isletmelerinde asili hiyar fidesi {iretiminde anag
olarak daha ¢ok tiir i¢i bal kabag1 (C. moschata) hibrit anaglar1 yada kestane kabagi ve bal kabagi hibritleri (C.
maxima * C. moschata) kullanilmaktadir.

Fide iiretim tesislerinde agili hiyar, karpuz ve kavun fidesi iiretiminde kullanilan anaglarin biiyiik bir kism1 yurt
disindan ithal edilmektedir. Ulkemizde son yillarda sayilar1 az da olsa dzel sektdr ve iiniversiteler tarafindan
yerli anag gelistirilmesine yonelik yiiriitiilen anag 1slah programlari vardir. Universite-Sanayi isbirligi
kapsaminda gergeklestirilen proje (Asili Hiyar Fidesi Uretimi I¢in Yerli Kabak Anaclarinin Bitkisel
Ozelliklerinin Incelenmesi, Fenotipik Kabak Seleksiyonu ve Kok Kanopilerinin Belirlenmesi) kapsaminda
bitki 6zellikleri yoniinden oldukga heterojen, anaglik potansiyeli yiiksek niteliklere sahip olan nitelikli bal
kabag1 gen havuzu olusturulmustur.
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Tablo 4 Bal kabag hatlari ile Cengelkdy ve Nun 9075 ¢esitlerinde Fusarium oxysporum f. sp. cucumerinum ile enfekteli
olan (+) ve enfekteli olmayan (-) bitkilerde yaprak sayisi (adet) ve toplam bitki kuru agirligi (g) sonuglari
Table 4 Leaf number (count) and total plant dry weight (g) results in infected (+) and non-infected (-) plants with

Fusarium oxysporum f. sp. cucumerinum in pumpkin lines

Yaprak sayisi Bitki kuru agirhg
Hatlar Bitki enfekte edilme durumu
+ - + -
FB1 4.67 b-g 6.00 ¢ 2.00 e-1 4.05 f1
FB2 5.67 a-d 7.00b 3.07 c11 3.56 k1
FB3 4.67 b-g 5.00d 2.55d-1 4.48 al
FB4 3.67 e-g 6.00 ¢ 4.63 b-g 476y
FB5 4.67 b-g 6.00 ¢ 1.81 f=1 2.97 ol
FB6 433 c-g 8.00 a 1.91 e1 4.32cl
FB7 333 fg 5.00d 1.54 g1 4.11el
FBS8 433 c-g 5.00d 4.29 b-h 5.17x
FB9 5.67 a-d 7.00b 2.03 e-1 4.20d1
FB10 3.67 e-g 5.00d 2.44 d-1 6.18q
FB11 3.67 e-g 5.00d 2.044 e-1 532w
FB12 433 c-g 7.00b 9.59 a 1148 a
FB14 3.67 e-g 6.00 ¢ 2.92 c1 8.18 f
FB15 6.00 a-c 6.00 ¢ 4.04 b-h 6.37p
FB16 5,33 a-e 7.00b 2.93 c1 4.45b1
FB17 433 c-g 5.00d 2.29 d-1 3.7511
FB18 5.67 a-d 8.00 a 324 c-h 4.04 gl
FB19 5,33 a-e 7.00b 1.45 g1 2.85ql
FB20 5.00 a-f 5.00d 2.13 d-1 33511
FB21 6.33 a-b 7.00b 2.72 d-1 5.80t
FB22 5.00 a-f 7.00b 2.57 d-1 3.20nl
FB23 5.67 a-d 7.00b 3.85b-h 8.20¢e
FB24 5,33 a-e 7.00b 3.03 ¢c1 7.95h
FB25 4.67 b-g 6.00 ¢ 2.18 d-1 2.94 pl
FB26 5.00 a-f 6.00 ¢ 3.57 c-h 591s
FB27 4.00 d-g 5.00d 2.12.d-1 7.221
FB28 4.00 d-g 5.00d 5.04 b-e 8.58d
FB29 5.67 a-d 6.00 ¢ 5.25b-d 6.72 0
FB30 6.00 a-c 7.00b 3.52c-h 545v
FB31 5.67 a-d 7.00b 4.03 b-h 8.81b
FB32 6.67 a 8.00 a 6.02 b-c 8.66 ¢
FB33 6.00 a-c 7.00b 3.63 c-h 6,05r
FB34 5.00 a-f 6.00 c 6.88 a-b 7.20 m
FB35 3.00¢g 6.00 ¢ 1.22 h-1 1.94 sl
FB36 5.00 a-f 5.00d 3.29 c-h 4.67 z
FB37 5.00 a-f 6.00 ¢ 4.74 b-f 6.84 n
FB38 5,33 a-e 7.00b 4.15 b-h 8.09¢g
FB39 4.67 b-g 7.00b 3.16 c-1 7.46 k
FB40 5.00 a-f 6.00 ¢ 2.68 d-1 3.65j1
FB41 433 c-g 6.00 ¢ 2.50 d-1 7.50]
FB42 4.00 d-g 6.00 ¢ 3.07 c1 7.771
FB43 5.00 a-f 5.00d 4.02 b-h 5.75u
FB44 4.00 d-g 5.00d 2.39 d1 3.86 hl
Cengelkoy 0.00 h 6.00 ¢ 0.00 1 2.79rl
Nun-9075 4.00d-g 5.00d 1.89 e-1 3.32 ml
< 0001 < 0001

Bu arastirma ile de mevcut bal kabagi germplazminin F. oxysporum f. sp. cucumerinum’a karsi reaksiyonlari
belirlenmistir. Caligma sonucunda bal kabagi hatlarinda hastalik siddetinin %0-66.7 arasinda degisim
gosterdigi, 28 bal kabagi hattinin yiiksek diizeyde dayanikli ve 14’{inlin ise orta diizeyde dayanikli oldugu
belirlenmistir. Mevcut germplazm igerisinde sadece FB35 nolu bal kabag hattina ait bitkilerin diisiik diizeyde
dayanikli oldugu tespit edilmistir. Bu sonug gen havuzunda yer alan diger bal kabagi hatlarinin halen devam
eden kabak anag 1slah programinda {imit var ebeveynler olarak kullanilabileceklerini gdstermistir. Ayrica bu
aragtirma bulgulari, gelecekte bal kabag yetistiriciliginde hastalikla miicadele stratejilerinin gelistirilmesine
de olumlu yonde katki saglayabilir. Caligmada vejetatif biiylime 6zellikleri yoniinden yapilan kantitatif analiz
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sonuclarina gére dayanikli olarak belirlenen bal kabagi hatlarinda genel olarak oranlar degismekle birlikte bitki
boyu, gévde ¢ap1 ve yaprak sayist yoniinden belirlenen azalislarin hassas bitkilere gore oldukga diisiik diizeyde
oldugu tespit edilmistir. Arastirma sonuglar ayrica bal kabagi hatlarinin vejetatif biiyiime 6zellikleri yoniinden
ticari kabak anaglarina benzer diizeylerde performansa sahip olmalari nedeniyle ana¢ adayr olma
potansiyellerinin de oldukc¢a yiiksek oldugunu gostermistir. Arastirma sonrasinda yerli kabak anaclarinin
gelistirilmesi, asili hiyar fidesi {iretiminde yerli ana¢ tohumu kullaniminin artmasina, fideliklerde kaliteli asili
fide elde edilmesine ve gelecekte asili hiyar yetistiriciliginin yayginlagmasi ile tarimsal siirdiiriilebilirligin
saglanmasina katki saglayacaktir.

Abbreviations/Kisaltmalar

cm: Centimeter/Santimetre, mm: Millimeter/Milimetre, °C: Centigrade degrees/Santigrat derece, C. moschata: Cucurbita
moschata, C. Pepo: Cucurbita pepo, C. maxima: Cucurbita maxima, F. oxysporum: Fusarium oxysporum, FORC:
Fusarium oxysporum f. sp. radicis-cucumerinum, FOC: Fusarium oxysporum f. sp. cucumerinum

Acknowledgments / Tesekkiirler

We gratefully acknowledge the support of the Faculty of Agriculture, Ondokuz Mayis University.

Desteklerinden dolay1 Ondokuz Mayis Universitesi Ziraat Fakiiltesine tesekkiirlerimizi sunariz.

Funding / Fon destegi

In this research, we would like to express our gratitude to TUBITAK for providing financial support under project
TEYDEB-3230319, to Petektar seed industry company limited for enabling the realization of this study.

Bu arastirmada TEYDEB-3230319 nolu proje kapsaminda maddi olanak saglayan TUBITAK’a, ve Petektar Tohum
Sanayi Ticaret Limited Sirketine maddi katkilarindan dolay1 tesekkiir ederiz.

Data Availability statement / Veri Kullamlabilirligi bildirimi

The author confirms that the data supporting this study are cited in the article.

Yazar, bu ¢aligmay1 destekleyen verilere makalede atifta bulunuldugunu onaylamaktadir.

Compliance with ethical standards / Etik standartlara uyum
Conflict of interest / Cikar ¢atismasi

The author declare no conflict of interest.

Yazar herhangi bir ¢ikar catigmasi beyan etmemektedir.

Ethical standards / Etik standartlar

The study is proper with ethical standards.

Caligma etik standartlara uygundur.

Authors’ contributions / Yazar katkilari

The authors declare that they have contributed equally to the article.
Yazarlar makaleye esit oranda katki saglamig olduklarimi beyan eder.

Kaynakc¢a

1. Robinson, R.W., and D.S. Decker-Walters, Cucurbits. CAB International New York, 1997. NY USA.

2. Balkaya, A., E.S. Kurtar, and O. Karaagag, Kabak Islah1. In: K., Abak, A., Balkaya, S.S. Ellialtioglu., E. Diizyaman, (Eds.) 2021,
Sebze Islahi Cilt 2: Cucurbitaceae (Kabakgiller), pp. 19-91. Gece Kitaplig s. 332, ISBN: 978-625-7478-49-6, Ankara.

3. Smith, B.D., Reassessing coxcatlan caveand the early history of domesticated plants in Mesoamerica. Proceedings of the National
Academy of Sciences, 2005. 102 (27): 9438- 9445.

4. Balkaya A., M. Ozbakir, and O. Karaagag, Karadeniz bélgesinden toplanan balkabagi (Cucurbita moschata Duchesne)
populasyonlarinin karakterizasyonu ve meyve ozelliklerindeki varyasyonun degerlendirilmesi. Tarim Bilimleri Dergisi, 2010. 16:
17-25.

5. Kurt, S., etal., Physiologic races of Fusarium oxysporum f. sp. melonis in the Southeastern Anatolia Region of Turkey and varietal
reactions of races of the pathogen. Phytoparasitica, 2002. 30(4):395-402.

6. Incekara, R., Hiyar kok ve kok bogazi ciiriikliigii etmeni Fusarium oxysporum f.sp. radicis-cucumerinum’a kars1 bitki ugucu
yaglarimin anti fungal etkinlikleri. 2011. Mustafa Kemal Universitesi Fen Bilimleri Enstitiisii, Yiiksek Lisans Tezi.

7. Kotan, R., Fusarium oxysporum f.sp. radicis-cucumerinum’a kars1 etkili bakteri icerikli biyolojik iiriin gelistirilmesi. 2020.
Atatiirk Universitesi Fen Bilimleri Enstitiisii, Doktora Tezi.

8. Booth, C., The Genus Fusarium. Commonwealth Mycological Institute, 1971. Kew, Surrey, United Kingdom.

9. Tok, F.M., Kavun ve hiyar patojen Fusarium oxysporum izolatlarinin patojenisite, irk, vejetatif uyum grubu ve AFLP teknikleriyle
karakterizasyonu ve dagilimlari. 2011. Mustafa Kemal Universitesi Fen Bilimleri Enstitiisii, Doktora Tezi.

10. Vakalounakis, D.J., Diseases and pests of vegetable crops and their control. Technological Education Institute, 1988. Heraklio,
Greece.

11. Unlii, M., A. Unlii, and A. Kabas, Baz1 yerel kavun genotiplerinin Fusarium oxysporum f.sp. melonis’e reaksiyonlarim tespiti.
VIII. Sebze Tarimi Sempozyumu Van, 2010. p:85.

12. Vakalounakis, D.J., Root and stem rot of cucumber caused by Fusarium oxysporum f. sp. radicis-cucumerinum. Plant Disease,
1996. 80:313-316.

13. Vakalounakis, D.J., and G.A. Fragkiadakis, Genetic diversity of Fusarium oxysporum isolates from cucumber: differentation by
pathogenisity, vegetative compatibility, and RAPD fingerprinting. Phytopathology, 1999. 89:161-168.

206



Ipek et al., International Journal of Life Sciences and Biotechnology, 2024 7(3): p. 198-207.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31
32.

33.
34.
35.
36.
37.

38.

Boyraz, N., and K.B. Bastas, Kavun Fusarium solgunluguna bazi biyotik ve abiyotik uyaricilarin etkileri. Selguk Universitesi
Ziraat Fakiiltesi Dergisi, 2005. 19(37):106-112.

Yiicel, S., et al., Asil1 Fide Uretiminde Kullanilan Anaglar. In: Yetisir, H., Ellialtioglu, S.S.(Eds.) Sebzelerde Fide Yetistiriciligi-
2, pp. 399-490. Gece Kitapligi, 2022, ISBN: 978-625-430-538-2.

Yildiz, S., and A. Balkaya, Tuza tolerant kabak anaglarinm hipokotil 6zellikleri ve hiyarla agi uyusum durumlarinin belirlenmesi.
Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi, 2016. 26(4):538-546.

Balkaya, A., Asili sebze iiretiminde kullanilan anaglar. TURKTOB Tiirkiye Tohumcular Birligi Dergisi, 2014. 106, 4-7.

Sakata, Y., T. Ohara, and M. Sugiyama,. The history and present state of the grafting of cucurbitaceous vegetables in Japan. Acta
Horticulturae, 2007. 731, 159-170.

Kandemir, D., et al., Diinyada ve Tiirkiye’de Fide Sektorii. In: Yetigir, H., Ellialtioglu, S.S.(Eds.) 2022, Sebzelerde Fide
Yetistiriciligi-1, pp. 45-68. Gece Kitapligi, ISBN: 978-625-430-537-5.

Balkaya, A., and B. Yapici, Asili Hiyar Fidesi Uretimi Igin Yerli Kabak Anaglarmin Bitkisel Ozelliklerinin Incelenmesi, Fenotipik
Kabak Seleksiyonu ve Kok Kanopilerinin Belirlenmesi. 2022. OMU TTO.ZRT.ULAP.22.516 Nolu Proje Sonug¢ Raporu.
Karaagag, O., Karadeniz bolgesi'nden toplanan kestane kabagi (C. maxima) ve bal kabag: (C. moschata) genotiplerinin karpuza
anaglik potansiyellerinin belirlenmesi. 2013. Ondokuz May1s Universitesi Fen Bilimleri Enstitiisii, Doktora Tezi.

Saribag, H.S., Asili patlican iiretiminde genetik kaynaklarin anag 1slah programinda degerlendirilmesi ve yerli hibrit anaglarin
gelistirilmesi. 2019. Ondokuz May1s Universitesi Fen Bilimleri Enstitiisii, Doktora Tezi.

Biles, C., and R. Martyn, Local and systemic resistance induced in watermelons by formae speciales of Fusarium oxysporum.
Phytopathology, 1989. 79:856-860.

Altinok, H.H., First report of fusarium wilt of eggplant caused by Fusarium oxysporum f. sp. melongenae in Turkey. Plant
Pathology, 2005. 54(4): p.577.

Swiader, M., M. Pronczuk, and K. Niemirowicz-Szczyt, Resistance of Polish lines and hybrids of watermelon [Citrullus lanatus
(Thunb.) Matsum et Nakai] to Fusarium oxysporum at the seedling stage. Journal of Applied Genetics, 2002. 43 (2):161-170.
Martyn, R.D., and R.J. McLaughlin, Effects of inoculum concentration on the apparent resistance of atermelon to Fusarium
oxysporum f. sp. niveum. Plant Disease, 1983. (67):493-495.

Kim, H., et al., Characteristics of Cucurbita spp. for use as cucumber rootstock. RDA Journal of Horticulture Science, 1997.
39(2):8-14.

Gogmen, M., et al., Kabak (Cucurbita spp.) Genetik Kaynaklarinin Hiyar (Cucumis sativus L.) Anag¢ Islah Programinda
Degerlendirilmesi ve Yerli Hibrit Anaclarm Gelistirilmesi. 2014. TUBITAK-TEYDEB Proje No: 3110194.

Reyad, N.E.H.A., S.F. El-Sayed, and S.N. Azoz, Evaluation of grafting using cucurbit interspecific hybrids to control Fusarium
wilt in cucumber. Plant Cell Biotechnology and Molecular Biology 2021. 22(37-38):50-63.

Pavlou, G.C., D.J. Vakalounakis, and E.K., Ligoxigakis, Control of root and stem rot of cucumber, caused by Fusarium oxysporum
f. sp. radicis-cucumerinum, by grafting onto resistant rootstocks. Plant Disease, 2002. 86(4):379-382.

Egel, D.S., and R.D. Martyn, Fusarium wilt of watermelon and other cucurbits. Plant Health Instructor, 2007. (10)1094.

Bekar, N. K., A. Balkaya, and M. Go¢men, Kabak anaglarinin asili hiyar yetistiriciliginde vejetatif biiylime {lizerine etkilerinin
belirlenmesi. Selguk Tarim Bilimleri Dergisi, 2017. 3(2):280-290.

Yetisir, H., Karpuzda asil1 fide kullanimimin bitki bliylimesi, verim ve meyve kalitesi lizerine etkileri ile as1 yerinin histolojik
acidan incelenmesi. 2001. Cukurova Universitesi Fen Bilimleri Enstitiisii, Yaymlanmamis Doktora Tezi.

Fita, A., B. Pico, and F. Nuez, Melon roots under stress: melon vine decline. Plant Stress, 2007. 1(93):104.

Balkaya, A., Asili sebze iiretiminde kullanilan anaglar. TURKTOB Tiirkiye Tohumcular Birligi Dergisi, 2014. 106:4-7.

Yildiz, S., Asili hiyar fidesi iretiminde anag olarak kullanilacak bazi kabak (Cucurbita spp.) genetik kaynaklarinin tuzluluga
tolerans seviyelerinin belirlenmesi. 2014. Ondokuz May1s Universitesi Fen Bilimleri Enstitiisii, Yiiksek Lisans Tezi.

Glingor, B., and A. Balkaya, Yerli kabak anag ¢esit adaylarmin agili mini karpuzun vejetatif bitylimesi lizerine kantitatif etkilerinin
incelenmesi. Bahge Ozel Sayi, VII. Ulusal Bahge Bitkileri Kongresi Bildirileri 2, 2016. 21-26.

Yoldas, F., et al., Farkli bal kabagi ana¢ adaylar ile asili hiyar cesitlerinin kiigiik menderes havzasindaki verim ve kalite
performanslarmin belirlenmesi. Ege Universitesi Ziraat Fakiiltesi Dergisi, 2019. 56(3):319-326.

207



International Journal of Life Sciences and Biotechnology

Irtem Kartal, D. and Z. Yaren, Endemik Astragalus davisii (Fabaceae) Tohumunun Liyofilize Su
Oziitiiniin Antioksidan Aktivitesi. International Journal of Life Sciences and Biotechnology, 2024 7(3):

p. 208-217. https://doi.org/10.38001/ijlsh.1594969
Arastirma Makale/ Research article

Endemik Astragalus davisii (Fabaceae) Tohumunun Liyofilize Su Oziitiiniin

Antioksidan Aktivitesi

Deniz irtem Kartal! = , Zafer Yaren?*

OZET

Bu c¢alismada, Van ilinde yayilis gosteren endemik Astragalus davisii Chamb. &
Matthews bitkisinin tohumlarindan elde edilen liyofilize su Oziitiiniin, antioksidan
aktivitelerinin  belirlenmesi  amaglanmigtir.  Antioksidan aktivite ¢alismalari
kapsaminda, DPPH radikal siipiirme aktivitesi deneyi, toplam fenolik madde miktari,
toplam flavonoid madde miktari ve metal selatlama aktivitesi deneyleri uygulandi.
Bitki oziitinden %8.68 verim elde edildi. A. davisii su Oziitinin DPPH radikal
stiptirme aktivitesi % 28.80 bulundu. Ayrica ICsq degeri 33.78+0.64 mg/ml; toplam
fenolik ve toplam flavonoid madde miktarlar: sirasiyla 34.52+0.04 ug GA/mg kuru
oziit GA esdegeri ve 58.33+£0.012 ug QE/mg kuru o0ziit kuersetin esdegeri ve
7.71+£0.005 pg CE/mg kuru o6ziit katesin esdegeri; metal selatlama aktivitesinin
inhibisyon degeri % 67.79, ICso degeri ise 3.97+0.05 mg/ml olarak tespit edildi. Elde
edilen verilere gore, A. davisii tohumunun su Oziitiiniin diisiik antioksidan aktivite,
yiiksek selatlama giiciine sahip oldugu sonucuna varilmaistir.
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Antioxidant Activity of Lyophilized Water Extract of Endemic Astragalus davisii (Fabaceae)

Seed

ABSTRACT

In this study, it was aimed to determine the antioxidant activity of lyophilized water
extract obtained from the seeds of the endemic Astragalus davisii Chamb. &
Matthews plant distributed in Van province. Within the scope of antioxidant activity
studies, DPPH radical scavenging activity assay, total phenolic content, total
flavonoid content and metal chelating activity assays were performed. A yield of
8.68% was obtained from the plant extract. DPPH radical scavenging activity of A.
davisii water extract was 28.80%. In addition, I1Csp value was 33.78+0.64 mg/ml;
total phenolic and total flavonoid substance amounts were 34.52+0.04 pg GA/mg dry
extract GA equivalent and 58.33+0.012 pg QE/mg dry extract quercetin equivalent
and 7.71+0.005 pg CE/mg dry extract catechin equivalent; inhibition value of metal
chelating activity was 67.79% and 1Csy value was 3.97+0.05 mg/ml, respectively.
According to the data obtained, it was concluded that the water extract of A. davisii
seed has low antioxidant activity and high chelating power.
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Eski caglardan beri tibbi bitkilerin tedavi edici etkilerinin oldugu inanci olup her toplumda hastaliklarin
tedavisi i¢in bir iyilestirme araci olarak kullanilmislardir. Sahip oldugu cografi konumdan dolay1
biyogesitlilik bakimindan zengin bir {ilke konumunda olan Tiirkiye, yaklasik 12 bin bitki tiirii iceren bir
floraya sahiptir ve bunlardan 500 kadar1 ise tibbi amach olarak kullanilmaktadir[1]. Bdylece bitkilerin halk
arasinda geleneksel olarak sik¢a kullanilmasi da oldukg¢a yaygindir [2]. Tibbi bitkilerde bulunan farkh
kimyasal bilesenler, insan sagligin1 hastaliklardan koruyabilecek biyolojik aktivitelere sahiptir [3]. Bu
bitkilerin belirli 6l¢iide hazirlanmis ve kok, yaprak, ¢igek, meyve ve tohum gibi kurutulmus kisimlarindan
faydalanilmaktadir Tibbi bitkilerin tedavi edici kullanimlarinin yam sira gida, parfiim, ilag, kozmetik
endiistrilerinde de kullanimlar1 yaygindir [4]. Fabaceae (Baklagiller), diinya genelinde 700 cins ve yaklasik
21 bin tiir ile Orchidaceae ve Asteraceae'den sonra iigiincii biiyiik ¢igekli bitki ailesidir. Bu ailenin tohumlari
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yiiksek protein igerigine sahiptir. Belirli tiirlerinden elde edilen ilaglar, geleneksel ve modern tipta halk
arasinda kullanilmaktadir [5]. Icerdigi 3270 takson ile Astragalus L. cinsi, Fabaceae ailesinin en 6nemli
iiyesidir. Astragalus’un diinya genelinde oldukg¢a yaygin bir dagilimi vardir. Tibbi bitki olarak kullanilan
bir¢ok tiirli mevcuttur [6]. Astragalus cinsine ait bazi bitkilerin farmakolojik &zellikleri, sahip olduklar
hepatoprotektif, immiino-uyarici, antiviral, antikanser ve antioksidan aktiviteleri ile karakterize edilmektedir.
Bu cinsin, ¢iftlik hayvanlar1 ve yabani hayvanlar i¢in yem olarak kullanilmasmin yani sira, cinse ait bazi
tiirlerin gidalarda, ila¢ sanayinde, kozmetikte ve bitkisel sakiz kaynagi olarak kullanildigi da bildirilmistir
[7]. Tedavi amagh kullanilan bitkilerin tedavi edici Ozellikleri icerdikleri fitokimyasallardan
kaynaklanmaktadir. Bitkiler, zararlilara karsi kendilerini savunmak ve nesillerini siirdiirmek igin
fitokimyasal Tretirler [8]. Ancak son arastirmalar, insanlart hastaliklara karsi koruyabileceklerini
gostermektedir. Bitkiler tarafindan iiretilen fitokimyasallarin antimikrobiyal ve antioksidan 6zellikleri son
yillarda kapsamli bir sekilde arastirilmistir [9]. Bu dogrultuda, Fabaceae familyasinin 3000'den fazla tiirii
igeren en biiyiik cinsi olan Astragalus'un gesitli tlirlerinin 6zellikleri {izerine ¢esitli aragtirmalar yapilmis, bu
tiirlerin sahip oldugu biyoaktif bilesiklerin gii¢lii antioksidan kapasitesi nedeniyle gida ve ilag endiistrilerinde
yaygin olarak kullanildig: bildirilmistir [10]. Bir¢ok tibbi bitki alkaloidler, fenolik bilesikler ve terpenler gibi
anti-enflamatuar 6zelliklere sahip fitokimyasal bilesikler igerir [11]. Bitkilerde en fazla bulunan kimyasal
gruplardan biri fenolik bilesiklerdir. Fenolik bilesikler, hiicreleri serbest radikallere karsit koruyan giiclii
antioksidanlardir [12]. Bitkilerin kok, govde, yaprak, meyve ve tohum gibi ¢esitli kisimlarindan izole edilen
8 bine yakin fenolik bilesigin 4 binden fazlasim1 flavonoidler olusturmaktadir [13]. Flavonoidlerin
antioksidan, anti-kanser, anti-diyabet, anti-aging, hepatoprotektif ve ndroprotektif gibi bir¢ok etkilerinin
oldugu bildirilmistir [3].

Ulkemizde, 425-450 aras1 Astragalus tiirii bulunmaktadir. Bunlardan 201-224’iiniin endemik oldugu ve
onemli bir kisminin da Dogu Anadolu Boélgesi’nde yayilis gosterdigi bildirilmistir [14]. Van ili Astragalus
tiirlerinin yayilis gosterdigi dnemli bir yasam alanidir. Astragalus davisii, Van’da yayilig gosteren Astragalus
cinsine ait endemik bir bitkidir. Bu calismadaki amag¢, A. davisii tohumunun liyofilize su Oziitiiniin,
antioksidan aktivite, metal selatlama giicii, toplam fenolik ve toplam flavonoid madde miktarlarin
belirlemektir.

Materyal ve Yontem

Bitki materyalinin toplanmasi ve teshisi

Calismada kullanilan A. davisii bitkisi, Van’in Bahgesaray Ilcesi’nde, tiiriin endemik olmas1 goz &niinde
bulundurularak olabildigince titizlikle toplandi (38°08'16.05" N 42°51'18.60" E, 2275 m). Arazide toplanan
bitkiler Van Yiiziincii Y1l Universitesi (VANF) herbaryumuna getirildi. Bitkilerin tiir teshisi, Van Yiiziincii
Y1l Universitesi Molekiiler Biyoloji ve Genetik Anabilim Dali Ogretim Uyesi Prof. Dr. Fevzi Ozgokee
tarafindan yapildi. Burada bitkilerin herbaryum &rnekleri alinarak bitkilere kayit numaralar1 (F15514) verildi
(Sekil 1).

Sekil 1 Astragalus davisii genel goriiniisii
Fig 1 General appearance of Astragalus davisii
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Bitki materyalinin kurutulmas: ve égiitiilmesi

A. davisii’nin tohum kismi ¢ikarildi. Kurutma kagidinin tizerine yerlestirilerek direk giines 1s1gina maruz
birakilmadan golgede havadar ortamda kurumaya birakildi. Bir 6giitiicii yardimiyla iyice ogiitiilerek toz
haline getirildi. Oziitleme islemi yapilana kadar -20 °C’de sakland1 (Sekil 2).

Sekil 2 A. davisii tohumunun kurutulmasi ve 6giitiilmesi
Fig 2 Drying and grinding A. davisii seed

Su oziitiiniin hazirlanmasi

25 gr A. davisii tohumu tartildi ve tizerine 250 ml deiyonize su (dH.O) eklendi. 40° C ve 650 rpm’e
ayarlanmig 1siticili manyetik karigtiricida 48 saat karigtirildi. Siire sonunda sisede bulunan su 6ziitii filtre
kagidi ile ayr bir siseye siiziildii. Siiziintii rotary evaporatorde 18 atm basingta 37°C’de uguruldu ve kalan
yogunlastirilmis 6ziit, falkonlara 10 ml olacak sekilde paylastirildi. Falkonlar -80°C’ye alinarak burada bir
gece birakildi. Ertesi giin liyofilizatorde kurutma islemi gergeklestirildi. Liyofilizasyon isleminden sonra
kuru oziit tartild1 ve elde edilen 6ziitiin verimi hesaplandi. Liyofilize su 6ziitii deneylerde kullanilincaya
kadar kadar -20°C’de muhafaza edildi.

Sekil 3 Ekstraksiyon agamalari. a) 6giitme b) tartma c) 6ziitleme d) siizme e)
evaporasyon f) liyofilizasyon
Fig 3 Extraction stages. a) grinding b) weighing c¢) extraction d) filtration e)
evaporation f) lyophilization

Antioksidan aktivite calismalari

DPPH radikal siipiirme aktivitesi
DPPH serbest radikal giderme aktivitesinin belirlenmesi, Blois metodunun (1958) modifiye edilmesi ile
yapildi. DPPH (:2,2-difenil-1-pikril hidrazil) giderme aktivitesinin dl¢iimiinde standart olarak kuersetin,
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(7.812 pg/ml — 125 pg/ml) ve degisik konsantrasyonlarda A. davisii (1 mg/ml-30 mg/ml) ekstraktlari
hazirlandi. Islemlerin tamamu 3 tekerriir olarak yapilmistir.

Toplam fenolik madde miktar:

Toplam fenolik madde miktarlari, Singleton ve Rossi (1965)’ nin uyguladigi yontemin modifiye sekline gore
belirlendi. Standart olarak gallik asit (GA) (25 pg/ml - 250 pg/ml) ve degisik konsantrasyonlarda A. davisii
oziiti (1 mg/ml - 6 mg/ml) kullanildi. Absorbans 750 nm’de OSlgiildii [15]. Testler 3 tekerriir halinde
yapilmustir.

Toplam flavonoid madde miktar

Mevcut ¢alismada toplam flavonoid miktar1, Zhishen ve arkadaglarin (1999) modifiye edilmis yontemine
gore belirlendi. Toplam flavonid madde iceriginin belirlenmesin standart olarak kuersetin ve katesin
kullanildi. Farkli konsantrasyonlarda kuersetin ve katesin (25 pg/ml - 250 pg/ml) ve degisik
konsantrasyonlarda (1 mg/mL - 6 mg/ml) liyofilize 6ziitler kullanildi. 415 ve 510 nm’de absorbans degerleri
okundu. Her bir test en az ii¢ kez tekrar edildi.

Metal Selatlama Aktivitesi

Metal selatlama aktivitesi modifiye Dinis (1994) metodu ile 6l¢iildii. Cok giiclii selatlama aktivitesine sahip
olan EDTA pozitif kontrol olarak kullanildi 562 nm’de absorbans okumasi gergeklestirildi. ICso degeri ile %
inhibisyon degeri hesaplandi. Her bir test en az ii¢ kez tekrar edildi.

Bulgular ve Tartisma
Bu ¢alisgmada kullanilan A. davisii bitkisinin tohumlarmin su 6ziitii verimi % 8.68 olarak tespit edildi (Tablo
1).

Tablo 1 A. davisii tohumlarinin % 6ziit verimi
‘Table 1 % extract yield of A. davisii seeds

Oziit %Verim
Su 6ziiti Tohum 868 gz

Tanriover [16] yaptigi calismada, Astragalus neurocarpus BOISS ve Astragalus. elongatus subsp.
nucleiferus Willd taksonlariin toprak {istii su oziitlerinin verimlerini sirastyla % 7.67 ve % 6.42 olarak
bildirmistir. Bagka bir ¢aligmada Astragalus tokatensis’in toprak {istii su Oziitliniin verimi % 9.50 olarak
hesaplanmigtir [17]. Elde ettigimiz verilerle bu ¢aligmalardaki veriler, birbirine yakin olmakla birlikte
farklilik gostermektedir. Bitkilerin yayilis gosterdigi habitatlar, bitkilerin fitokimyasal bilisimlerine etki
ettiginden dolay1 farkl alanlarda yayilis gosteren bitkilerin benzer deney sonuglar farkli ¢ikabilmektedir.

A. davisii bitki 6ziitiiniin radikal siipiirme aktivitesinin belirlenmesinde DPPH metodu kullanildi. DPPH, mor
renkli bir bilesiktir ve hidrojen (H) atomu verebilen bir maddenin ¢ozeltisi ile karistirildiginda indirgenerek
soluk sar1 bir renge doniisir. Bu metod antioksidanlarin radikalleri temizleme kapasitesinin
spektrofotometrik olglimlerine dayanmaktadir. Bitkisel o0ziitlerin veya fenolik bilesiklerin antioksidan
kapasitelerinin degerlendirilmesinde yaygin olarak kullanilmaktadir [18]. Bu ¢alismada A. davisii 6ziitiiniin
konsantrasyona bagli serbest radikal siipiirme aktivitesi, yilizde inhibisyon olarak verilmistir (Sekil 4). Bitki
Oziitliniin konsantrasyonu arttikca DPPH {izerindeki radikal siipiirme aktivitesinin de arttig1 tespit edildi. A.
davisii tohumlarinin liyofilize su 6ziitiiniin maksimum konsantrasyonda (20 mg/ml) serbest radikal siiplirme
aktivitesi % 28.80 olarak tespit edildi.
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A. davisii Tohumu DPPH Radikal

407 Siipiirme Aktivitesi

30. .............................................................................................................
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125 2.5 5 10 20
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Sekil 4 A. davisii liyofilize su 6ziitiiniin DPPH radikal stipiirme aktivitesi
Fig 4 DPPH radical scavenging activity of A. davisii lyophilized water extract

Lim ve ark. (2021) yaptiklar1 bir ¢alismada, A. sinicus L. tohumunun aseton 06ziitiiniin antioksidan aktivitesi
in vitro olarak degerlendirmis ve 10mg/ml konsantrasyonda radikal siiplirme aktivitesini %95 bulmuslardir
[19]. Bagka bir ¢alismada Astragalus. tenuifoliosus tohumunun metanol &ziitiiniin radikal siipiirme aktivitesi
%13 olarak tespit edilmistir [20]. Bagka bir ¢alismada ise Astragalus. compactus Lam. bitkisinin kok, ¢icek
ve yapraklarindan elde edilen metanol oziitlerinin radikal siiplirme aktiviteleri 50-300 pg/ml araliginda
bildirilmistir [21].

A.davisii oziitiniin %350 inhibisyon konsantrasyonuna karsilik gelen ICso degeri Tablo 2'de verilmis ve
33.78+0.64 bulunmustur.

Tablo 2 A. davisii su 6ziitiiniin DPPH radikal siipiirme aktivitesinin ICso degeri
Table 2 ICs value of DPPH radical scavenging activity of A. davisii water extract

Bitki materyali IC:zy konsantrasyonu (mg/ml)
A. davisii su Gziitii 33.78+£0.64
Kuersetin 0.238+1.06

Astragalus cinsine ait taksonlarin DPPH radikal siipiirme degeri bir¢ok ¢alismada bildirilmistir.
Bunlar: A. gombiformis tohumunun biitanol 6ziitiiniin DPPH radikal siipiirme degeri 1Cs0:244+1.94
pg/ml [22]; Erez ve ark.(2019) A. guzelsuensis’in toprak istii su 6ziitiiniin ICso degeri 22.2 + 3.9
mg/ml [23] ve baska bir ¢alismada ise A. tokatensis’in su o6ziitiiniin ICso degeri 58,97 mg/L olarak
tespit edilmistir [17]. Elde edilen bu farkli sonuglar, kullanilan ¢6ziiciilerin tiirii, kullanilan farkli
bitkiler, kullanilan bitki kisimlarinin farkliligi, bitkilerin yetisme kosullari, kullanilan analiz
yontemleri gibi nedenlerden kaynaklanmis olabilir.

Bitkilerde yer alan ve biyolojik olarak aktif olan bilesikler, antioksidan aktivitelerin
gerceklesmesinde Onemli bir rol oynamaktadir. Bitkilerin sahip oldugu antioksidan ozellikler,
icerdikleri fenolik ve flavonoid bilesenler gibi biyoaktif bilesenlerden kaynaklanmaktadir [24]. Bu
calismada A. davisii oziitiiniin toplam fenolik madde miktarinin belirlenmesinde Folin-Ciocalteu
yontemi kullanildi. Standart olarak gallik asit kullanild1 ve gallik asit standart egrisi olusturuldu
(Sekil 5). A. davisii 6ziitiiniin toplam fenolik madde miktarlar1 34.52+0.04 ng GA/mg kuru 6ziit GA
esdegeri olarak belirlendi.
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Bitkilerde dogal olarak bulunan ve fenolik bilesikler grubunda yer alan flavonoidlerin
saptanmasinda farkli yontemler vardir. Bu ¢alismada flavonoid madde igerigi, aliiminyum kloriir
kolorimetrik yontemi ile belirlendi. A. davisii bitki oziitiindeki flavonoid madde miktarinin
belirlenmesinde standart olarak kuersetin ve katesin esdegerleri temel alinarak hesaplandi.
Kuersetin ve katesin standart grafikleri olusturuldu (Sekil 6). Calismamizda A. davisii 6ziitiiniin
toplam flavonoid madde miktart 58.33+0.012 pg QE/mg kuru 6ziit ve 7.71+£0.005 pg CE/mg kuru
o0ziit olarak tespit edildi (Tablo 3).
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Sekil 6 Kuersetin ve katesin standart grafikleri
Fig 6 Quercetin and catechin standard graphs

Tablo 3 A. davisii su 6ziitiiniin toplam fenolik ve toplam flavonoid madde igerikleri
Table 3 Total phenolic and total flavonoid content of A. davisii water extract

Bitki 6ziitii TFM(pg GAE/mg) TFQ (pg QE/mg) TFC (pg CE/mg)

Tohum su 3452+0.04 58.33£0.012 7.71£0.005

*TFM (Toplam fenolik madde), TFQ (kuercetin esdegeri toplam flavonoid), TFC (katesin esdegeri toplam flavonoid)

Elde edilen sonuglara dayanarak, liyofilize su Oziitiiniin toplam fenolik madde miktar1 gallik asitten
hazirlanan kalibrasyon egrisine gore (y = 0,0052x, R? = 0,994) hesaplamirken, toplam flavonoid madde
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miktar1 kuersetinden (y = 0,0012x, R? = 0,994) ve katesinden (y = 0,0019%, R? = 0,999) hazirlanan
kalibrasyon egrisine gore hesaplanmistir. Toplam fenolik ve flavonoid madde miktarlarinin belirlendigi bir
caligmada Astragalus gombiformis tohumunun biitanol 6ziitiiniin toplam fenolik ve toplam flavonoid madde
miktarlan sirasiyla 52, 23 + 2, 29 ng GAE/ mg ve 33,47 + 2,65 pg QE/mg bulunmustur [25]. Baska bir
caligmada Astragalus armatus tohumunun petrolyum eter Oziitiiniin toplam fenolik ve flavonoid madde
miktarlar1 sirasiyla 6.5 = 0.01 mg GAE/ g kuru 6ziit ve 5.15 + 0.52 mg QE/g kuru 6ziit bulunmustur [26].
Bagka bir ¢alismada da Astragalus sinicus L. tohumunun su 6ziitiiniin toplam fenolik ve toplam flavonoid
madde miktarlart sirasiyla 67.8+ 3.0 mg GAE/ g ve 51.7£1.6 mg QE/g bildirilmistir [19]. Literatiir
calismalari ile ¢alismamizdan elde edilen sonuglar arasindaki farkliliklar, c¢alisilan bitkilerin farkli tiirlerde
olmasi, bitkilerin yetisme kosullari, kullanilan analiz yontemi, bitki tiirlerinin farkli miktarlarda etken madde
icermeleri, kullanilan ¢6ziicii vb. gibi nedenlerden kaynaklanmis olabilir.

Metal selatlama yetenegi, lipid peroksidasyonunda katalitik etki gosteren metal konsantrasyonunu diistirdiigii
icin son derece Oonemlidir. Ayrica, metal selatlama ajanlar1 redoks potansiyelini diisiirdiikleri ve boylece
oksitlenmis metal iyonlarin1 stabilize ettikleri icin ikincil antioksidanlar olarak kabul edilirler.
Antioksidanlarin, metal baglama gergeklestiren fonksiyonel gruplari nedeniyle etkili bir Fe baglama
yetenegine sahip olduklari bildirilmistir [27]. Bu ¢alismada A. davisii‘nin farkli konsantrasyonlarindaki (0.5
mg/ml-15mg/ml) Gziitiiniin metal selatlama aktivitesi 6lgiildii ve elde edilen sonuglar % inhibisyon olarak
gosterildi. Konsantrasyon artigina bagli olarak metal selatlama aktivitesinin arttigi tespit edildi (Sekil 7). %
inhibisyon degeri maksimum konsantrasyonda (10 mg/ml) % 67.79 bulundu. Ayrica A.davisii 6ziitiiniin %50
inhibisyon konsantrasyonuna karsilik gelen ICso degeri hesaplandi ve 3.97+0.06 bulundu. Standart
EDTA’nin ICso degeri ise 0.234+0.54 olarak hesaplandi (Tablo 4).

A. davisii Tohumu Metal Selatlama Aktivitesi
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0625125 25 5 10
o Konsantrasvon (mg/ml)
Sekil 7 A. davisii tohum 6ziitiinlin metal selatlama aktivitesi
Fig 7 Metal chelating activity of A. davisii seed extract

Lim ve ark. (2011)’de yaptig1 bir ¢alismada A.sinicus L tohumunun su 6ziitiiniin metal selatlama aktivitesini
% 55 bulmustur [19]. Baska bir ¢alismada A. argaeus’un toprak iistii metanol Oziitiiniin metal selatlama
aktivitesi %55.19 bulunmustur [28]. Metal selatlama aktivitesinin ICso degerinin incelendigi bir ¢aligmada A.
macrocephalus subsp. finitimus bitkisinin yaprak metanol 6zitiiniin ICso degeri 1.65 + 0.05 bulunmustur
[29]. Baska bir ¢alismada ise A. brachycalyx’in etanol 6ziitiiniin ICso degeri 5.095 + 0.043 bulunmustur [27].

Tablo 4. A. davisii su dziitiiniin metal selatlama aktivitesinin ICso degeri
Table 4 1Cso value of metal chelating activity of A. davisii water extract

Bitki materyali IC:p konsantrasyvonu (mg/ml)
A davisii su oziti 3.970.05
EDTA 0.234+0.54
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Yukaridaki ¢alismalarda, Astragalus’un farkli tiirlerinin farkli kisimlarindan, farkli ¢oziiciiler kullanilarak
birbirinden farkli sonuglar elde edilmistir. Buradan bitkilerin farkli kisimlarmin farkli metal selatlama
aktivitesi gdsterdigi sdylenebilir. Ayrica farkli ¢oziiciilerin kullanilmasi elde edilen farkli sonuclarin nedeni
olabilir.

Sonu¢

Tiirkiye’de dogal olarak yayilis gosteren bitkilerin biyolojik etkinliklerinin, tibbi amaglarla potansiyel
kullanimlarinin belirlenmesi biiyiik bir 6nem tasimaktadir. Bu sebeple, bu bitkilerdeki aktif bilesenlerin
analiz edilmesi, tespit edilen bilesenlerin ilag hammaddesi olarak farmasotik sektorde kullanilmasi ve
nihayetinde bitkisel tedavi segeneklerinin gelistirilmesi énem arz etmektedir. Eski caglardan beri tibbi
bitkiler, hastaliklarin tedavisi i¢in bir iyilestirme araci olarak kullanilmislardir. Tibbi bitkilerin kullanimi,
iilkelerin gelismislik diizeyine gore farklilik gosterse de olduk¢a yaygin bir kullanim gbze garpmaktadir.
Tibbi bitkiler tizerinde daha fazla calismalar, ¢esitli kimyasal bilesiklerin sonsuz bir rezervuari olarak hizmet
eden bitkilerdeki yeni biyoaktif {riinlerin kesfedilmesine olanak saglayacaktir. Tiirkiye, biyogesitlilik
bakimidan zengin bir iilke konumunda olup birgok tibbi bitkiye ev sahipligi yapmaktadir. Bu tibbi
bitkilerden bazilar1 Fabaceae (Baklagiller) ailesinin en 6nemli {iyesi olan Astragalus cinsine ait taksonlardir.
Astragalus cinsine ait bazi taksonlarin farmakolojik ozellikleri, immiino-uyarici, antiviral, antikanser ve
antioksidan aktiviteleri ile karakterize edilmektedir. Bu ¢alisma, Van ilinde yayilis gosteren endemik A.
davisii tohumunun su oziitiiniin radikal siipirme aktivitesi, toplam fenolik madde miktari, toplam flavonoid
madde miktar1 ve metal selatlama aktivitesinin belirlenmesi i¢in yapilan ilk calismadir. Caligmada elde
edilen verilere gore, A. davisii tohumunun su oziitiiniin, karsilastirilabilir seviyede antioksidan aktiviteye
sahip oldugu tespit edildi. A. davisii tohumunun su 6ziitiiniin antioksidan aktivitesinin literatiir ¢aligmalarina
gore diisiik olmasi, A. davisii tohumlarinin su 6ziitiiniin fenolik madde miktar1 bakimindan diisiik olmasindan
kaynaklanmaktadir. Bitki 6ziitiiniin metal selatlama aktivitesi yiiksek bulunmustur. A. davisii tohumunun su
oOziitd, iyi bir metal selatlayict ajan olarak kabul edilebilir. Bu ¢alismanin Astragalus tohumlar: ile ilgili
yapilacak ileriki ¢aligmalara 151k tutacagi diistiniilmektedir.
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Isgal Altindaki Vakifbeloren Koyii Merasi i¢cin Tahsis Amaci Degisikligi
Isteminin Vejetasyon ve Sosyolojik Etkileri Baglaminda Irdelenmesi

Ferat Uzun!"* | Fatih Giirel?"~ , Fatih Kumbasar3

OZET

Calisma ile kadimden beri mera olarak kullanilan Vakifbeléren koyii merasinin
Orman Genel Miidiirliigii tarafindan iggali ve mevcut fiili durumu bir sekilde mesru
hale getirme istegi irdelenmistir. Elde edilen bulgulara goére 181/5 numarali mera
parselinin tamami, 181/7 numarali parselin ise % 50°si iggal altinda olup, tizerindeki
tim bitki Ortlisii tahrip edilmis, mevcut haliyle mera olarak kullanim imkani
kalmamustir. Tapu ve Kadastro ve Tarmm Il Miidiirliigii’niin kayitlarina gore arazinin
niteligi mera, Orman Genel Miidiirliigii’niin E-Harita Uygulamasi’nda ise “agagsiz
orman alan1”dir. Orman Miidiirligi’niin bu bakis agisina gore, 4342 sayili mera
kanunu kapsaminda mera olarak tescillenen alanlarin neredeyse tamami, potansiyel
olarak gelecekte orman sinirlar1 igerisine alinabilecek hedef alanlardir. Bu anlayis
nedeniyle meralar, on yillardir siireklilik arz eden bir sekilde Orman Miidiirligi
tarafindan su veya bu sekilde bu g¢alisma konusunda oldugu gibi orman sinirlari
icerisine alinmaktadir. Isgal edilmeyen mera alaninda lup yontemiyle yapilan
vejetasyon etiidii ¢alismasi bulgularina gore azalict bitki tiirlerinin oran1 % 27.00,
¢ogalici tiirlerin ise % 7.50°dir. Buna gore mera durumu “orta” dir. Bunun anlami
meranin bitki Ortlisiiniin kalitesi, asgari olmasi gereken miktarin tzerinde olup
verimliligi, ¢esitli amenajman diizenlemeleriyle artirilabilme potansiyeline sahiptir.
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Discussion of the Request for Change of Allocation for the Occupied Vakifbeloren Village

Rangeland

ABSTRACT

The study examines the occupation of the Vakifbeloren village rangeland, which has
been used as rangeland since ancient times, by the General Directorate of Forestry and
the desire to somehow legitimize the current de facto situation. According to the findings
obtained, the entire rangeland parcel numbered 181/5 and 50% of the 181/7 were
occupied, all vegetation on them has been destroyed, and there was no possibility of
using them as rangeland in their current state. According to the records of the Land
Registry and Cadastre and the Provincial Directorate of Agriculture, the nature of the
land is rangeland, and in the E-Map Application of the General Directorate of Forestry,
it is “trecless forest area”. According to this perspective of the Forestry Directorate,
almost all of the areas registered as rangelands within the scope of the rangeland law
numbered 4342 are target areas that could potentially be included within the borders of
the forestry in the future. Due to this perspective, rangelands have been included within
the forest land by the Forestry Directorate for decades, as in the subject of this study.
According to the findings of the vegetation study conducted with the loop method in the
unoccupied rangeland area, the rate of decreaser plant species were 27.00% and the
increasers were 7.50%. Accordingly, the rangeland condition was "medium". This
means that the quality of the rangeland's vegetation is above the minimum required
amount and its productivity has the potential to be increased with various management
arrangements.
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Giris

Orman Bakanligi’nin olmadig1 zamanlarda hayvan otlatmak suretiyle kullanilan ve ancak bitki siiksesyonu
sebebiyle bitki ortiisii i¢erisinde belirli oranlarda ¢ali-aga¢ varligina sahip olan ¢ayir ve mera alanlari, 1969
yilt itibariyla Orman Bakanligi’nin kurulusuna miiteakip mera olmaktan ¢ikarilarak orman-fundalik sahasi
kayitlarina gegmistir. Bu siiregte bitki varligi olarak hicbir degisiklige ugramayan bu alanlar, sadece arazi
simiflamasindan ileri gelen degisiklikle Orman Bakanligi’na verilmistir. Orman alanlari, o giinden bu yana
cayir ve meralardan alan kazanimiyla siirekli artis gostermistir. Orman Genel Mudiirliigii verilerine gore
iilkemizin orman varligi 1973 yili itibartyla 20199296 ha iken, 2023 yili itibariyla 23363071 ha’a ulagsmustir.
Orman alanlarinda son 50 yil icerisinde 3045704 ha’lik bir artis meydana geldigi goriilmektedir [1].

Miilga Koy Hizmetleri Genel Miidiirliigi’niin 1970 yili kayitlarinda 21698400 ha olarak bildirilen iilkemiz
cayir ve mera alanlari, Mera Kanunu ¢ergevesinde yapilan calismalardan elde edilen verilere gore 2024 yil
itibariyla 13147701 ha’a diismiistiir [2]. Bu rakamlara gore ¢ayir ve mera alanlari gecen 53 sene zarfinda
yaklasik % 40 oraninda azalmistir.

Ulkemiz ¢ayir ve mera alanlarmin hukuki vasfimin degistirilerek orman siirlari igerisine alinmasi suretiyle
orman varliginda saglanan bu artista, 2 temel uygulamadan s6z etmek miimkiindiir. Bunlardan birincisi
erozyona maruz kalan ve islahinin miimkiin olmadigi kanaatine varilan mera alanlarinda erozyonun
Onlenmesi amaciyla toprak muhafaza amagli agaglandirma c¢alismalart nedeniyle 4342 sayili Mera
Kanunu’nun 3/14. Maddesi [Degisik:3/7.2005-5403/27 md.] ve Miilga Gida Tarim ve Hayvancilik Bakanlig
ile Orman ve Su Isleri Bakanhigi arasinda "Agaclandirma Seferberligi” kapsaminda yapilacak ortak
calismalara iligkin 2012 yilinda imzalanan protokol geregince “tahsis amaci degisikligi yapilarak bir kisim
mera alanlarinin orman kayitlara gecmesidir [3]. ikincisi ise, kadimden beri mera olarak kullanilan ve
ancak mera tespiti ¢alismalar1 esnasinda bildirimde ihmal edilen ve hatta bazilarinin Osmanlica evraklari
oldugu halde bu evraklar okunamadigindan mera olarak kayitlara alinmada eksik kalinan mera alanlarinin
Orman Genel Midiirligii’'nce orman kayitlarina gegirilmesidir [4, 5, 6, 7]. Mera Kanunu’nun 14. maddesi
geregince cesitli sebeplerle bagka amagclarla kullanilmak iizere diger kurumlara verilmek suretiyle de mera
alanlar1 kayip yasamaktadir. Ancak en biiyllk kayip orman smirlart igerisine alinmak suretiyle
yasanmaktadir. Bu nedenle mera hayvancilifi yapan insanlarimiz veya Tarmm Il Miidiirliikleri tarafindan
Orman Miidiirliigii’niin bu tiirlii tasarruflar1 zaman zaman mahkemelere taginmakta, zaman zaman da Orman
Midirliigii meralarda otlayan kegi sayisinin azalmasi ve diger bazi sebeplerle lizerinde agac varligi artan
meralari, sinirlaria katmak i¢in mahkemelere bagvurmaktadir. Ancak istatistiklerden anlasildigi kadariyla
mera kayiplarinin oniine bir tiirlii gecilememektedir. Mera Komisyonu kararlarinda ve mahkemelere intikal
etmis davalarda, meralara iligkin bir takim mevzuat eksiklikleri yaninda, meralara oranla kamuoyunun daha
cok 1ilgisine mazhar olan ormanlarin lehine olacak sekilde pozitif ayrimciligin da bunda etkisi oldugu
sOylenilebilir.

Sonug olarak son 50 yillik siirecte mera alanlar1 su ya da bu sebeplerle -istisnalar harig- siirekli orman
alanlaria dahil edilmis ve oldukga yiiksek bir kayip yasamistir. Bu kayip ta tiim iilkemiz genelinde mera
hayvanciliginda gerileme olarak kendini gostermistir.

Bu calismanin amaci, kadimden beri mera olarak kullanilan dolayisiyla mera olarak tescil edilen, ancak
iizerine betonarme bina yapimi ve odun deposu olarak kullanmak suretiyle Orman Midiirliigii tarafindan
isgal edilen mera parsellerinin, Mera Kanunu’nun 14/c maddesindeki “Kamu yatirimlari yapilmasi igin
gerekli bulunan” ifadesine atfen mevcut fiili durumuna mesruiyet kazandirma istemini irdelemektir.

Materyal ve Metot

Orman Miidiirliigii tarafindan tahsis amaci degisikligi istenilen mera alani, Kastamonu ili, Tagkdprii ilgesi,
Vakifbeloren kdyiine tahsisli 181/5 ve 181/7 numarali parsellerdir. 181/5 numarali parselin tapu alan1 99 da
ve pafta numarasi: E32d25¢’dir. 181/7 numarali parselin tapu alani ise 129.23 da’dir [8]. Parsellerin ortalama
rakim degeri 650 metredir. Isgal altindaki 181/5 ada/parsel numarali parsel iizerine Orman Miidiirliigii
tarafindan betonarme bina yapilmis ve kalan kismu ise odun deposu olarak kullanmak suretiyle toprak
ylizeyindeki bitki ortiisii tamamen tahrip edilmis, ne otsu ne de ¢ali-agag tiirleri adina higbir bitkisel varlik
kalmamugtir. 181/7 numarali parselin ise yaklagik % 50’si iggal altinda olup onun da yiizeyindeki tiim bitki
ortiisti tahrip edilmis mera olarak kullanim imkani kalmamigtir. 181/7 numarali parselin kalan % 50°’lik kism1
iizerinde 15.05.2024 tarihinde tekerlekli lup aleti kullanmlarak 3 farkli hat iizerinde 400 okuma yapilarak
yaprak alani esasina gore vejetasyon etiidii yapilmistir. Etiit neticesinde tespit edilen bitki tiirleri azalicilar,
cogalicilar ve istilacilar seklinde siniflandirilmistir. Azalici ile ¢ogalict bitki tiirlerin oranlar1 toplanarak mera
durumu belirlenmistir [Sekil 1, Tablo 1] [9].
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Sekil 1 Calisilan mera alaninin ve loop hatlarinin goriintiisii
Fig 1 Satellite image and loop lines of the studied area

Vakifbeloren kdyiine tahsisli 181/5 ve 181/7 numarali parsellerin iggal edilmemis kisimlarindan 0-30 cm
derinliginden mera alanini temsil edecek sekilde 20 adet toprak numunesi alinmistir. Numunelerin
Kastamonu 1 Ozel Idaresi, toprak laboratuvarinda yapilan analiz sonuglarina gére; pH degeri 7.3 ile notr
civarinda, toplam tuz [%0.01] ve organik madde [%0.79] miktar1 ise ¢ok azdir. Yarayish fosfor [P2Os] [0.22
kg/da] ¢ok az, yarayish potasyum [K2O] [49.08 kg/da] c¢ok yiiksek, Killi-tinli [Saturasyon %55.99]
biinyelidir. Parseller ortalama %3-5 egimli, toprak derinligi s1g ya da ¢ok s1gdir [10].

Bulgular ve Tartisma

Vejetasyon etiidii calismasi

181/7 numarali mera parselinin isgal edilmemis kisminin zemininde yapilan vejetasyon etiidii ¢alismasi
neticesinde elde edilen verilere gore toprak yiizeyi % 85.5 oraninda bitki ile ortiilii, % 14.5’u ise ¢iplak
alandir. Bu deger topragin her tiirlii agindirici etkiye karsi yeterince mukavemete sahip oldugunun ifadesidir
[11]. Otlatma takvimine uyulmasi ve meranin kapasitesine dikkat edilerek otlatilmasi ve giibreleme gibi
uygulamalar ile ortli derecesinin daha da artirilmasi imkan dahilindedir. Vejetasyonda 34 adet bitki tiiriine
rastlanilmigtir [Tablo 1]. Vejetasyonunda belirlenen bitki tiirlerinin kalite derecelerine gore dagilimina gore;
6 adedi [% 27.00] azalici, 3 adedi [% 7.50] ¢ogalict ve 25 adedi [% 65.50] istilacidir. Tablo 1°de verilen
smiflamaya gore parselin isgal edilmeyen bu kismi “Orta” kalitede mera durumunu ifade eden bitki ortiisiine
sahiptir [9]. Calisilan alanda bitki ortiisii igerisindeki oranlari itibariyla 6ne ¢ikan azalici tiirler sirasiyla
Chrysopogon gryllus [% 17.25] ve Bothriochloa ischaemum [% 7.25] olurken, ¢ogalici tiirler ise sirasiyla
Festuca ovina [% 5.50] ve Teucrium polium [% 1.25] olmustur. Alanda tespit edilen otsu yabanci otlar
icerisinde en fazla rastlanilanlar1 Blysmus compressus [% 10.50], Brachypodium distachyon [% 9.50] ve
Pilosella echioides [% 5.50] olmustur [Tablo 1].

Elde edilen verilere gore meranin; otlatma takvimine uyma, dogal tohumlama amaciyla miinavebeli otlatma,
temizlik bi¢imi, kegi ile istilac1 bitkiler ile biyolojik miicadele ve giibreleme ile verimliligi artirilabilir.
Ozellikle vejetasyonda bulunan azalict ve cogalict bitki tiirlerinin daha c¢ok ¢icek dali ve tohum
olusturmalarini tegvik edebilecek giibreleme programi ile mera tiretkenligi artirilabilir [12, 13, 14].

Tapu ve Kadastro Genel Miidiirliigii, Orman Genel Miidiirliigii ve Tarim ve Orman Bakanhgi’na
gore mera parselleri

Kastamonu Tarim 1 Miidiirliigii kayitlarinda ¢alisilan meranin 5/a kaynakl, yani kadimden beri mera olarak

kullanilan alan olarak tescil edilmistir [15]. Sekil 2’de Tapu ve Kadastro Genel Miidiirliigi’niin “Parsel
Sorgu” uygulamasi [8] ile Sekil 3’te Avrupa Cevre Ajansinin belirledigi kriterleri dikkate alarak Tarmm il
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Midiirligi’niin  ylrittiigli proje kapsaminda yapilan “arazi Ortiisii/kullanimi siniflandirmasi”nda [16]
Vakifbeloren kdyiine hayvan otlatmalar1 amaciyla tahsis edilen bu alanlar mera olarak goésterilmistir.

Tablo 1 181/7 numarali mera parselinin isgal edilmemis kismindaki bitki 6rtiisiinii olusturan tiirler [%]
Table 1 Species in the vegetation in the unoccupied part of the rangeland parcel number 181/7 [%]

Azalic1 Bitki Tiirleri [%]

Chrysopogon gryllus 17.25 Sanguisorba minor 1.25
Bothriochloa ischaemum 7.25 Medicago falcata 0.50
Dactylis glomerata 0.50 Poa pratensis 0.25
Toplam 27.00
Cogalic1 Bitki Tiirleri [%]
Festuca ovina 5.50 Teucrium polium 1.25
Dorycnium graceum 0.75
Toplam 7.50

Azalic1 + Cogahici Tiir Toplam 34.50

Istilac1 Bitki Tiirleri [%)

Blysmus compressus 10.50 Astragalus adustus 0.50
Brachypodium distachyon 9.50 Astragalus bicolor 0.50
Pilosella echioides 5.50 Astragalus canescens 0.50
Teucrium chamaedrys 3.25 Chondrilla juncea 0.50
Eryngium campestre 2.50 Convolvulus calvertii 0.50
Helianthemum nummularium 2.50 Euphorbia helioscopia 0.50
Potentilla recta 2.25 Minuartia anatolica 0.50
Linum hypericifolium 2.00 Plantago lagopus 0.25
Globularia orientalis 1.75 Juniperus communis 8.75
Muscari armeniacum 1.75 Rhamnus hirtellus 3.25
Thymus longicaulis 1.75 Rosa canina 3.00
Trifolium hirtum 1.00 Fumana arabica 1.50
Veronica arvensis 1.00

istilac1 Tiirlerin Toplam1 65.50
Genel Toplam  100.00

Bu gosterim sekli, diger koyler adina tahsis edilen mera parselleri icin de aymidir. Bu tanimlama oldukca
sorunludur. Orman Miidiirligii’nlin bu bakis agisina gore 4342 sayili Mera Kanunu’na gore mera olarak
tescillenen mera alanlarinin neredeyse tamami, potansiyel olarak gelecekte Orman Genel Midiirliigii niin
siirlar icerisine alinabilecek hedef alanlardir. Mera Komisyonlarinda da bu goriis ¢cok bariz olarak kendini
gostermekte diger bircok kurumdan gelen iiyelerin mera olarak goriis bildirdikleri bircok kararda, sadece
Orman Miidiirliigii temsilcisinin karara serh diistiigii goriilmektedir. Ornegin Zonguldak i1 Mera
Komisyonu’nun 24.10.2014 tarihli, 2014/19 numarali karar defterinde, Yenidogancilar koyii 152 ada/45
numarali parsel i¢cin kadim mera alanlari i¢in zaman asimi uygulanamayacagina, zemindeki bitki Ortiisiinde
yillar itibartyla degisiklik olsa da bu degisikligin o yerin kadim mera vasfin1 kaybettirdigi anlamina
gelmedigi yoniindeki karari, diger kurumlardan gelen 8 iiyenin lehte, Orman Midiirliigii temsilcisinin ise
aleyhte oylar1 ile kabul edilmistir. Ayn1 komisyonda goriisiilen Yazicik, Nizamlar, Yalnizgam koylerinin
meralar1 i¢in de ayn1 veya benzer sebeplerle Orman Miidiirliigii’nlin temsilci iiyesi karst oy kullanmig ve
kararlar “oy ¢oklugu” ile alinmistir [5]. Kastamonu ili, Incesu kdyii merasimin tescil siirecinin irdelendigi
makalede de Orman Miidiirliigii’niin benzer tavrina isaret edilmistir [18].
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Sekil 2 Tapu ve Kadastro Genel Miidiirliigii parsel sorgu uygulamasina gére mera parsellerinin goriiniimii

Fig 2 Appearance of rangeland parcels according to the parcel query application of the General Directorate of Land
Registry and Cadastre

Meralarimizda otlayan hayvan tiirlerinin azaltilip ¢ok biiyiik oranda sadece sigirlar ile otlatilmasi ve hatta
yerli sigir irklarindan kiiltiir irki sigirlara olan doniisiim sebebiyle gittik¢e azalan meraya dayali hayvancilik
sistemi nedeniyle, baslangicta otsu bitki Ortlisiiniin hdkim oldugu mera alanlarinda da tabiatin kendi
sistematigi igerisinde kol kola yliriiyen toprak ve bitki siiksesyonu nedeniyle her gecen giin otsu tabakanin
aleyhine, cali-agag tabakasinin lehine bir déniisiimiin oldugu bilimsel bir gergekliktir [9, 12]. Orman Genel
Midirliigi’niin E- Harita Uygulamasinda ise adi gecen mera parselleri “aga¢siz orman alanlar1” olarak
ifade edilmektedir [Sekil 4] [17].

Letter ANSI A Landscape Layerinfo
UniqueValue.Pix 26
el Value
Raster.OBJECTI 26
D
Raster.Count 18612278

o Raster.LABEL3 Natural
grasslands

Raster.Red 0.8
Raster.Green 0.94902
Raster.Blue 0.301961

0T Raster.CODE_9 321

Sekil 3 Tarim ve Orman Bakanligi’nin arazi ortiisii/kullanimi siniflandirmasina goére mera parsellerinin goriiniimii ve
niteligi [Natural grasslands=Dogal mera alanlari, Yesil renk ile gosterilen]

Fig 3 Appearance and character of rangeland parcels according to the land cover/use classification of the Ministry of
Agriculture and Forestry [Natural grasslands, Shown in green]
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Mera hayvanciliginin koyun ile birlikte basrol oyuncusu kecilerin meralardan g¢ekilmesi, siiksesyonal
degisimin hizlanmasindaki en Onemli sebep olmustur. Kegilerin meralardan ¢ekilmesinde de maalesef
Orman Bakanligi’nin gegmisteki onyargili/yanlis politikalarinin rolii ¢ok fazladir [14]. Mera hayvanciligi
konusundaki halihazirdaki mevcut politikalardan hareketle, yakin gelecekte ¢ali ve agaglarin 6zellikle yagish
bolgelerimizde hizli bir sekilde artacagimi 6ngormek c¢ok ta zor degildir [19]. Dogru yonetilemeyen bu
degisim/doniisime bagli olarak meralarin hukuki statiisinde de dogru olmayan tasarruflarda bulunmak
yanlig1 katmerlestirmekten bagka bir seye hizmet etmeyecektir. Bu bakis agisi nedeniyle meralar, on yillardir
Orman Miidiirliigli tarafindan su veya bu sekilde bu ¢alisma konusunda oldugu gibi orman sinirlari igerisine
katilmaktadir. Mera Komisyonu da bu anlamda her ne kadar meralarin hak ve hukukunu savunmak amaciyla
tesekkiil ettirilse de bu gidisatt durdurma anlaminda maalesef yetersiz kalmakta, siire¢ “meralar aleyhine,
ormanlar lehine” islemeye devam etmektedir. Bu da mera hayvancilig1 yapan insanlarimizin her gegen giin
hareket alan1 ve imkanlarinin daralmasiyla sonuglanmaktadir [18]. Ve gelisen siire¢ ile paralel olarak mera
hayvanciligi her gegen giin terkedilmektedir [20]. Bu durum, diger sebepler ile bir araya geldiginde tilkemizi
net hayvan ithalatgis1 konumuna sokmaktadir [21]. Kirsal alanlardan sehirlere go¢ii ve dolayisiyla
sehirlerdeki istihdam problemlerini artirmaya hizmet eden bu siirec de, devlet biitcesine fazladan istihdam
olusturma maliyeti yliklemektedir.
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Sekil 4 Orman Genel Miidiirliigii’niin e- harita uygulamasina gére mera parsellerinin gériiniimii ve niteligi [Agagsiz
orman alanlari]
Fig 4 Appearance and quality of rangeland parcels according to the e-map application of the General Directorate of
Forestry [Treeless forest areas]

Mera Komisyonu’nun mera isgaline tavri ve kody sakinlerinin iradesi

Mera Komisyonunun en oncelikli gorevi meralarin hak ve hukukunu korumaktir. 4342 sayili Mera
Kanunu’na aykin bir sekilde on yillardir isgal altinda olan ve tiim diger kamu kurumlar tarafindan mera
olarak tanmman Vakifbeloren kOyii merasinin, isgalden kurtarilmasi ve asli hiiviyetine dondiiriilmesi
hususunda, bugiine kadar higbir tasarrufta bulunmayan Mera Komisyonu’nun olaya ilk miidahalesinde “ver
ve hukuksuzluk probleminden kurtul” tarzi bir karar almistir. Bu karar ile Mera Komisyonu’nun 181/5 ve
181/7 numarali mera parsellerini “tahsis amaci degisikligi” ile mera olmaktan ¢ikararak, orman istif alani,
satis deposu, sef binasi, yangin harekat binasi, helikopter pisti ve garaj olarak kullanim i¢in Orman
Midirliigi’niin kullanimina agmast asli gérevi baglaminda dogru olmamistir. Mera tecaviizleri agisindan bu
tavir, mera hayvanciliginin gelecegi agisindan kotii bir emsal karar olmustur. Tamamen kanun g¢ergevesinde
hukuk miicadelesi veren Vakifbeloren koyli halki yalmz birakilmak bir yana daha da zora sokulmustur.
Milletin efendisi oldugu ifade edilen kdy sakinlerinin, kadimden beri hayvan yetistiriciligi i¢in kullandiklar
meranin ayni amagla kullanima devam etme istegine dair Mera Teknik Ekibine imza vermek suretiyle
oybirligi ile ortaya koyduklar1 eksiksiz irade, kendilerine hizmet etme pozisyonundaki kisi ve kurumlar
tarafindan yok hiikmiinde sayilmistir [22]. Siirecin en iiziicii yonii; on yillardir her anlamda talan edilen
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meralara sahip ¢iksin diye olusturulan Mera Komisyonu’nun aldigi bu kararmn, hukuksuz bir sekilde isgal
edilen meranin ve dolayisiyla burayr kullanan halkin hakkini-hukukunu korumadigi gerekgesiyle halk
tarafindan mahkeme kanaliyla iptal ettirilmesidir. Diger bir anlatimla halk meralarim1 hem Mera
Komisyonu’'ndan ve hem de Orman Midirliigii'nden koruyabilmek amaciyla hukuk miicadelesi
ylriitmektedir. Bunun anlami meralarin korunmast hakkinda yapilan yasal diizenlemelerin tam olarak
amacina ulagsmadigi, ek birtakim diizenlemelere ihtiya¢ duyuldugudur. Bu calisma 6zelinde sergilenen
birtakim tavirlar, kdy sakinlerinin kendilerini 6nemsiz/kiymetsiz hissetmelerine, dolayisiyla tarimdan
vazgecmeye sevk etmekte, kendilerini onemli hissettirebilecekleri islere ve dolayisiyla sehirlere goc
etmelerine sebep olmaktadir. Kdyde yasayan insanlara karsi takinilan bu tavrin higbir insan toplulugunda
karsilig1 yoktur. Bu olgu, genelde tarim sektdriimiiziin istenilen noktaya ulagamamasinin en biiyiik psikolojik
sebebini olusturmaktadir. Aslolan kdylii olmalidir. Diger yandan Mera Komisyonu son karar mercii degildir.
Soyle ki, Samsun ilinde gerceklesen bir tahsis amaci degisikligi isteminde Mera Komisyonu, alan igin tahsis
amacinda degisiklik yapilmasi talebini kabul etmis ve karart onay i¢in Tarim ve Orman Bakanligina
gondermistir. Ancak Bakanlik; Mera Yonetmeligi’nin 8. Maddesine atifla [Degisik: RG:12.04.2005-25784],
bu tiir her bagvuruda olumlu goriis bildirilme gibi bir zorunlulugun olmadigini ifade ederek, bolgedeki
hayvan sayisi, kaba yem agig1 olup olmadigi, meranin vasfi, topografyasi, toprak yapisi, vejetasyon yapisi,
otlatma kapasitesi, kOylin toplam merasi, teknik ekibin kesin goriisii, cift¢i sayisi ve goriisi, alternatif bir
alanin bulunup bulunmadigi, istenilen alanin gereginden biiylik olup olmadigi ve mera biitiinliigiiniin
bozulup bozulmadig: gibi kriterler bakimindan yeniden degerlendirilmesini istemistir. Bunun iizerine Mera
Komisyonu toplanip, yeniden olumlu goriis bildirmistir. Ancak Bakanlik karari uygun bulmamis ve mera
alan1 Samsun Biiyiiksehir Belediyesi’ne tahsis edilmemistir [23]. Bu noktadan hareketle 6zellikle belirtmek
gerekir ki istenilen mera parseli diger parsellerin tam ortasindadir ve Mera Yonetmeligi’nin, 8. Maddesi
[Degisik: RG-12.08.2005-25784]’nde dikkate alinmasi gereken hususlardan sayilan “mera biitinligi ni
bozmaktadir.

Sonu¢

Orta simfli bitkisel varligiyla, bir takim 1slah ve amenajman c¢aligmalariyla verimliliginin daha da
artirilabilme potansiyeli olan ve fakat hukuken iggal altinda olan, bu nedenle biitiin bitkisel varligi tahrip
edilmis olan Vakifbeldren kdyii merasinin bir kisminin Orman Miidiirliigii’ne devrinde kamu yarar1 olmadigi
gibi, aksine hukuk devleti olgusunu asindirici ve basta Vakifbeloren koyili sakinleri olmak iizere kamu
vicdaninda telafisi miimkiin olmayan zararlanmaya neden olacaktir. Ulkemiz mera alanlarinin siirekli orman
sinirlart igerisine dahil edilmeleri suretiyle yasanan kayiplar bakimindan kotii bir emsal karar olacak ve isgali
aklayacaktir. Mera alanlarinda miitemadiyen yasanan bu kayiplar da mera hayvanciliginin hareket alanini her
gecen giin daha da daraltacak, hayvan ithalati1 olgusuna bir tugla daha koyacak, kdyden kente gogii tesvik
edecek, devletin sirtinda biiyiik bir yiik olan istihdam problemini daha da biiyiitecektir.
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Kirgiz Milli Ala Arca Parka Ait Yerli Cesitler Arastirma istasyonunda Yetisen
Albenisi Yiiksek Baz1 Elma (Malus x domestica Borkh.) Cesitlerinin Baz1 Meyve

Ozellikleri

Malika Turgunbaeval***', Ahmet Aygiin’?

OZET

Bu arastirma, Kirgizistan’nin Biskek sehri igerisinde bulunan farkli yerlerden daha
onceden toplanarak kurulmus yerel elma gesitlerine ait koleksiyon bahgesinde
yetigtirilen bazi elma ¢esitlerinin meyve oOzelliklerinin belirlenmesi amaciyla
yuriitilmiistiir. Caligmada toplam 18 adet yerel elma c¢esidi incelenmistir. Elma
gesitlerinde meyve agirlig1 42.28-261.25 g, meyve boyu 25.39-73.31 mm, meyve eni
30.58-94.19 mm, meyve kalinlig1 31.41-91.36 mm, sap ¢ukuru derinligi 5.22-17.58
mm, sap ¢ukuru eni 9.88-26.42 mm, sap cukuru genisligi 8.59-31.80 mm, sap
uzunlugu 13.32-32.21 mm, sap kalinligi 1.16-9.47 mm, ¢i¢cek cukuru derinligi 5.75-
28.69 mm, ¢icek cukuru genisligi 8.73-22.61 mm, ¢i¢ek ¢ukuru eni 4.14-17.46 mm,
cekirdek sayis1 3.22-8.60 adet, meyve eti sertligi 2.51-11.35 kg/cm?, suda ¢6ziinebilir
kuru madde miktar1 %3.48-16.75, pH 3.02 ile 7.40, titre edilebilir asitlik miktar
%0.21-1.86 araliginda bulunmustur. Bu sonuglar bélgede farkli lokasyonlardan daha
once toplanan elmalarda 6zellik bakimindan farkliliklar oldugunu ortaya koymasinin
yaninda bu gesitlerin piyasada talep edilebilecegi fikrini dogurmustur. Diger yandan
bu genetik kaynaklar1 olusturan bahgenin yaglanmasi ve bakimsiz olmasi yiiziinden bu
cesitler yok olma tehlikesi altindadir.
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Some Fruit Characteristics of Some High Albenic Apple (Malus x domestica Borkh.) Varieties
Grown in Kyrgyz National Ala Archa Park Local Varieties Research Station

ABSTRACT

This study was carried out to determine the fruit characteristics of some apple cultivars
grown in the collection orchard of local apple cultivars previously collected from
different places in Bishkek city of Kyrgyzstan. A total of 18 local apple cultivars were
examined in the study. Fruit weight 42.28-261.25 g, fruit length 25.39-73.31 mm, fruit
width 30.58-94.19 mm, fruit thickness 31.41-91.36 mm, stem pit depth 5.22-17.58
mm, stem pit width 9.88-26.42 mm, stem pit width 8.59-31.80 mm, stem length 13.32-
32.21 mm, stem thickness 1.16-9. 47 mm, flower pit depth 5.75-28.69 mm, flower pit
width 8.73-22.61 mm, flower pit width 4.14-17.46 mm, number of seeds 3.22-8.60,
fruit flesh hardness 2.51-11.35 kg/cm?, water soluble dry matter 3.48-16.75%, pH 3.02
to 7.40, titratable acidity 0.21-1.86%. These results showed that there were differences
in the characteristics of the apples collected from different locations in the region, and
it gave rise to the idea that these varieties could be demanded in the market. On the
other hand, these varieties are under the danger of extinction due to the aging and
neglect of the orchard that constitutes these genetic resources.
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Milattan oncesine dayanan elma kiiltiirii, yliksek adaptasyon kabiliyeti ve ¢esit sayisinin fazlaligi nedeniyle,
tliman iklim meyve tiirleri arasinda en ¢ok tiiketilen tiirdiir. Orijini, Anadolu da dahil olmak iizere Giiney
Kafkasya'ya kadar uzanan bir cografyay1 igerir. Bugiin Diinyanin birgok iilkesinde yaklagik 100 milyon ton
elma tretilmektedir [1]. Malus x domestica Borkh diinyanin farkli iilkelerinden gelen 7500'den fazla gesidi
igerir, ancak sadece bu cesitler icerisinde 20 civarinda c¢esit bahgecilik endiistrisinde yaygin olarak
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yetistirilmektedir [2]. Elma (Malus x domestica Borkh.) taze meyve tiiketiminin yani sira, gida endiistrisinde
ve biyolojik olarak aktif bilesiklerin ve diger ikincil metabolitlerin kaynagi olarak yaygin olarak
kullanilmaktadir [3,4]. Giiniimiizde diinya tizerinde pek ¢ok bdlgede genis elma plantasyonlar: bulunmaktadir.
Birgok cesit, belirli kosullar altinda yetistirme i¢in istenen 6zelliklere sahiptir, ancak bunlardan sadece birkag
diizinesi ticari olarak diinya ¢apinda yetistirilmektedir. Her gecen giin bu ¢esitlere yenileri ekleniyor ve yeni
cesitler daha iyi Ozellikler ile piyasaya siiriilmektedir [5]. Kirgizistan Cumhuriyeti Orta Asya iilkelerinin
kuzeydogusunda yer almaktadir: kuzeyden, batidan ve giineyden Bagimsiz Devletler Toplulugu
CumbhuriyetleriKazakistan, Ozbekistan, Tacikistan ve dogudan ve giineydogudan Cin Ulusal Cumhuriyeti ile
sinir1 vardir. Tiyan-San Daglari'nin i¢ ve kismen kuzey ve bat1 kisimlarinin yani sira 390 12' ve 430 15' Kuzey
enlemlerinde ve 690 16' ve 800 18' Dogu boylamlarinda Tiirkistan-Alay daglarin1 kaplar. Kirgizistan
topraklarindaki iklim, rakima bagli olarak biiyiik yerel sapmalarla birlikte soguk kis ve sicak yaz ile karakterize
edilen karasal iklime hakimdir [6]. Orta Asya'da Kirgizistan énemli bir elma orijin merkezidir. Ceviz, Antep
fist1ig1 ve badem tiirlerinin yam sira Kirgizistan'in farkli bolgelerinde 6nemli elma popiilasyonlari ve ormanlari
bulunmaktadir. Ancak bu materyallerde ciddi antropojenik kayiplar vardir ve yakin gelecekte tamamen
kaybolabilirler [6]. Kirgizistan'da dogal olarak bulunan ii¢ elma tiirti vardir. Bunlar Malus sieversii, Malus
kirghisorum ve Malus niedzwetzkyana’dir. Bu tiirler ayn1 zamanda kiiltiir elmalarinin kaynagi olarak da
bilinmektedir [7]. Malus sieversii, Kazakistan, Kirgizistan, Cin, Tacikistan, Ozbekistan ve Tiirkmenistan'in
kuru ve daglik bolgelerine dogal olarak yayilmustir. Malus kirghisorum genetik olarak Malus sieversii'ye
yakindir, ancak meyve sekli, rengi ve diger 6zellikleri bakimindan farklidir. Malus niedzwetzkyana tiirlerinde,
yaprak, ¢igek ve meyveler iizerinde pembe-mor pigmentasyonlar vardir. Bu {ilkede yetistirilen yerel gesitler
muhtemelen bu ¢ tiirtin hibrit kompleksleridir [6]. Diinya elma tiretimi 93.144.358 tona ulagsmistir. Cin
45.983.400 tonluk tiretimiyle diinyada ilk sirada yer alirken, onu Tiirkiye (4.493.264 ton) ve ABD (4.467.206
ton) takip etmektedir [8]. Kirgizistan elma {iretimini 2022 yili verilerine gore 132.102 ton elma iiretimi
yapilmaktadir. Kisi bagi elma tiretimi ise 18.87 kilogramdir. Kirgizistan’da yumusak ve sert ¢ekirdekli meyve
iiretimi degerlendirildiginde elma {iretimi ilk sirada yer almaktadir [9]. Bu tiretimin biiyiik bir kismin yerli ve
yabani ¢esitler olusturmaktadir. Bu iiretim miktar1 Diinya siralamasinda 6nemli bir yer almasa da elma,
Kirgizistanda’da toplam tarim firetimi igerisinde dnemli bir rol oynamaktadir. Yine de bu iiretim miktar
Kirgizistan gibi elmanin anavatani olan ve ekolojisi elma yetistiriciligi i¢in ¢ok uygun olan bir iilke i¢in
oldukca diisiik miktardadir. Ug farkli tiiriin gen merkezi olmasma ragmen istenilen elma iiretimi
yapilamamaktadir. Bunun sebepleri arasinda c¢esit sayisinin az olmasi, modern meyvecilikte kullanilan
anaglarin iilkeye yeni yeni girmesi ve meyvecilik anlayisinin tam olarak olusmamast sayilabilir. Ulke ¢apinda
elma ile ilgili farkli calismalar yapilmasina ragmen 1slah yoniinden bir ¢aligmaya rastlanilmamistir. Bu ¢aligma
mevcut popiilasyonda {istiin 6zellikli elma gesitlerini se¢mek ve cesitlerin 6zelliklerini belirlemek amaciyla
yluritilmustiir.

Materyal ve Yontem

Materyal

Kirgizistan’in Ciiy bolgesindeki Kirgiz Milli Ala Arca Parki Gen merkezinde bulunan elma genetik kaynaklari
bahgesinde bulunan elma genotipleri icerisinden meyve 6zelliklerine gére 6n plana ¢ikan 18 adet yerel elma
cesitleri caligmanin bitkisel materyalini olusturmaktadir.

Yontem

Meyve agirligi (g) 0.01 g duyarli hassas terazide ayri ayri tartilmis ve meyve boyu, ¢api, kalinligi, cicek cukuru
derinligi, eni ve genisligi ile sap uzunlugu, kalinligi, sap ¢ukuru genisligi, derinligi ve eni (mm) Sl¢iimleri
dijital kumpas yardimiyla, ¢ekirdek sayisi (adet) elle sayilmis ve bu dlglimlerin ortalamasi alinarak her gesit
i¢in belirlenmistir. Meyvelerin kabuk ve et rengi 6l¢iimleri Colorimeter NR200 marka renk 6lgiim cihaziyla,
her 6rnege ait her bir meyvenin ii¢ farkli noktasindan dl¢iim yapilmistir. Meyve kabuk ve et rengi parametreleri
ii¢c farkli okuma seklinde L*, a*, b* olarak belirlenerek L* degeri meyve renginin parlakligindaki degisimi
gostermektedir. L*: siyahtan beyaza, a*: kirmizidan yesile, b*: saridan maviye renk degisimlerini
gostermektedir. Meyve eti sertligi her 6rmege ait her bir meyvenin ekvatoral bdlgesinde 3 farkli kisminda 1
cm? biyikligiindeki kabugun kaldirilmasindan sonra 11.1 mm delici u¢ capima sahip basing olgerin
(penetrometre) meyve etine batirilmasi ile kg/cm? olarak 6l¢iim yapilmistir. Meyve suyunda; suda ¢oziinebilir
toplam kuru madde (SCKM) dijital refraktometre ile (%) ve meyve suyu pH’s1 pH metre ile titre edilebilir
asitlik miktar1 ise 0.1N NaOH ile meyve suyunun titre edilmesi ve harcanan baz miktarma gore malik asit
cinsinden hesaplanmasi ile % olarak belirlenmistir.
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Bulgular ve Tartisma

Gen kaynaklar1 bahgesinde toplanmig elma ¢esitleri arasindan secilen 18 adet yerli ¢esitlerin meyve 6zellikleri
incelenmistir. Yetistirilen elma ¢esitlerinin meyve agirligi, meyve boyu, meyve eni ve meyve kalinligi
ozellikleri Tablo 1’de verilmistir. Yapilan dl¢iimler neticesinde gesitlerin meyve agirhg 42.28-261.25 ¢
araliginda degisim gostermistir. Belirlenen yerel elma cesitlerinden Cesit 16 (261.25 g) en fazla meyve
agirhigma sahip olurken Cesit 1 (162.4 g) ve Cesit 4 (162.2 g) takip etmistir. En az meyve agirligina sahip olan
cesitler ise Cesit 12 (65.54 g), Cesit 13 (63.71 g) ve Cesit 14 (42.28 g) olarak belirlenmistir. Elde edilen
cesitlerinin verilerin ortalamasi dikkate alindiginda meyve boyu en yiiksek olanlar Cesit 16 (73.31 mm), Cesit
7 (62.4 mm), Cesit 18 (60.87 mm) ve en diisiik degerlere sahip olanlarda Cesit 14 (25.39 mm), Cesit 13 (34.54
mm), Cesit 11 (45.15 mm ) arasinda degistigi tespit edilmistir. Meyve eni bakimindan ise en yiiksek Cesit 16
(94.19 mm), Cesit 1 (74.99 mm) ve Cesit 7 (74.75 mm), en diisiik ise Cesit 14 (30.58 mm ), Cesit 13 (44.47
mm), Cesit 17 (54.55 mm) araliginda degisim gostermisler. Incelenen cesitlerin meyve kalinhigi bakimindan
degerlendirilenler 31.41-91.36mm araligindadir. Cesit 14 hari¢ tiim elma ¢esitlerinin meyve kalinliklart 50
mm iizerinde belirlenmistir. Cesitlerin ¢ekirdek sayilari incelendiginde 3.22-8.60 adet araliginda bir dagilima
sahip oldugu gorilmiistir.

Tablo 1 Kirgiz Milli Ala Arga Parka Ait Yerli Cesitler Arastirma Istasyonunda Yetisen Elma Cesitlerinin Pomolojik
Ozellikleri

Table 1 Pomological Characteristics of Apple Varieties Grown in Kyrgyz National Ala Archa Park Domestic Varieties
Research Station

Cesitl 162.40 59.61 74.99 72.94 3.22 3.85
Cesit2 73,56 47.36 55.73 57.95 5.69 5.25
Cesit3 97.78 51.50 61.38 62.63 6.00 5.01
Cesitd 162.20 60.15 71.88 75.00 7.30 5.06
Cesith 140.10 59.02 69.60 69.80 8.60 7.75
Cesit6 121.82 57.11 62.87 67.45 5.12 5.89
Cesit? 155.10 62.4 74.75 76.41 3.28 473
Cesit8 117.11 57.37 60.9 61.68 6.91 4.45
Cesit9 101.33 55.12 60.83 61.73 6.94 571
Cesitl0 121.60 52.18 68.40 69.33 6.90 553
Cesitll 85.91 45.15 61.71 61.44 4.90 5.39
Cesitl2 65.54 46.73 55.64 58.07 3.33 4.12
Cesitl3 63.71 34.54 44.47 51.39 7.94 11.35
Cesitl4 42.28 25.39 30.58 3141 5.35 2.86
Cesitl5 97.54 51.12 62.09 62.15 8.12 556
Cesitl6 261.25 73.31 94.19 91.36 6.50 251
Cesitl7 68.40 47.24 54.55 54.26 7.04 550
Cesitl8 129.84 60.87 64.94 64.02 5.53 5.17

Incelenen elma cesitlerinde meyve sap derinligi 5.22 mm ile 17.58 mm arsinda degismektedir. En yiiksek deger
Cesit 6 (17.58 mm) en diisiik degerler ise Cesit 13’te (5.22 mm) belirlenmistir. Meyve sap eni verilerin
ortalamasina gore yiiksek olanlar Cesit 16 (26.42 mm), Cesit 10 (16.49 mm), Cesit 7 (16.28 mm) ve diisiikler
degere sahip olanlar ise Cesit 3 (9.88 mm), Cesit 14 (10.14 mm), Cesit 6 (11.86 mm). Cesitlerin meyve sap
genisligi 8.59-31.8 mm arasinda degismektedir. Yine ¢esitlerin sap uzunlugu degerleri bakimindan 13.32-
32.21 mm arasinda bir varyasyon belirlenmistir. Cesitlerin meyve sap kalinliklar1 arasinda da biiyiik farkliliklar
bulunmustur. Nitekim sap kalinlig1 1.16-9.47 mm arasinda degisim gostermistir.

Meyve seklini belirlemede bir kriter olan ¢igek gukuru derinligi 6l¢iimlerinde en yiksek degerlere Cesit 16
(28.69 mm) sahip olurken, en diisiikk degere ise Cesit 9 (5.75 mm) sahip olmustur. Cigek gukuru genisligi
parametresi incelendiginde degerlerin 8.73-22.61 mm araliginda degisim gosterdigi goriilmiistiir. Meyve ¢icek
cukur eni ise 4.14-17.46 mm arasinda degistigi tespit edilmistir.

Kirgiz milli Ala Arga parka ait yerli gesitler aragtirma istasyonunda yetisen bazi yerel elma gesitlerin suda
¢oziinebilir kuru madde miktari, pH ve titre edilebilir asitlik 6zellikleri Tablo 4’te verilmistir. Incelenen
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gesitlerde SCKM igerigi %3.48-16.75 arasinda degerler i¢ermistir. SCKM igeriginin yiiksek olmasi
bakimimdan 6ne ¢ikan gesitler Cesit 10 (%16.75), Cesit 8 (%15.50), Cesit 9 (%14.60) ve Cesit 6 (%14.55)
olarak bulunurken, diisiik olmasi bakimindan 6ne ¢ikan gesitler ise Cesit 13 (%3.48), Cesit 15 (%10.60), Cesit
16 (%10.87) olarak tespit edilmistir. Meyve suyu pH’s1 3.02 ile 7.40 arsinda degismektedir. Meyve kalitesi
bakimindan 6nemli bir kriter olan titre edilebilir asitlik miktarlar1 %0.21-1.86 araliginda dagilim gdstermistir.

Tablo 2 Kirgiz Milli Ala Arca Parka Ait Yerli Cesitler Arastirma Istasyonunda Yetisen Elma Cesitlerinin Meyve Sap
Ozellikleri

Table 2 Fruit Stalk and Flower Pit Characteristics of Apple Varieties Grown in Kyrgyz National Ala Archa Park Native
Varieties Research Station

Cesitl 10.27 13.67 14.79 24.70 2.39
Cesit2 7.39 13.01 13.96 24.85 1.85
Cesit3 8.25 9.88 10.28 23.32 162
Cesitd 8.25 16.20 16.97 16.30 9.47
Cesit5 8.40 15.12 15.64 17.16 3.15
Cesit6 17.58 11.86 12.19 23.31 2.25
Cesit7 10.29 16.28 14.48 16.41 2.66
Cesit8 7.32 12.08 13.24 25.37 233
Cesit9 9.21 14.12 13.28 22.82 2.03
Cesitl0 8.08 16.49 17.38 18.62 221
Cesitl1 6.53 13.62 13.29 16.32 233
Cesit12 9.76 1261 13.01 29.17 185
Cesitl3 5.22 13.74 14.94 16.72 181
Cesit14 592 10.14 8.59 21.34 116
Cesitl5 8.99 13.36 14.42 14.12 2.26
Cesitl6 15.98 26.42 31.80 13.32 3.18
Cesitl7 8.48 12.50 11.86 20.85 1.65
Cesit18 7.70 15.82 14.82 32.21 1.66

Elma ¢esitlerine ait meyve kabuk rengi ve meyve et rengi degerlerinde de biiyiik farkliliklar tespit edilmistir.
L degeri -6.79 ile 68.03 araliginda, a degeri -18.41 ile 5.17 araliginda, b degeri -4.28 ile 35.06 aralifinda
dagilim gostermistir.

Calismada belirlenen yerel gesitlerin meyve agirliklar1 42.28-261.25 g olarak degisim gdstermistir (Tablo 1).
Bu sonuglar; Giileryiiz ve ark. (1993) Kagizman il¢esinde yetisen elma cesitlerinin ortalama meyve agirliklart
159.0-313.0 g. Miller ve ark. (2004) Amerikan Birlesik Devletleri ve Kanada’da bazi elma g¢esitleri ile
yiiriittiikleri ¢aligmada ortalama meyve agirhg 136-300 g. Farrokhi ve ark. (2011). Iran (Mashad) ilinde
elmalarda meyve agirlign 7.1-81.67 g. Mratini¢ ve AkSi¢ (2012) Giimiishane merkez ilgede yetisen bazi
standart ve yerel elma ¢esitlerinin meyve agirligi 80.70- 195.61 g. Kirkaya ve ark. (2014) Ordu ili Persembe
ilgesinde yetistirilen yerel elmalarda meyve agirligi 76.24-247.23 g. Balta ve ark. (2015) Ordu ilinin Kumru
ilgesindeki yerel elma ¢esitlerinde meyve agirligi 71.41-245.99 g. Coskun ve ark. (2016). Isparta (Tiirkiye)
sehrinde 5 yerel ve 2 yabanci orijinli elma gesidinin meyve agirhigi 96.99 g ile 184.25 g. Oztiirk ve ark. (2016)
Samsun ekolojik kosullarinda MM 106 elma anaci {izerine asil1 ‘Cooper 7 SB2’. ‘Golden Delicious’. ‘Granny
Smith’. ‘Jersey Mac’. ‘Red Chief’. ‘Starkrimson Delicious’ ve ‘Siiper Chief” elma ¢esitlerinin meyve agirlig
112.3-173.9 g. olarak belirlenmislerdir. Bu degerlerin bizim ¢aligmamizda bulunan degerlere paralel veya daha
diisiik oldugu tespit edildi. Bu farkliliklar genotipik farkliliklardan kaynaklanabilecegi gibi ekolojik
farkliliklardan da kaynaklanabilir.

Meyve boyutlar1 bakimindan yapilan degerlendirmede ¢esitlerin meyve boyu degerleri 25.39-73.31 mm
araliginda belirlenmistir (Tablo 1). Bu degerler. Miller ve ark. (2004). tarafindan Amerikan Birlesik Devletleri
ve Kanada’da yaptig1 calismada buldugu degerlerle (65-80 mm). Farrokhi ve ark. (2011). iran (Mashad) ilinde
elmalarda buldugu degerlerle (25.13-77.67 mm). Coskun ve Askin (2016) Isparta sehrinde 5 yerel ve 2 yabanci
orijinli elma ¢esidinde buldugu degerlerle (53.93-65.82 mm). Ozmen’in Tokat merkez ve ilgelerinde yetisen
yerel ¢esitlerinde buldugu degerlerle (47.93-67.23 mm) benzerlik géstermis ya da daha yiiksek bulunmustur.
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Tablo 3 Kirgiz Milli Ala Arga Parka Ait Yerli Cesitler Arastirma Istasyonunda Yetisen Elma Cesitlerinin Meyve Cigek
Cukuru Ozellikleri

Table 3 Flower Pit Characteristics of Apple Varieties Grown in Kyrgyz National Ala Archa Park Native Varieties
Research Station

Cesitl 10.19 13.63 13.18
Cesit2 8.96 13.13 14.25
Cesit3 9.97 11.37 10.34
Cesitd 8.18 15.31 16.74
Cesits 9.73 17.40 17.46
Cesit6 10.69 12.96 12.34
Cesit? 12.00 19.62 14.41
Cesit8 6.63 19.86 12.80
Cesit9 5.75 17.43 15.86
Cesitl0 17.38 16.03 8.18
Cesitll 12.50 12.21 6.14
Cesit12 13.75 12.94 9.27
Cesitl3 17.23 14.31 7.40
Cesitl4 9.21 8.73 4.14
Cesitl5 14.62 13.19 7.42
Cesitl6 28.69 22.61 24.00
Cesitl7 12.62 12.32 8.59
Cesit18 18.07 14.61 11.10

Calisgmamizda meyve eni degerleri 30.58-94.19 mm. meyve kalinligi degerleri 31.41- 91.36 mm olarak tespit
edilmistir. Bulunan degerler Farrokhi ve ark. (2011). iran (Mashad) ilinde elmalarda yapilan arastirmada
belirledikleri meyve eni (21.81-68.33 mm) ve meyve kalinlig1 (25.13-77.67 mm) degerlerinden. Senyurt ve
ark. (2015) yaptiklar1 calismalarinda belirledikleri meyve eni degerlerinden (57.27-80.77 mm). Kirkaya. Balta
ve Kaya (2014) Ordu ili Persembe ilgesinde yaptiklar1 arastirmalarda belirledikleri meyve kalinlig
degerlerinden (44.63-73.98 mm). Balta ve ark. (2015) Ordu ilinin Kumru il¢esinde elmalarda yapilan
arastirmada belirledikleri meyve kalinlig1 degerlerinden (61.01-95.59 mm). Coskun ve Askin (2016) Isparta
sehrinde yirittiikleri galismalarinda belirledikleri meyve eni degerlerinden (64.86-76.56 mm) daha yiiksek
veya paralellik olarak saptanmistir. Bu farkliligin baslica nedeninin genotipten kaynaklandigi kaginilmazdir.
Bu sebepten dolay1 incelenen genotiplerin gesit adayr olmasi ve islah ¢aligmalarinda kullanilabilecegi
diisiincesini akla getirmektedir.

Suda ¢oziinebilir kuru madde miktar1 ¢alismamizda belirledigimiz yerel g¢esitlerde %3.48-16.75 degerleri
arasinda bulunmustur (Tablo 4). Bu bulgular. Giileryliz ve ark. (1993). Kagizman ilgesinde yiiriittiigi
caligmada SCKM miktarim %12.35- 14.45. Miller ve ark. (2004) tarafindan Amerikan Birlesik Devletleri ve
Kanada’da bazi elma ¢esitleri ile yiiriittiikleri calismada ortalama SCKM oran1 %12.30-15.6. Mratini¢ ve Aksi¢
(2012). tarafindan Giiney Sirbistan’da elmalarin SCKM degerinin %12.55-19.24.

Senyurt ve ark. (2015) yaptiklar1 ¢alismalarinda SCKM %11.50-15.25. Kirkaya ve ark. (2014). Ordu ili
Persembe ilgesinde yetistirilen yerel elma genotiplerinde yiiriittiikleri galismada SCKM oraninin % 9.01-13.75.
Selcen (2017) Tokat merkez ve ilgelerinde yetisen yerel elma genotiplerinde yaptig1 calismada SCKM %9.9-
16.8. Selma Boyaci (2019) Kirsehir kosullarinda MM 106 yar1 bodur elma anaci iizerine asili Mondial Gala.
Red Chief. Golden Delicious. Bracburn ve Granny Smith elma gesitlerinin performanslarinin belirlenmesi
amaciyla yaptig1 calismada SCKM %11.16- 15.41 degerleri araliginda bulmustur. Literatiirde bildirilen bu
degerlerle bizim degerlerimiz benzerlik gostermektedir. Ancak bazi gesitlerin asitlik degerlerinin diisiik oldugu
cesitlerde tespit edilmistir.

Elma ¢esitlerin meyve suyu pH’larinin 3.02 ile 7.40 araliginda degistigi tespit edilmistir. Belirlenen bu
degerler. Kirkaya ve ark (2014). Ordu ili Persembe il¢esinde yetistirilen yerel elma genotiplerinin pomolojik.
fenolojik ve morfolojik 6zelliklerinin belirlenmesi amaciyla 2010-2011-2012 yillarinda yaptiklar aragtirmada
pH degerinin 3.16-3.56. Balta ve ark. (2015). Ordu ilinin Kumru ilgesinde elma gesitlerinde yaptigi
calismada tespit ettigi pH miktar1 2.83-4.11. Oztiirk ve ark. (2016). Samsun ekolojik kosullarinda MM 106
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elma anaci iizerine asili elma gesitlerinin ¢esitleri tizerinde yaptig1 ¢calismasinda 6l¢tiigii pH miktar1 3.43-4.34.
Selcen’nin (2017).

Tablo 4 Kirgiz Milli Ala Arca Parka Ait Yerli Cesitler Arastirma istasyonunda Yetisen Elma Cesitlerinin Baz1 Kimyasal
Ozellikleri

Table 4 Some Chemical Characteristics of Apple Varieties Grown in the Kyrgyz National Ala Archa Park Domestic
Varieties Research Station

Cesitl 10.95 341 058
Cesit2 12.15 381 0.21
Cesit3 13.05 357 0.48
Cesitd 13.75 3.73 0.66
Cesits 13.05 3.83 0.69
Cesit6 14.55 3.84 0.34
Cesit? 12.20 3.92 0.62
Cesit8 15.50 521 0.79
Cesit9 14.60 3.59 053
Cesit10 16.75 3.27 1.03
Cesitl1 12.00 3.35 0.74
Cesitl2 11.00 3.69 0.23
Cesitl3 3.48 7.40 0.66
Cesitl4 11.15 3.02 1.86
Cesitl5 10.60 3.50 0.85
Cesitl16 10.87 3.26 1.35
Cesitl7 10.90 3.63 0.39
Cesitl8 13.50 3.62 0.55

Tokat merkez ve ilgelerinde yetisen yerel elma ¢esitlerinde yaptig1 arastirmasinda saptadigi pH miktar1 2.88-
5.30. Boyaci’nin (2019). Kirsehir kosullarinda yetisen MM 106 yar1 bodur elma anaci lizerine asili Mondial
Gala. Red Chief. Golden Delicious. Braeburn ve Granny Smith elma ¢esitlerinde yapmis oldugu ¢alismalarin
sonucunda belirledigi pH miktar1 3.31-4.03 degerleri ile benzerlik gdstermektedir. Ancak en yiiksek pH olarak
belirledigimiz Cesit 13 ¢esidi (7.40) literatiirde bildirilen degerlerden daha yiiksek deger almistir. Bu durumun
cesit 6zelliginden kaynaklandigi sdylenebilir.

Titre edilebilir asitlik miktar1 bakimindan Kirgiz Milli Ala Arca parkta yetistirilen yerel elma cesitlerinin
degerleri %0.21-1.86 araliginda saptanmustir. Giileryliz ve ark. (1993). Kagizman ilgesinde yetisen Banem.
Kaburgali. Matibey. Mirizo. Sah ve Uzun elma cesitlerinde yapilan arastirmada asit miktarlar1 %0.29-0.44.
Miller ve ark. (2004). Amerikan Birlesik Devletleri ve Kanada’da bazi elma gesitleri tizerinde yiirattiikleri
calismada titre edilebilir asit miktar1 %0.39- 0.98. Kirkaya ve ark. (2014). Ordu ili Persembe ilgesinde
yetistirilen yerel elma genotiplerinin pomolojik. fenolojik ve morfolojik &zelliklerinin belirlenmesi amaciyla
2010-2011-2012 yillarinda yiirittiikleri calismada TEA oraninin %0.40-1.64. Balta ve ark. (2015). Ordu ilinin
Kumru ilgesinde elmalarda yaptiklar1 aragtirmada titre edilebilir asit miktar1 %0.22-2.01. Oztiirk ve ark.
(2016). Samsunda yaptiklar1 aragtirmalarinda titre edilebilir asitlik 9%0.39-0.90 ve Selcen’in (2017). Tokat
merkez ve ilgelerinde yapmis oldugu arastirmada titre edilebilir asit miktar1 %0.20-1.41 degerlerden daha
yiiksek deger almistir.

Yapilan caligmalarda tespit edilen degerlerle bizim tespit ettigimiz degerler hemen hemen ayni1 degerlerdir.
Elma gesitlerinde meyve kabuk rengi tespitlerinde L degeri - 62.04 ile Cesit 14 ¢esidinde en diisiik. 127.11 ile
Cesit 10 gesidinde en yiiksek olarak Ol¢iilmiistiir (Tablo 5). a degeri 6l¢iimiinde ise en yiiksek deger 27.19
olarak Cesit 10 ¢esidinde. en diisiik deger -37.3 olarak Cesit 6 gesidinde belirlenmistir. Bir diger renk degeri
olan b’de ise renk dagilimi -16.32 ile 45.01 (Cesit 14-Cesit 18) arasinda bulunmustur (Tablo 5).

Belirlenen bu degerler. diger arastiricilardan Boyaci’nin (2019) Kirsehir kosullarinda MM 106 yar1 bodur elma
anaci lizerine asili Mondial Gala. Red Chief. Golden Delicious. Braecburn ve Granny Smith elma ¢esitlerinde
belirledigi meyve kabuk rengi L degeri 19.50-78.86. a degeri -21.01-43.24. b degeri 10.10-51.24 degerleri ile
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benzerlik gostermemistir. Meyve kabuk rengi ¢eside. yetistirilen ekolojik faktorlere. toprak kosullarma ve
uygulanan kiiltiirel uygulamalarina gore farklilik géstermektedir.

Tablo 5 Kirgiz Milli Ala Arca Parka Ait Yerli Cesitler Arastirma Istasyonunda Yetisen Elma Cesitlerinin Bazi Meyve
Renk Ozellikleri

Table 5 Some Fruit Color Characteristics of Apple Varieties Grown in the Kyrgyz National Ala Archa Park Domestic
Varieties Research Station

Cesit 1 0.82 -5.34 0.86 -0.6 -0.54 -4.28
Cesit 2 6.29 3.77 552 58.75 5.17 35.06
Cesit 3 2.8 6.45 -6.67 -1.42 351 6.37
Cesit 4 66.37 1.07 37.83 65.85 -15.34 3.77
Cesit 5 54.43 097 18.13 33.07 -2.15 3.17
Cesit 6 48.28 -37.3 40.89 -6.79 5.13 358
Cesit 7 38.8 21.79 22.53 62.46 -10.69 8.53
Cesit 8 34.51 13.46 13.66 0.47 13 0.42
Cesit 9 28.08 12.14 8.44 76.87 754 24.27

Cesit 10 127.1 27.19 20.91 -0.51 4 18

Cesit 11 29.84 26.28 11.43 68.03 -17.21 31.61

Cesit 12 10.41 20.58 11.32 50.15 -18.06 13.06

Cesit 13 29.13 8.48 6.92 76.2 -18.41 17.97

Cesit 14 62 219 -16.32 21.45 -12.97 3.79

Cesit 15 58.75 3.26 35.64 52.62 2.49 29.22

Cesit 16 30.58 11.22 9.45 56.17 -14.75 1238

Cesit 17 65.57 -8.99 41.01 54.34 -0.1 26.95

Cesit 18 67.11 151 45.01 17.49 177 0.09

Sonuc ve Oneriler

Bu arastirma Kirgizistan'in Ciiy bolgesindeki Kirgiz Milli Ala Arca Parki'nda yer alan elma genotiplerinin
pomolojik ozelliklerini inceleyerek bu gesitlerin iretime kazandirilmasinin yaninda 1slah galigmalari igin
potansiyelini degerlendirmeyi amaglamaktadir. Arastirma sonucunda incelenen 18 adet yerli elma ¢esidinde
onemli varyasyonlar tespit edilmistir. Ozellikle meyve biiyiikliigii, meyve sekli ve meyve rengi bakimindan
bliytik farkliliklar belirlenmistir.

Caligmada incelenen c¢esitlerin meyve agirliklar bakimindan ticari olarak yetistirilen ¢esitlerin agirliklart ayni
zamanda Cesit 14 disindaki ¢esitlerin tamami ise meyve boyutlart bakimindan 1.sinif meyve boyutlarina yakin
veya lzerindedir. Bu ¢esitler raf dmiirlerinin belirlenmesi, muhafaza 6zelliklerinin belirlenmesi, hastalik ve
zararlilara karg1t dayaniklilik 6zelliklerinin belirlenmesi ile birlikte oncelikle Kirgizistan geneline yayilarak
elma iiretimine kazandirilmali diisiincesindeyiz. Calismada incelenen yerel gesitler tescil edilerek korumasi ve
diinya literatiiriine kazandirilmasi gerektigi kanaatindeyiz. Yerel elma g¢esitlerinin korunmasi ve
degerlendirilmesi hem iilke ekonomisine hem de tarimsal gesitlilige 6nemli faydalar saglayacaktir.
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ABSTRACT

Proteins have unique properties to participate in many structural and physiological
processes. Knowledge of the three-dimensional structure of proteins is important to
understand their roles in the physiological processes and the functions of these
processes. Any structural defect in proteins due to mutations can cause diseases,
treatment unresponsiveness, and drug resistance development. The recent emergence
of the new SARS-CoV-2 variants containing mutations that accelerate the spread of
the virus by affecting infectiousness has been of concern. In the study, visualization of
the homology model and investigation of the chemical properties of L18F mutation
responsible for the formation of mutant type SARS-CoV-2 spike protein via in silico
approach was intended. In this study, amino acid number, molecular weight,
theoretical pl value, the percentage composition of amino acids, total negatively
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charged residue number, total positively charged residue number, atomic composition,
formula, total atomic number, molar extinction coefficient, aliphatic index, and the
average hydropathy were calculated via ProtParam. The FASTA amino acid sequence
was used for visualization of the homology models via UCSF Chimera in wild-type
and mutant-type spike proteins. Basic chemical calculations also were displayed on
BIOVIA Discovery Studio Visualizer. AAG value and the changes in the stability in
L18F mutation were predicted via I-Mutant Suite software. We detected that location
of the mutant residue is near a highly conserved position and the L18F mutation may
not cause the damage.

Introduction

Proteins are molecules that participate in many physiological processes and are found in all organisms. Proteins
participate in many physiological processes such as cell structure, cell viability, cell signals, ligand binding, and enzyme
catalysis [1]. All proteins consist of amino acid sequences called polypeptide chains. In proteins in biological
organisms, there are 20 types of amino acids with different characteristics, all of which have a common central carbon
atom, an amino group, and a carboxyl group [2]. Each amino acid has its properties [3]. The three-dimensional structure
(3D) is important for understanding protein structure [4]. The specific order of amino acids determines the 3D structure
of a protein [5]. The folding of a protein into a certain conformation depends on physicochemical properties such as
hydrogen bonds, ionic interactions, Van der Waals forces and hydrophobic interactions, and covalent interactions
between amino acids [6]. The amino acid sequence determines how these interactions occur. The way a protein folds
also depends on environmental influences such as the presence of water or lipids and the pH of the environment [7].
Knowing this structure is vital in understanding the function of the protein. Changing any amino acid can disrupt the
entire structure or function of the protein by disrupting the protein and its environment, as well as the forces of
interaction within the protein [8].

Knowing the three-dimensional structure of proteins is important in understanding their role in the physiological
process and the functioning of this process [9]. Three-dimensional structures of proteins can be revealed by various
experimental studies. However, besides these experimental studies, there are also important developments in studies on
determining the three-dimensional structural models of proteins using bioinformatics methods. Any structural defect in
proteins due to mutations can cause diseases, treatment unresponsiveness, and drug resistance development [10].

The emergence of new variants of SARS-CoV-2, which have emerged recently and contain mutations that affect
transmissibility and accelerate the spread of the virus, has been a matter of concern [11]. Especially with the
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identification of two independent strains that emerged in the United Kingdom and South Africa, studies on the detection
of new mutations gained momentum. SARS-CoV-2 strains B.1.1.7 emerged in the UK (HV 69-70 deletion, Y144
deletion, N501Y, A570D, P681H, T7161, S982A, D1118H) and B.1.351 in South Africa (L18F, D80A, D215G, R246l,
K417N, E484K, N501Y, and A701V) were detected in the spike protein receptor binding site (RBD) [12].

Within the scope of the study, homology modelling studies of the L18F mutation res-ponsible for the formation of
mutant type coronavirus occurring in the receptor-binding domain (RBD) of spike protein by Swiss Model and amino
acid number, molecular weight, theoretical pl value, the percent composition of amino acids, the total amino acid
content of wild and mutant type were calculated via ProtParam.

Materials and Methods

The L18F mutation was detected in the B chain in the receptor-binding domain (RBD) of the spike protein of
the Sars CoV2 virus that causes Severe Acute Respiratory Syndrome (SARS). The homology model of L18F
mutation was created by bioinformatics tools. In the study, the Uniprot website and GenBank database of
the National Center for Biotechnology Information (USA, NCBI) website were used detection of the amino
acid sequence of the SARS CoV2 spike RBD protein [13]. Sequence information was arranged according to
wild type and mutant type. Homology models of Spike protein types (wild and mutant types) were created
with the Swiss Model Program which is a web-based bioinformatics tool, and the obtained three-dimensional
models were examined with the UCSF Chimera program which is a visualization tool [14, 15]. Physico-
chemical properties of models were obtained by ExPASy-ProtParam which is a bioinformatic tool and
results were evaluated. sequence with accession numbers PODTC2 was used for wild type in this study [16].
Swiss model analysis

The homology modelling study was carried out using Swiss-Model [17] database and the Chimera program.
Wild and mutant type sequence sets were loaded into the system separately and their three-dimensional
structures were obtained. The selection was made by looking at the Qualitative Model Energy Analysis
(QMEAN) values of the three-dimensional structures obtained.

Homology Modelling by Chimera Program

Using UCSF Chimera program tools, all proteins were superimposed with each other, and visualization of
three-dimensional structures was provided. The structural differences of the mutant protein were observed by
visualizing the wild-type and mutant protein structures with a ribbon display.

Detection of Physico-chemical Properties

In the study, the Physico-chemical properties of Spike protein were calculated to understand the functional
diversity. For this purpose, the ProtParam program of the ExPASy database, which is one of the
bioinformatics tools, was used. FASTA formats of wild and mutant types were obtained on the GeneBank
database. Physico-chemical properties of models were calculated. In both models (wild and mutant type);
amino acid number, molecular weight, theoretical pl value, the percent composition of amino acids, total
number of negatively charged residues, the total number of positively charged residues, atomic composition,
formula, total atomic number, molar extinction coefficient, aliphatic index, and average hydropathy were
calculated.

Result and Discussion

In homology modelling, protein sequence and three-dimensional structure information previously obtained
by methods such as X-ray are used. Although a nature-like structure is not fully met in modelling, these
studies are of great importance for clinical drug development studies. Mutations occurring in the RBD region
are an important issue affecting sustained ligand binding and thus virus infectivity [18]. The changes caused
by these mutations on the binding surface give us information about the degree of danger of the variation.
The amino acid sequence format that will be used as a basis in bioinformatics studies has been created based
on the NCBI-P30518 accession number sequence. These arranged sequence sets were used to create the
three-dimensional structure and extract the pysico-chemical properties of the models. The sequence of wild-
type and mutant-type proteins is shown in Figures 1 and 2.
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Wild Type

MEVFLVLLPL VSSQCVNLTT RTQLPPAYTN SFTRGVYYPD KVFRSSVLHS
TQDLFLPFFS NVIWFHAIHV SGTNGTKRFD NPVLPFNDGV YFASTEKSNI
IRGWIFGTTL DSKTQSLLIV NNATNVVIKV CEFQFCNDPF LGVYYHKNNK
SWMESEFRVY SSANNCTFEY VSQPFLMDLE GKQGNFEKNLR EFVFKNIDGY
FKIYSKHTPI NLVRDLPQGF SALEPLVDLP IGINITRFQT LLALHRSYLT
PGDSSSGWTA GAAAYYVGYL QPRTFLLKYN ENGTITDAVD CALDPLSETK
CTLKSFTVEK GIYQTSNFRV QPTESIVRFP NITNLCPFGE VFNATRFASV
YAWNRERISN CVADYSVLYN SASFSTFKCY GVSPTKLNDL CFTNVYADSF
VIRGDEVRQI APGQTGKIAD YNYKLPDDFT GCVIAWNSNN LDSKVGGNYN
YLYRLFRKSN LKPFERDIST EIYQAGSTPC NGVEGFNCYF PLQSYGEFQPT
NGVGYQPYRV VVLSFELLHA PATVCGPKKS TNLVKNKCVN FNENGLTGTG
VLTESNKKFL PFQOFGRDIA DTTDAVRDPQ TLEILDITPC SFGGVSVITP
GTNTSNQVAV LYQDVNCTEV PVAIHADQLT PTWRVYSTGS NVFQTRAGCL
IGAEHVNNSY ECDIPIGAGI CASYQTQTNS PRRARSVASQ SIIAYTMSLG
AENSVAYSNN SIAIPTNFTI SVITEILPVS MIKISVDCIM YICGDSTECS
NLLLQYGSFC TQLNRALTGI AVEQDKNTQE VFAQVKQIYK TPPIKDFGGF
NFSQILPDPS KPSKRSFIED LLFNKVILAD AGFIKQYGDC LGDIAARDLI
CAQKFNGLTV LPPLLTDEMI AQYTSALLAG TITSGWTFGA GAALQIPFAM
QMAYRFNGIG VTONVLYENQ KLTANQFNSA IGKIQDSLSS TASALGKLQD
VVNQNAQALN TLVKQLSSNF GAISSVLNDI LSRLDKVEAE VQIDRLITGR
LOSLOTYVIQ QLIRAAEIRA SANLAATKMS ECVLGQSKRV DFCGKGYHLM
SFPQSAPHGV VFLHVTYVPA QEKNFTTAPA ICHDGKAHFP REGVEVSNGT
HWEVTQRNEFY EPQIITTDNT FVSGNCDVVI GIVNNIVYDP LQPELDSFKE
ELDKYFENHT SPDVDLGDIS GINASVVNIQ KEIDRLNEVA KNLNESLIDL
QELGKYEQYI KWPWYIWLGF IAGLIAIVMV TIMLCCMTSC CSCLKGCCSC
GSCCKFDEDD SEPVLEKGVEKL HYT

Fig 1 Wild-type sequence for the formation of the three-dimensional structure

L18F Mutation

MFVFLVLLPL VSSQCVNFTT RTQLPPAYTN SFTRGVYYPD KVFRSSVLHS
TQDLFLPFEFS NVIWFHAIHV SGINGTKRFD NPVLPFNDGV YFASTEKSNI
IRGWIFGTTL DSKTQSLLIV NNATNVVIKV CEFQFCNDPEF LGVYYHEKNNE
SWMESEFRVY SSANNCTFEY VSQPFIMDLE GKQGNFKNLR EFVFKNIDGY
FKIYSKHTPI NLVRDLPQGF SALEPLVDLP IGINITRFQT LLALHRSYLT
PGDSSSGWTA GARRYYVGYL QPRTFLLKYN ENGTITDAVD CALDPLSETK
CTLKSFTVEK GIYQTSNFRV QPTESIVRFP NITNLCPFGE VENATRFASV
YAWNRKRISN CVADYSVLYN SASFSTFKCY GVSPTKLNDL CETNVYADSF
VIRGDEVREQI APGQTGKIAD YNYKLPDDFT GCVIAWNSNN LDSKVGGNYN
YLYRLFRKSN LEKPFERDIST EIYQAGSTPC NGVEGFNCYE PLQSYGFQPT
NGVGYQPYRV VVLSFELLHA PATVCGPKKS TNLVENKCVN FNEFNGLTGTG
VLTESNKKFL PFQQFGRDIA DTTDAVRDPQ TLEILDITPC SFGGVSVITP
GTNTSNQVAV LYQDVNCTEV PVAIHADQLT PTWRVYSTGS NVFQTRAGCL
IGAEHVNNSY ECDIPIGAGI CASYQTQTNS PRRARSVASQ SITAYTMSLG
AENSVAYSNN SIATPTNFTI SVITEILPVS MTKTSVDCTM YICGDSTECS
NLLLQYGSFC TQLNEALTGI AVEQDENTQE VFAQVKQIYK TPPIKDFGGF
NESQILPDPS KPSKRSFIED LLFNKVILAD AGFIKQYGDC LGDIAARRDLI
CRAQKFNGLTV LPPLLTDEMI AQYTSALLAG TITSGWTFGA GAALQIPFAM
QMAYRFNGIG VTQNVLYENQ KLIANQFNSA IGKIQDSLSS TASALGKLQD
VVNONAQALN TLVKQLSSNE GAISSVLNDI LSRLDKVEAE VQIDRLITGR
LQSLOTYVTQ QLIRAAEIRA SANLAATKMS ECVLGQSKRV DFCGKGYHLM
SFPQSAPHGV VFLHVTYVPA QEKNFTTAPA ICHDGKAHFP REGVFVSNGT
HWEVTORNFY EPQITITTDNT FVSGNCDVVI GIVNNTVYDP LOPELDSFKE
ELDKYFENHT SPDVDLGDIS GINASVVNIQ KEIDRLNEVA KNLNESLIDL
QELGKYEQYI KWEWYIWLGF IAGLIAIVMV TIMLCCMTSC CSCLKGCCSC
GSCCKFDEDD SEPVLEGVEKL HYT

Fig 2 Mutant-type sequence for the formation of the three-dimensional structure

3D structures of the spike protein were obtained by using wild and mutant-type sequence sets. 3D structure
of Spike protein homology modelling was performed using the Swiss-Model (www.swissmodel.expasy.org)
database and the Chimera program,

By examining the QMEAN values of the three-dimensional structures obtained, high models were selected
and used as models (Table 1). We used the PODTC2 accession number sequence for the wild type as the
basis. The selection was made by evaluating the QMEAN values of the 3D structures obtained as a result of
Swiss Homology modelling. The QMEAN for the wild type was detected at -1.59 and the mutant type was
detected at -1.58.
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Table 1 QMEAN values of the models that homology modeling was built by Swiss-Model

QMEAN
Wild-type -1,59
L18F -1,58

Basic chemical calculations were displayed on BIOVIA Discovery Studio Visualizer (Table 2). Leucine is a
more hydrophobic amino acid than phenylalanine (Hydrophobicity values are 3.8 and 2.8, respectively).
Protein-ligand binding needs hydrophobic interactions. L18F mutation at the RBD site of the spike protein
gains more hydrophilic character to the protein. Changing the stability and AAG value in L18F mutation was
predicted via I-Mutant software. The conditions were selected as 25°C, pH: 7.0 (default settings), and the
software showed that the stability of the mutant spike protein decreased. Also, the graph of temperature—
AAG was created in Microsoft Excel. According to the data, AAG is increased when the temperature is
decreased. The increased temperature causes a more unstable mutation at the B: 18F site.

Table 2 Calculation of hydrophobicity by BIOVIA Discovery Studio Visualizer

Full name Hydrophobicity Secondary struc-
N - ture
Wild-type B:Leul8 3.8 Coil
Mutant-type B:Phels8 2.8 Coil

Also HOPE web service was utilized for determining the structural effects of the mutant protein in this study.
The location of the mutant residue is near a highly conserved position and L18F mutation may not cause
damage. Receptor-ligand interactions could be changed negatively in the structural base because the mutant
residue is bigger than the wild-type residue. The amino acid change was detected for the mutant type (Figure
3).

175 R <

: N RN
AN

Fig 3 Wild-type ribbon structure
The change in the receptor-binding domain of the mutant type Spike protein is shown in Figure 4. The amino
acid Leucine at position 18 in the wild-type receptor-binding domain of the spike protein was converted to
mutant-type as phenylalanine. When the ribbon structure of both models was examined, conformational
change was not observed.
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Fig 4 Amino acid changes

Leucine is a more hydrophobic amino acid than phenylalanine (Hydrophobicity values are 3.8 and 2.8,
respectively). Protein-ligand binding needs hydrophobic interactions. L18F mutation at the RBD of the spike
protein gains more hydrophilic character to the protein. Also HOPE web service was utilized for determining
the structural effects of the mutant protein in this study. The location of the mutant residue is near a highly
conserved position and L18F mutation may not cause damage. Receptor-ligand interactions could change
negatively in the structural base because the mutant residue is bigger than the wild-type residue.

Travel restrictions have been imposed in most countries since the pandemic was declared. However, the
SARS-CoV-2 virus continued to mutate. New SARS-CoV-2 variants occurred and continued to spread
across continents.

Substitution of phenylalanine with aromatic ring instead of leucine with aliphatic chain impairs steric
elasticity in the protein chain. It may cause the ligand not to cleave. It breaks conformational elasticity
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sterically. Aromatic rings increase stability [19]. As the increased stability also strengthens the ligand-protein
bonds, continuous binding takes place. This increases the damage of the mutation. It is a negative situation in
methods such as xray in the study of protein ligand interactions. Because the relaxed structure of the protein
cannot be visualized. There is no such disadvantage in homology modelling [20].

In a study, Kuzmina A. et al. detected that the L18F mutation (B. 1. 351 variant) is more resistant to greater
infectivity and antibody neutralization [21]. Moreover, they showed that when K417T/E484K mutants were
compared with L18F, it was detected that these mutants resisted the post-vaccination serum neutralization
similarly to L18F.

On the contrary, Thomson EC. et al. found that N439K facilitated resistance to antibody neutralization [22].
Boon S. et al. speculated that N439S, T478S, and N501K mutations gave the virus a chance to infect host
cells more efficiently and with low antigenicity. They detected that these mutations allow SARS-Cov2 to
enter the host cell easily and make it easier to infect the cell [23].

Shahhosseini N. et al. used the SWISS-MODEL database to create homology models for SARS-CoV-2
Spike protein mutants [24]. We also used the SWISS-MODEL database for homology modelling. However,
we cannot obtain hydrophobic interactions, hydrophobic structure, or atom-bond visualizing for protein by
SWISS-MODEL. Because of this situation, we used the Chimera program and we backed up our models
with Chimera.

Conclusion

Detection of the effects of changes in the protein sequences of the SARS-CoV-2 virus is an important
element in determining the spread and severity of COVID-19. In particular, since spike protein is closely
related to receptor proteins such as ACE2, FURIN, and TMPRSS2 in humans, it is extremely necessary to
determine the rate and direction of change in this protein. The change from leucine to phenylalanine at amino
acid 18 is found in the VOC strain that has a replicative advantage, and it is clear that such mutations result
in subspecies with novel properties. When we consider the drug development process from a technological
point of view, vaccine studies against COVID-19 are at the beginning and it is a matter of debate whether
they are sufficient against variants. We think that it is important to model all newly formed variants just like
in our study and to examine them from all chemical aspects. In addition to our in silico study, performing in
vitro studies will be important in terms of understanding the beta coronavirus species and subspecies that are
likely to occur in the future.
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