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ABSTRACT

Encountering potential hazards in the work environment is a natural consequence of work life. Workplaces must take
all safety precautions to protect the health of employees. Selecting appropriate experimental studies in a chemistry
laboratory and adhering to Occupational Health and Safety (OHS) rules contribute to the development of chemistry
education. Nowadays, both teaching staff and students experience deficiencies in their teaching areas and professional
literature, and it is necessary to continually maintain studies in line with modernization and OHS principles in the
education process. In this study, an OHS risk assessment was conducted in Igdir University Chemistry laboratories,
potential risks were identified, and the necessary measures were assessed in accordance with regulations. The
importance of continuous training in the field of OHS for employees was emphasized. A total of 52 risks were
identified in the laboratories in the study, 31 of which required immediate action. 13 risks were of medium severity
and required planning for their elimination, and 8 risks were found to be acceptable. In addition to identifying what
measures are necessary for management, risk assessment also significantly contributes to performance and motivation

to work in a safe environment.

Keywords: Occupational risks, health and safety, chemical laboratory, hazards.

Kimya Laboratuvarlarinda is Saghg ve Giivenligi Risk Degerlendirmesi ve

Onlenmesi: Igdir Universitesi Ornegi

OZET

Is ortaminda olas tehlikelerle karsilagmak, is hayatinin dogal bir sonucudur. Isyerleri, calisanlarin sagligini korumak
igin tiim giivenlik dnlemlerini almalidir. Kimya laboratuvarinda uygun deneysel galismalarin secilmesi ve Is Saglig
ve Giivenligi (ISG) kurallarina uyulmasi, kimya egitiminin gelisimine katk1 saglar. Giiniimiizde, hem &gretim kadrosu
hem de 6grenciler, 6gretim alanlarinda ve mesleki literatiirde eksiklikler yasarlar ve egitim siirecinde modernizasyon

ve ISG prensipleriyle uyumlu ¢alismalari siirekli olarak siirdiirmek gereklidir. Bu ¢alismada, Igdir Universitesi Kimya
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laboratuvarlarinda bir ISG risk degerlendirmesi yapilmis, potansiyel riskler belitlenmis ve gerekli &nlemler
diizenlemelere uygun olarak degerlendirilmistir. Calisanlar i¢in alaninda siirekli egitimin 6nemi vurgulanmustir.
Calismada laboratuvarlarda toplam 52 risk belirlenmis, bunlardan 31'i hemen harekete gegilmesi gereken riskler
olarak belirlenmistir. 13 risk orta diizeyde ciddiyete sahiptir ve ortadan kaldirilmasi i¢in planlama gerektirmektedir, 8
risk ise kabul edilebilir bulunmustur. Risk degerlendirmesi, sadece yonetim i¢in hangi dnlemlerin gerektigini ortaya

koymakla kalmaz, ayn1 zamanda motivasyonda 6nemli bir artiga katk: saglar.

Anahtar Kelimeler: Mesleki riskler, saglik ve giivenlik, kimya laboratuvari, tehlikeler.

1. INTRODUCTION

The Occupational Safety and Health Law (6331 Law) establishes the general preventive
principles and basic conditions for ensuring occupational safety and health, preventing work-
related accidents, occupational diseases, and other health hazards at workplaces (Arabaci,
2018). This law particularly emphasizes the role of education and motivation in occupational
safety and health. Education is a powerful tool in establishing desired attitudes towards OHS
issues such as regular development of specialized knowledge and skills, optimizing the
occupational environment, technical equipment safety, and working conditions. This implies
that OHS issues need to be effectively integrated into lifelong education processes, including
vocational education, skill development, retraining, postgraduate courses, and new skills and
qualifications related to occupational safety. This approach tackles health preservation and risk
avoidance strategies as part of education programs that prepare students for a profession (Sen
et al., 2019). The improvement of working conditions and the prevention of occupational
accidents and diseases play a crucial role in raising OHS to a higher level. Employers
developing special programs and measures are considered the most effective method for
effectively enhancing OHS (Tulukgu and Akbulut, 2016). Prevention is defined as a set of
planned and applicable measures aimed at reducing the risks that may cause work accidents,
occupational diseases, and other health problems in the workplace. These measures include
procedures to be followed when employees are confronted with situations that seriously
threaten their lives or health (Zile, 2018). Chemical substances and mixtures are among the
important hazards that can cause health risks in the workplace from the perspective of OHS and
can significantly affect the possible consequences. Risk prevention principles in chemical
laboratories consist of fully understanding the effects of chemical substances and strict
adherence to usage instructions. According to regulations, all chemical substances and mixtures
should be labeled and made visible through visual signs such as symbols and pictograms. These
labeling and marking methods aim to provide a warning against potential health threats that
may arise during the handling of these chemicals. These symbols and pictograms provide
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information about the type of hazard and also associate the relevant hazard with its use, along
with various other data based on classification, on each packaging unit (Drakvik et al., 2020).
The Material Safety Data Sheet (MSDS), which provides detailed information about chemical
products, is used to obtain information about all hazards of the substance or mixture, including
environmental hazards, for the purpose of controlling chemicals in the workplace and to obtain
advice on safety measures. It contains: Product and Manufacturer Information: manufacturer,
company, or individual, and the name or trade name of the chemical substance. Hazard
Identification: Classification and symbols of the chemical substance's hazards
Composition/Ingredients: Contents and components of the chemical substance First Aid
Measures: First aid measures are to be taken in case of exposure. Firefighting Measures:
Precautions to be taken in case of a fire Accidental Release Measures: Precautions to be taken
in case of leakage or spillage Handling and Storage: Recommendations for Safe Handling,
Storage, and Use Exposure Controls/Personal Protective Equipment: Methods of Exposure
Control and Recommendations for Personal Protective Equipment Physical and Chemical
Properties: Physical and chemical characteristics of the chemical substance Stability and
Reactivity: Stability status of the chemical substance and information on reactions with other
substances Toxicological Information: Information on the health effects of the chemical
substance Ecological Information: Information on the environmental effects of the chemical
substance Disposal Considerations: Information on how to safely dispose of the chemical
substance Transportation Information: Safe transportation rules and instructions for the
chemical substance Regulatory Information: Compliance with relevant regulations and other
regulatory information Each section contains important information about the safe use and
handling of the chemical. Depending on the properties and level of danger of the chemical
substance, these sections may contain different details and precautions (Yavuz, 2020). In a
chemical laboratory, injuries can occur due to the effects of heat, chemicals, or objects (thermal,
chemical, or mechanical injuries). Working with chemical substances should be done with
absolute care and concentration. There can be various risks of injury (cutting, burning, and
alkali burning) in chemistry laboratories (Giingor, 2020). For example, contact of hot, caustic,
or corrosive chemicals with unprotected areas of the body, such as cleaning laboratory
glassware, working with a gas burner, pulling rubber hoses onto glass tubes, etc. If injuries
occur in a chemical laboratory, act quickly and use your common sense (Oner, 2020). When
distilling flammable liquids (such as ether or gasoline), the student should be familiar with the
properties of the chemicals they will be working with (boiling point, flash point, LD50) and

follow proper safety instructions. This includes being cautious around heating elements, stove
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burners, and flames. Caustic and corrosive substances (such as strong mineral acids, alkaline
metal hydroxides, and some organic compounds) should be used with extreme care and in
accordance with occupational safety guidelines (Yilmaz and Bilici, 2020). Working with these
chemicals should only be done in a fume hood. The use of personal protective equipment
(protective clothing, a face shield, goggles, and gloves) is mandatory. This study was conducted
to identify and evaluate the potential risks to which the personnel working in Igdir University
Chemistry Laboratories may be exposed. In addition to the small-scale and near-miss accidents
that occurred during the studies carried out in the laboratory, the increase in the number of
students working together with the disturbing odors emitted from time to time caused the safety
conditions to be questioned. The increase in the number and quantity of hazardous chemicals
used has also raised concerns. Considering the physical adequacy of the laboratories, it was
understood that the users were aware of the deficiencies. The high level of OHS awareness
among the employees has increased their expectations to work on taking security measures. The
need for measures to be taken in terms of OHS in laboratories has increased due to both the
dangerous materials used and the increasing number of employees. In this context, considering
the importance of the work done, it is of great importance that laboratory hygiene standards are
at a high level and that employees strictly follow the procedures in accordance with OHS rules.
With this study, the risk assessment carried out in laboratories from the perspective of OHS
will contribute to the quality, reliability, and international reputation of laboratories, as well as

ensuring their physical safety.

2. MATERIAL METHOD

As a general principle, risk assessment studies begin with the identification of hazardous
situations, sources of danger, and dangerous behaviors that may occur during the activities
available or carried out in the laboratory. The risks caused by the sources of danger are
determined, and the measures to be taken in accordance with the legislation are decided in order
to eliminate these risks, and the implementation of these measures is ensured. Finally, the
controls and review phase come in order to evaluate the performance of the measures taken.
This study was conducted at the Chemistry Laboratories of the Igdir University Engineering
Faculty. This laboratory is extensively used for research conducted by undergraduate, graduate,
and doctoral students, as well as faculty members. The use of the laboratory goes beyond
normal working hours and includes an area where different researchers work on different
projects involving different chemicals at different times or simultaneously. The research was

conducted in March and April 2023. Within the scope of this study, observations were made by
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occupational safety experts in the laboratory environment, the chemicals used were examined
in detail, planned and unplanned inspections were carried out, and comprehensive data
collection methods were applied. Observations contribute to our understanding of the types of
potential hazards to which employees are exposed during the activities carried out in the
laboratory. Interviews with laboratory staff were conducted to determine their expectations
about the safety measures needed. Informal interviews are based on candid and open dialogues
with employees and provide an important opportunity to understand their motivation levels,
safety expectations, and past near misses. A comprehensive literature review was also
conducted in the field of occupational health. The literature review included current scientific
studies, regulations, and best practices (Ozkilig, 2005). The combination of these methods
enables the risks faced by employees to be identified in terms of OHS. In this regard, solution-
oriented improvements were proposed by examining the relevant legislation. Within the scope
of this study, on-site assessments have been conducted in order to identify the risks that may
occur in the workplace and determine the probabilities of these risks occurring. These
assessments aim to detect possible hazards and risk factors within the workplace. The matrix
method has been utilized as the risk assessment methodology (Usanmaz and Ercan, 2020). This
method is based on the use of a matrix to assess and classify different risk factors (Table 1).
The risk values obtained through the matrix method have been determined based on the severity
and probability of the risk (Table 2).

Table 1. Likelihood and severity rating table

Likelihood (1) Rating Severity () Rating
1- Very Unlikely Once a year 1- Should be Considered | No loss of working hours
2- Unlikely Quarterly 2- Significant No lost workdays
3- Middle Once in a month 3- Serious Minor injury
4- Highly Likely Once a week 4- Very Serious Death, Limb loss
5-Very High Probability | Every day 5- Catastrophe Multiple deaths

RS(risk score) = l(likelihood)xs(severity)

These values (risk scores) guide the prioritization of potential risks in the workplace and
the implementation of OHS measures. Based on the obtained risk level, different strategies are
proposed for different risk levels. It is emphasized that appropriate procedures should be applied
for the management of acceptable risks, necessary measures should be taken to control risks at
a moderate level, and situations with a high risk level should be urgently addressed. With this
method, objective evaluation and prioritization of risks in the workplace and the



Sirnak University Journal Of Sciences 4(1):01-20 (2023) http://dergipark.gov.tr/sufbd

implementation of appropriate measures are ensured (Dikmen, 2022). This is considered an

important step towards improving OHS standards and enhancing the safety of workers.

Table 2. Matrix methodology matrix.

Severity ! 2 3 4 >

Likelihood

1 Very Low Risk Low Risk Low Risk Low Risk Low Risk
1 2 3 4 5

) Low Risk Low Risk Low Risk Significant Significant
2 4 6 Risk 8 Risk 10

3 Low Risk Low Risk Significant Significant Significant
3 6 Risk 9 Risk 12 Risk 15

A Low Risk Significant Significant
4 Risk 8 Risk 12

. Low Risk Significant Significant
5 Risk 10 Risk 15

Risk matrices are a preferred approach, representing a wide range of risk assessment
methodologies. Similar to other risk assessment methods, risk matrices are created using rating
factors developed to evaluate the risk level of a specific asset or event. Generally, risk matrices
are used to estimate the dimensions of "probability” and "impact" by using only two rating
factors. Therefore, the basic structure of the risk assessment tool is depicted in a matrix shape,
as seen in Table 3. The analysis and evaluation of potential risks in this approach are based on
critical combinations of these two main factors. While the probability factor reflects the
likelihood of a specific risk occurring, the impact factor expresses the severity of the
consequences of that risk. The values assigned to the cells of the matrix represent each
probability and impact level. In this way, risk assessment is performed by combining the
relevant factors to obtain a specific position for a risk on the matrix (Demirkan, 2015). Risk
matrices are used as effective tools to visually represent complex risk analyses in a more
understandable and efficient manner. This approach provides a useful guide to comparing
different risk scenarios, identifying priority risks, and effectively allocating resources. In
general, risk assessment methodologies are often used with 1-3, 1-4, or 1-5 scales to estimate
the relevant risk level of a specific threat. As the risk associated with the hazard increases, the

value of the corresponding rating factor also increases. It is common for the risk matrix to have
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different scale lengths for different rating factors. Therefore, the risk matrix may have unequal
numbers of rows and columns. Risk assessment is based on scoring the "likelihood" and
"severity" rating factors. When both factors receive high scores, the associated risk is
considered high, while low scores indicate low risk. As shown in Table 3, if a cell is highlighted
in red, the risk level of the corresponding event is high. Based on the results of the risk
assessment, there are different action categories available to reduce the identified risk level
(Buhurcu, 2016). Depending on the color and risk level of the matrix cell, different actions can
be initiated, ranging from "no action needed" to "emergency intervention” (Table 3). Therefore,
during the risk assessment, the methodology divides the groups into different categories, and
the rankings and probabilities of the groups are expressed solely through group membership
identifications (Figure 1). For these reasons, risk assessment methodologies are considered

powerful tools for developing a process or system.

Table 3. Matrix methodology decision table.

RISK TO CONSIDER

8,9, 10, 12,15 These risks should be addressed as quickly as
possible.

ACCEPTABLE RISK
May not require immediate action

- /\ .
LIKELIHOOD
LOW -

7 >
Figure 1. Risk decision graph

1,2,3,4,56
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3. RESULTS AND DISCUSSION
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The data obtained from field studies has been recorded and reported in risk assessment

tables. After identifying hazards, the potential risks associated with each hazard have been

determined. The probabilities of occurrence and severity of these risks have been identified,

and risk scores have been calculated by multiplying these values. Based on the magnitude of

the risk scores, the decision on the actions to be taken has been determined according to the

decision table (Table 3). In terms of methodology, measures to eliminate hazards and reduce

risks have been provided. With these measures, it has been possible to reduce the risks to an
acceptable level (Tables 4, 6, 7, and 8).

Table 4. High risk assessment chart

Hazard Sourse Hazard Risk Severity The current situation | | RRS
Panels in the lab.
There are no
Electrical Panels | Electric xt:;nziidan q ssrstﬁz
Electrical Panels | Are Inside the | Shock, Fire, | Death Or Fire 4 220
. . laboratory. also, there
Laboratories Explosion . . .
is no insulating mat.
Panel fronts material
that can cause fire vs.
Items on the| Stuck, fall,
Items left on the | escape route | jamming Multiple
. No 4 220
escape route block the escape | during Deaths
route evacuation
Inability to| .
Absence of Fire | ask forhelpin Injury,
Fire Alarm Button Explosion, No 4 220
Alarm Button emergency
L Death
situations
Doors made of
normally . . .
Confusion in | Jammin .
flammable . 9 Multiple
. Emergency Crushing, No 3 20
materials, nof.. =~ . Deaths
Situations Fire
emergency doors
fire
Easily flammable
material in| _. .
. . Fire, Multiple
Paint and Thinner | laboratory . P No 4 20
. Explosion Deaths
environment  or
processing
N i i N
Absence of Metal coc: ditisc:z;mg in Fire Poisoning,
Cabinet for| . - Serious Injury, | No 4 116
suitable for | Explosion
Consumables Death
hazard class
. Explosi
Failure to Perform | Lack of axprS:LIJ(I)tn Zi Multiole
Periodic Maintenance and . P No 4 16
. . machine Deaths
Maintenance Misuse .
failure
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Hazard Sourse Hazard Risk Severity The current situation |1 |s RRS
Chairs And Failure t'o Meet Waist ~ And | Occupational

Ergonomics . . . No 414 116
Tables .. Joint Pains disease

Conditions

. Gas Leakage, .
Gas Cylinders | Unprotected Ejslosei?)nage Multiple No 3l5] 15
And Gas Detector | Regulator p_ Deaths
During Use

Lack of Fire .

Extinguishers or Failure o Multiple
Fire Extinguishers g . Interfere with P No 3|5 115

Not Marking | _. Deaths

. . Fire
Their Locations

The condition of electrical panels in laboratories plays an important role in terms of OHS.
The presence of electrical panels in laboratories can bring various risks, especially increasing
the hazards of electric shock, fire, and explosion (Ordu and Bilir, 2017). The location, condition,
and surrounding conditions of the panels have a significant impact on the emergence of these
risks (Table 4). In accordance with regulations, necessary precautions should be taken when
electrical panels are present in laboratories. These precautions include: electrical panels should
be kept under lock and key, and a switch should be installed outside the panel to cut off the
electricity in case of an emergency. Required safety and warning signs should be added to the
electrical panels. These signs are used to alert workers about the electrical hazard and ensure
that they behave cautiously when necessary. Electrical panels should be relocated outside of
the laboratory and kept in a locked area. Labels containing the name, surname, and contact
information of the authorized person should be affixed to the panels. This way, the authorized
person can be easily reached, and intervention can be provided when necessary. Insulating mats
should be placed in front of each panel to prevent the presence of materials that can cause fire.
These mats reduce the risk of fire and increase the safety of the laboratory. Proper organization
and management of electrical panels ensure the safety of employees by minimizing electrical-
related risks in laboratories (Cortes and Cortes, 2023). These measures are of great importance
in meeting OHS standards and reducing potential hazards (Table 4). During emergency
situations, situations such as the presence of objects that can block emergency exit routes, the
lack of fire alarm buttons, or the lack or improper marking of fire extinguishers can cause
serious chaos and increase risks in the event of a fire. In this context, the risk level can increase
to a high level. Keeping emergency exit routes clear and accessible, ensuring fire extinguishers
are easily accessible, and ensuring effective use of fire alarms are of great importance for OHS
(Ates and Albayrak, 2022). In addition, during emergencies, emergency exit signs that provide
guidance should be powered by an uninterrupted power source. If this is not possible, these

signs should be replaced with phosphorescent green colors that are easily visible in the dark
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(Table 4). Fire extinguishers should be suspended with a hanging apparatus at a height of 90
cm from the ground, in accordance with regulations. Fire cabinets should be arranged based on
the principle that their distance does not exceed 30 meters on every floor and in every section
separated by fire walls. These cabinets should be positioned near corridor exits and stair
landings for easy visibility. Cabinets and enclosures containing fire hoses should be
appropriately sized for their intended use. This design should facilitate the use of hoses and
devices during fires and should not obstruct fire suppression operations. In addition, the fire
alarm button should be placed in an appropriate location, and personnel in the workplace should
be trained in fire drills and procedures. These measures enhance workplace safety by ensuring
effective response during emergencies and minimizing risks. Having easily flammable
materials present or handling them in a laboratory environment poses a serious risk potential.
To minimize this risk, appropriate safety precautions need to be taken. Particularly, proper
storage and handling of flammable materials such as paints and thinners are crucial. The
following steps are recommended for safe storage of such materials (Marendaz et al., 2013):
Flammable materials like paints and thinners should be stored in a locked area, away from fire,
heat sources, and sunlight, in a well-ventilated area. When paintwork is being done, the
laboratory should be completely emptied and should only be reopened for use after the
necessary procedures have been carried out. The following measures should be taken for fire
safety in laboratories: Each laboratory should have at least one fire extinguisher with a capacity
of at least 6 kg. Fire extinguishers should be hung at an appropriate height (90 cm), and their
visibility should be enhanced with markings. Fire drills should be conducted at least once a
year, and employees should be instructed on how to use the fire extinguisher and what to do in
case of emergencies. Emergency personnel should be identified, and their roles should be
defined, so that effective intervention can be carried out during a fire. These measures represent
important steps that need to be taken to ensure the safety of laboratory workers and facilities.
They help minimize risks by enabling effective response during fire and other emergencies
(Table 4). A clear distinction should be made between power installations and lightning
protection installations. This is because lightning strikes can leap from power installations to
other lines. The condition of the lightning rod cable should be regularly checked, and any
damages should be promptly repaired. Additionally, regular annual maintenance should be
performed to ensure the effectiveness of the lightning protection system. The positioning of the
lightning rod cable is also of critical importance. Especially, it should be moved away from
glass windows and iron railings to minimize the potential impacts of lightning strikes. This

measure aims to enhance the effectiveness of the lightning protection system and minimize the

10
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risks that may arise (Topal and Sanli, 2021). These methods encompass the precautionary
measures taken to minimize potential hazards caused by lightning. The separation of power
installations and lightning protection installations, as well as the regular maintenance and
proper positioning of the lightning protection system, hold great importance in terms of OHS.
This ensures the protection of facilities and the safety of employees by minimizing possible

lightning impacts (Ates and Albayrak, 2022).

Table 5. High risk assessment chart

Hazard Sourse | Hazard Risk Severity The current situation |1 |s RRS
. . Absence  of .
Lightning Rod| | so1ining Rod | Fire Multiple No 45 220
Installation . Deaths
Installation
Failure to Hang
the Fire | Inability  to
Extinguisher in | Easily Reach | Late Response to|, .
. . . Injur No 415 220
Compliance the Cylinder | Fire Jury
with the | in Case of Fire
Regulation
Loss Lightnin
Lightningrod | of Lightning gnining | peath No 35 115
shock
Rod Cable
Working with Infectious Diseases
Food Lab Biological . " | lness No 3|5 115
Infection
Agents
Eye and Safety | Absent or Fallure to Intervene VISIOI’} Loss, | Eye Shower Ayallable
Showers Corrunted in Emergency | Chemical But Not Working, No |4 |5 220
P Situations Poisoning Safety Shower
The  Number  of
Persons Working in
the Laboratories is
Chemical High. Employees
Exposure to Large | Poisoning cannot work
Ventilation Lack_ . of Amounts of | Throat comfortably_ and have 4|5 220
Ventilation . - to bump into each
Chemicals Irritation,
other. Large amounts
Lung Cancer .
of  chemicals are
inhaled and only
windows are used as
ventilation.
Employees not | Involuntary | Most of the Electrical
Oeratin knowing what to | Harm to | Appliances and
Inztructic?ns Lack of expect, using wrong | Machine, Machines Used Have |4 |5 220
materials and | Equipment, | No Instructions for
equipment or Self Use.
Starting  New .
Emplovee  Or Experience Ignorance, Near Poisonin
P _y ., |and Lack of|Miss and Accident| . G- It is done. 4|5 220
Working With Experience Situations Injury, Death
New Students P '
. Al f | Lack of E Explosion,
Machines bsence ~ of | Lack of Emergency _xp oston It should be checked. |45 220
Safety Valve | Response Fire

11
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Hazard Sourse | Hazard Risk Severity The current situation |1 |s RRS
Chemicals Have Been
Open Explosion Waiting in Cabinets
Chemicals P . Broken, Spilled _p ' for Many Years, |4|5 220
chemicals Fire
Bottles and Caps Are
Worn Out.

Taking appropriate measures for safety and emergency scenarios is vital in laboratory
environments. In this context, emergency exit doors should be present in laboratories.
Additionally, laboratory doors should have a width of over 100 cm and a self-closing feature
(Table 5). The design of laboratory doors should be organized, considering safety and practical
use. Therefore, they should be equipped with glass windows to prevent collisions and enable
observation of the situation from the outside. Furthermore, laboratory doors should be designed
to open outward. This approach increases the potential for quick and smooth evacuation in
emergency situations. Proper design and placement of laboratory doors are considered an
important step in effectively managing emergency situations and ensuring safety. These
measures aim to ensure the well-being of employees and laboratory users and comply with OHS
standards (Table 5). The use of or contact with chemical substances in a laboratory environment
is of critical importance for personnel health and safety. Therefore, personnel working with
such substances should be thoroughly informed about proper usage methods, the use of personal
protective equipment, and the necessary precautions in case of contact with these substances
(Ates and Albayrak, 2022). Generally, laboratories work with dangerous chemical substances
that can be harmful to human health. Therefore, it is a legal requirement to have the relevant
Material Safety Data Sheet available before using any chemical substance in a laboratory
environment. Labeling containers containing hazardous chemical substances is also of great
importance. These labels should include the full name of the chemical, its hazard class,
expiration date, and production date. Suitable storage areas and cabinets should be determined
based on the type and hazard level of chemical substances. During the storage process, suitable,
approved, and locked metal cabinets should be preferred. Chemicals should be stored in areas
away from sunlight, cool, dry, and well-ventilated. Additionally, it is important not to store
explosive, flammable, and acidic chemical substances together, ensuring compliance with
appropriate storage principles. Storing explosive chemical substances in specialized explosive

depots is also considered a vital measure (Topal and Sanli, 2021).

12



Sirnak University Journal Of Sciences 4(1):01-20 (2023)

Table 6. High risk assessment chart

http://dergipark.gov.tr/sufbd

Precautions

Partially Made

A Hazard Risk Severity T_he . current RRS
Sourse situation
Contingenc Failure to Respond None. Currently
Plan gency Absence Quickly in Emergency | Stamp, Crushing | Under 220
Situations Construction.
Fire Failure to Respond Available in
Extinguisher | Absence Quickly in Emergency | Stamp, Crush, Fire . 115
. . Corridors.
Cabinets Situations
Fire Failure to Respond 'lz\l\rlzii?)liénets Airﬁ
Extinguisher | Absence Quickly in Emergency | Fire, Burn, Death . . 220
L Corridors. But it
Tubes Situations .
is not enough.
Non- .
. Standing Low Back and | Musculoskeletal | Rests are made at
Ergonomic . . . . . 116
Work Joint Pain Disorder and Pain | regular intervals.
Postures
No One Has A
First aid [Not to be | Inability to Intervene in | Serious Damages, F'rSt__ Aid
trainin taken Emergency Situations, | Death Certificate, There 116
g gency ' Is No Trained
Personnel
Medicine
Medici Lack of Intervention in Seri b Cabinets Are
edicNe | Absence, Emergency Situations, | >S'0US DAMAGES, | A cilable  But 116
Cabinet : . Death .
Mishandling Materials  Are
Missing
Personal Skin Disorders
Protective Absence, Absence of PPE such as Poisoning, No Kkd Usage 220
- Has Been Found.
Materials Death, Eczema
Eating, Tea, Employees
EaFlng and | Coffee etc. in Accidental Ingestion of | Intoxication, Consume
Drinking the Chemicals Death Beverages such 116
Activities Laboratory. as Tea and Coffee
Drinking in the Laboratory.
Employees Not Employees have
Laboratory Lack of OHS | Receiving OHS | Accident, Injury, | not received 220
Staff Education Training  Appropriate | Death Basic OHS
for Their Jobs Training.
It is to be stored
Storage  of | Incorrect . . . unlabeled  and
Chemicals Storage Flash, Explosion, Fire | Death Injury mixed in wooden 220
cabinets.
Failure to .
. . . . -1
All Take Covid | Epidemic Disease . COV'C.j 9
. Contagion, Death | Vaccines 20
Employees 19 Sickness,

Gas cylinders used in laboratory environments should be stored safely in outdoor areas

(Table 6). In order to detect gas leaks and intervene with an automatic gas shut-off system, gas

detection detectors and automatic gas shut-off systems should be installed (Garchie et al., 2023).

Early detection and intervention of fire is of great importance within the framework of building
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fire protection regulations. Therefore, buildings should be equipped with smoke detection
systems, and sprinkler systems should be provided when necessary. Biological risk factors
emerge in the form of biological agents such as viruses, bacteria, fungi, and parasites and can
enter the body through respiration, skin contact, and eye contact. Hand hygiene should be
carefully implemented to minimize these risks. Employees should take care to prevent the
spread or transmission of unwanted substances and microorganisms, both to protect their own
health and to protect their coworkers (Che et al., 2020). Regarding hand hygiene, the "5
indications (hand hygiene) rule™ should be strictly followed in laboratories: Upon entering the
laboratory, After contact with clinical materials After removing gloves After direct contact with
laboratory surfaces Upon leaving the laboratory, Laboratory floors should have safety showers
in easily accessible locations, and hot-cold water systems should be provided. These measures
should be taken to minimize the risks that may occur during laboratory work and ensure the
health of the personnel (Table 6). It is of great importance for every laboratory to have adequate
ventilation; however, natural ventilation may sometimes be insufficient to provide the required
level of ventilation. Therefore, forced ventilation systems should be used to ensure effective
ventilation in laboratory environments. For the functionality and safety of laboratories, each
laboratory should have at least two fume hoods. These fume hoods should have a strong metal
structure, as their reliability and durability ensure the safety of the working environment. The
number of fume hoods should be considered in relation to the number of laboratory users.
Depending on the number of personnel, it may be necessary to increase the number of fume
hoods. In order to protect the health of personnel, laboratory workers should have a chest X-
ray at least once a year and be evaluated by an occupational physician. Especially employees
working with chemicals are required to use gas masks instead of dust masks. This provides
more effective protection against inhalable pollutants and aims to ensure the health and safety
of the workers. The user instructions for the acquired machines should be requested from the
relevant authorized companies, and these instructions should be affixed to the machines in a
clear and visible manner. In order to enhance safety measures, each machine should be equipped
with emergency stop buttons and safety valves. Unused chemical substances should be disposed
of with appropriate disposal methods. Pouring them down the sink or sewer should be strictly
prohibited. Unused chemicals should be delivered to special chemical waste repositories. These
wastes should be stored in separate containers in designated areas of the school, not in
laboratories. For this purpose, laboratory waste management procedures should be established
and strictly adhered to (Kusumaningtyas and Satrio, 2022). The first aid materials and

medicines that should be found in medicine cabinets are as follows: sterile gauze, cotton,
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bandages, adhesive tape, disinfectant solution, burn ointment, first aid brochure, body
thermometer, and usage instructions. Employees must use personal protective equipment
suitable for their work, such as a hat, gloves, an apron, gloves, and a mask. If possible, it would
be appropriate to prefer clean shoes specially worn in the laboratory environment. These
measures should be taken to increase laboratory safety, regulate chemical waste management,
and protect the health of employees. In this way, the laboratory environment can be transformed
into a safer and more efficient working area. Eating and drinking in the laboratory should be
strictly prohibited or prevented. Each employee or new student should receive at least 1.5 hours
of OHS orientation training. Since laboratories are classified as very dangerous, each employee
should receive 16 hours of OHS training per year. The presence of a material safety data sheet
for each chemical used in the laboratory is considered a legal obligation. Containers containing
hazardous chemicals should be equipped with labels with specific information; these labels
should include the full name of the chemical, hazard class, expiration and production dates, and
other information. Depending on the type and hazard classification of the chemical substances,
storage areas and cabinets should be arranged. Approved and appropriate storage cabinets
should be used for the safe storage of chemical substances. For this purpose, locked metal
storage cabinets should be preferred, and the use of wooden cabinets should be strictly avoided.
Chemicals should be stored in a cool, dry, well-ventilated area, protected from light and heat.
Chemical substances belonging to different hazard classes, such as flammable and explosive
substances, acids, and bases, should be stored separately. Explosive substances should be kept
in special explosive depots. Toxic substances should be stored in a different location from other
hazard classes, preferably in a cool, well-ventilated area protected from light and heat.
Oxidizing substances should be kept away from flammable and combustible materials.

Corrosive chemicals should be stored on lower shelves (Tait, 2019).

Table 7. Significant risk assessment chart

. . The current
Hazard Sourse | Hazard Risk Severity e cu l|s RRS
situation
. Cut Injury, Electri
Lambs No Exproof Fire ut Injury, Electne No 3|4 12 ]
shock =)
(9p)]
Infection,
The Floor Is . . L The floor
. Bacteria and Dirt on . Poisoning,
Dirty And Not Infection . |was very|4(2|8
Clean the Ground Eczema, Skin dirt o
Irritation Etc. Y- (7]
Contact with  the
Air  Freshener, | Chemical in  the | Chemical Intoxication, No 512110
Perfume Respiratory Area and | Spraying Allergic Reaction
Eyes (%’
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Hazard Sourse | Hazard Risk Severity The c.urrent l|s RRS
situation
Power point Broken Outlet Electric shock Electric shock No 2148 g
Death Uc_j”
. S Not Finding the
E Exit | | bl th t . .
r.nerg.ency. Xt InvisIbe In the even Emergency Exit | Multiple Deaths No 2|5 110
Direction Signs | of a power outage q
Door Ug))
Electrical Having Electrical
. Connections  Under | Electric shock Death No 2148
Devices g
the Tap 2
()]
Chemical Use,
Cleaning Reaction with | Intoxication L
. . . ' Intoxication, Death | No 21418
equipment Chemicals in the | Death xicatl
Environment =2
()]
Materials Put on | Materials on  the | Falling Under . .
the Cabinet Cabinet Falling Material Serious Injury No 31319 UE;
Extension Extension Cords - . Electric Shock
T fall . . N 2 11 g
Cables Unsecured ripping, fatling. Serious Injury 0 S 0 UE;
The T f Gl
Glass e Top of Glass Showcase Cover . .
Showcases Are Not . Serious Injury No 21418
Showcases . Falling ]
Fixed 5_)»
Items Blocking the|_ . . . Injury, Outpatient
Scattered Items Roads Tripping, falling Treatment No 4128 5_)»
Delayed o Not .
Perfc?/rmed r Air Legionella
Air conditioning o Bacteria Lung Diseases No 43 112
Conditioning
. Occurrence g
Maintenance 2
(9]
Electrical Clutter of Surface .
Installation Mounted Installation Electric shock Death No 21418
=)
2

In terms of laboratory safety, lighting fixtures should be fire-resistant. It is important to
regularly clean the laboratory floor; cleaning staff should be informed and warned about this
issue. Cleaned floors should be dried, care should be taken in the selection of cleaning materials,
and cleaning with chemical substances should be avoided. Additionally, sterilization should be
regularly carried out at certain intervals. In the laboratory environment, effective ventilation
should be provided instead of using room perfumes. If room perfumes are to be used, they
should be hung in a high place, electrical sockets should be properly installed, and gaps should
be filled with plaster. Unauthorized access to the electrical installation should be strictly
prohibited. Materials used after cleaning should be sealed, chemical substances should be
regularly categorized on shelves, and different cleaning materials should not be used
simultaneously (Table 7). Gloves and protective masks should be used during the cleaning
process; only plant-based and harmless products should be preferred as cleaning materials; and
the use of chemical substances should be strictly prohibited (Table 7). All of these precautions
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should be taken to ensure laboratory safety and health. In this way, an effective working
environment can be established, ensuring the safety of workers and the laboratory in general.
Loose objects should not be left on top of cabinets in the building, and employees and students
should be educated and made aware of this issue. When placing materials in the cabinet, the
principle of placing heavy materials in the lower compartments and light materials in the upper
compartments should be followed. Each item in the cabinet should be labeled and made
identifiable (Ates and Albayrak, 2022). The extension cords used inside the building must be
securely fastened. Unsecured outlets and loose electrical wires are at risk of being exposed to
external factors and being damaged, posing an electric shock hazard. Cable ties and channels
should be used to keep the cables organized. Similarly, the cables you collect should be placed
away from water sources. Unused faucets should be closed with blind plugs. Air conditioning
units, for example, need to have their pollen filters and devices maintained once a year to
prevent bacterial growth. In addition, hanging and scattering cables should be fixed, and broken
cable channels should be replaced when necessary. The electrical installation should be checked
at least once a year by authorized institutions or individuals, and leakage current relays should
be installed, ensuring that grounding is done correctly (Karapantsios et al., 2008). Maintenance
cards indicating that these controls have been performed should be kept by the school
management. Fixing the glass display case doors used for exhibition purposes or replacing them
with safer models is of great importance for the safety of the displayed material and visitors
(Table 7).

Table 8. Low risk assessment chart

. . The current
Hazard Sourse | Hazard Risk Severity . u | RRS
situation
Cabinets Unfixed Cabinets | Overturning the Cabinet | Death, Injury | Ng 1
. Broken in in Handl Minor Injur
Cabinets oken Cabinet Ca_lb et Handles Cause or Injury No 3
Handles Injury
Injury,
B And | Broken B . .
oards nd | Broken Board and Broken Glass Causing Cuts | Outpatient No 2
Tables Table Glasses
Treatment
Laborat | larit fl_ . Minor Inj
a (_)ra ory rregu arity o Trip, Fall, Crush inor Injury No 3
Devices Devices
Lesson Board W.OOd Screw crush Serious Injury No 2
Displaced
Unhvaienic Bacterial and
Aspirator y g Unhealthy Environment Microbial No 1
Aspirator .
Diseases
. Falling and Breaking of | Poisoning
Thermometer Using a Mercury Thermometer, Contact of No 1
Thermometer
Mercury to Humans

17



Sirnak University Journal Of Sciences 4(1):01-20 (2023) http://dergipark.gov.tr/sufbd

All unfixed cabinets within the premises need to be fixed to the wall. It is important to
promptly fix any broken cabinet handles. In cases where it is not possible to obtain new handles,
the protruding screws or nails need to be removed (Table 8). Broken glass in panels and frames
should be replaced with new ones. Panels and frames should be fixed with at least three points
for secure installation. Organizing laboratory equipment properly and removing unnecessary
materials is important for maintaining an effective working order. The chalkboard should also
be secured and provide safe usage. Additionally, the hose of the laboratory aspirator needs to
be replaced and cleaned periodically. Using digital thermometers instead of mercury

thermometers will provide safer and more accurate measurements.

4. CONCLUSION

The activities carried out in laboratories are generally risky and contain intense sources
of danger. In the environment subject to the study, hazards that are expressed as very risky and
that may cause deaths or even multiple deaths as a result of a possible accident if no precautions
are taken have been identified. The presence of electrical panels in the laboratory makes the
workplace very risky with the presence of flammable materials in the environment, as well as
the risk score, the fact that the escape sections are covered with materials, the doors are not
suitable for the work done, and there is no fire alarm system. This situation will ultimately
create a high probability for the risk to occur and will cause the degree of severity to be high.
The measures to be taken should be taken urgently to reduce the likelihood of the risk and, if
possible, to reduce its severity. Risks assessed in the category of significant risks related to
workplace order and organization can be eliminated by administrative solutions and ensuring
hygiene conditions. Improvements to be made in the medium term should be considered in
planning. In general, OHS procedures should be prepared in the laboratory, and periodic drills
should be carried out on how to act in emergencies as well as what to do about the work. OHS
training programs should be prepared before starting work and in certain periods. The aim of
OHS education is to provide students with the knowledge and competencies necessary to
develop their skills and abilities. Improving the quality and effectiveness of university
education has become a primary goal today. The basis of this goal is to ensure that the content
of education reflects scientific and technological developments. It is of great importance that
future chemistry teachers and chemists receive OHS training during their academic preparations
and obtain the most up-to-date information in this field. This preparation stands out as a measure
to prevent health and financial losses. A large number of students who have completed their

university studies work as teachers in vocational schools or high schools and manage laboratory
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work. For others, their work involves emphasizing OHS requirements. The content of the
training should ensure that the acquired knowledge, skills, and abilities are valuable in future
jobs or in everyday practice. Chemistry laboratory work is closely related to the validation and
advancement of theoretical knowledge, the development of skills, and, most importantly, the

adoption of safe working practices.
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OZET

Keten (Linum usitatissimum L.), yag ve lif 6zellikleri nedeniyle 6nemli endiistriyel tiriinlerden biridir ve ¢ok sayida
kullanim alanina sahiptir. Keten temelli {irlinlerin karakterizasyonu ve tanitimi/adaptasyonu biiyiik ilgi gérmektedir.
Bu baglamda calismamizda 6 (Verne, Mcduff, Clark, Bison, Zoltan ve Clli1523) ¢esit kullanilmistir. Ketenin yag
verimi ve ham yag oraninin yan sira yag igerikleri (a-Linolenik asit (C18.3), Linoleik asit (C18.2), Oleik asit (C18.1),
Stearik asit (C18.0) ve Palmitik asit (C16.0)) arastirilmistir. Degerlendirme igin, ¢esitlere karsilik gelen ilgili
parametreleri (yag asitleri) gorsellestirmek, iliskilendirmek ve ayirt etmek icin temel bilegenler analizi (PCA) (PAST
Software) ve 1s1 haritas1 kiimelemesi (ClustVis) gerceklestirilmistir. Buna gore, yag verimi agisindan en yiiksek deger
2,12 gile Clark'ta, en diigiik deger (0,97 g) ile Zoltan'da kaydedilmistir. Yag asitleri bilesenleri bakimindan, en yiiksek
a- linolenik asit yiizdesi Verne’de (%50,63) gozlenirken, ilgili bilesigin en diisiik degeri Bison'da (%39,02) tespit

edilmigtir. Parametrelere karsilik gelen gesitler arasinda net bir ayrim ve dagilim gézlenmistir.

Anahtar Kelimeler: Keten tohumu, Linum usitatissimum, a-linolenik asit (ALA), Yag asitleri

Determination of The Oil Ratio and Fatty Acid Composition of Some Registered
Varieties of Flax (Linum usitatissimum L.)

ABSTRACT

Flax (Linum usitatissimum L.) is one of the important industrial crops due to its oil and fiber properties and has
numerous uses. Characterization and promotion/adaptation of flax-based products are of great interest. In this
context, 6 varieties (Verne, Mcduff, Clark, Bison, Zoltan and Clli1523) were used in our study. In addition to oil
yield and crude oil content of flax oil contents (a-Linolenic acid (C18.3), Linoleic acid (C18.2), Oleic acid (C18.1),
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Stearic acid (C18.0) and Palmitic acid (C16.0)) were investigated. For the evaluation, principal component analysis
(PCA) (PAST Software) and heat map clustering (ClustVis) were performed to visualize, associate and distinguish
the relevant parameters (fatty acids) corresponding to the varieties. Accordingly, the highest value in terms of oil
yield was recorded in Clark with 2.12 g and the lowest value (0.97 g) was recorded in Zoltan. In terms of fatty acid
components, the highest percentage of a- linolenic acid was observed in Verne (50.63%), while the lowest value
of the related compound was determined in Bison (39.02%). A clear distinction and distribution were observed

among the varieties corresponding to the parameters.

Keywords: Flaxseed, Linum usitatissimum, a-linolenic acid (ALA), Fatty acids
1. GIRIS

Insanoglu icin gerekli olan besin kaynaklari, artarak devam eden diinya niifusu ve dogal
kaynaklarin kirlenmesi sebebiyle ciddi sekilde azalmaktadir. Bu kosullar nedeniyle
insanoglunun zorunlu beslenme ihtiyaglar1 ile ilgili egilimlerini degistirmesiyle bitkisel
tirtinlere olan ihtiyag hizla artmaktadir (Bennett ve ark., 2012; Moghaddam ve ark., 2018;
Kogak, 2022). Artan ihtiyaca bagli olarak, tarim temelli sanayinin gelistirebilmesi ve
ihtiyaglarin karsilanabilmesi i¢cin hammaddenin karsilanmasinin yaninda; segilecek bitki
cesidinin de endiistriyel kullanima uygun olmas1 gerekmektedir (Ruttan, 1999; Rocha ve ark.,
2021). Bu baglamda keten iiretiminin de dahil oldugu birgok bitki ile liretim baslamistir. Keten
(L. usitatissimum L.), 22 cins ve 300 tiire sahip Linaceace familyasina ait tek yillik, otsu ve
kendi kendine tozlagabilen endiistri bitkisi olmasinin yani sira; 1liman boélgelerde dagilimi olan
2n=30 kromozoma sahip diploid bir tiirdiir (Goudenhooft ve ark., 2018; Tchoumtchoua ve ark.,
2019; Talebi ve Matsyura, 2021; Kocak ve ark., 2022). Keten bitkisi i¢in Tiirkiye'de "bezir,
biziktan, cimit, kon, siyelek ve zeyrek" gibi yerel isimler kullanilmaktadir (Kogak ve ark.,
2023). Kuzey Suriye'deki Tell Abu Hureyra'daki arkeolojik kanitlara gore; Orta Dogu kokenli
ve yaklagik 10.000 y1l 6nce eski "Misirlilar ve Somariler" tarafindan yetistirilen keten bitkisinin
kullanim1 eski Misir ve Mezopotamya'ya kadar uzanmaktadir (Zohary ve Hopf, 2000; Saha ve
Hazra, 2004). Etiyopya, Orta Asya ve Hindistan bitkinin ikincil {iretim-gen-vb. merkezleri
olarak kabul edilmektedir (Vavilov 1951; Choudhary ve ark., 2017). Keten diinyanin diger
birgok bolgesinde daha kiigiik miktarlarda yetistirilmesine ragmen; gliniimiizde bilinen baglica
keten lireticileri arasinda Kanada, Cin, Rusya ve Hindistan yer almaktadir (Saleem ve ark.
2020). Bunlara ek olarak, tohumun endiistriyel kullanimma bakildiginda, hizli kuruma
ozellikleri nedeniyle "boya, vernik, sabun, macun ve polimerlerin" hazirlanmasi (Sulas ve ark.,
2019), "biyodizel tiretimi" (Bacenetti ve ark., 2017) ve "gida endiistrisi" (Pisupati ve ark., 2021)
gibi bircok uygulama alan1 bulunmaktadir. Keten tohumu diger 6nemli kullanimlarinin yani

sira, yaklasik %35-65 yag igerigi ile de karakterize edilmektedir. Yag igerigi ile ilgili olarak,

22



Sirnak University Journal Of Sciences 4(1):21-31 (2023) http://dergipark.gov.tr/sufbd

keten tohumu 6nemli miktarlarda yag asidi bilesimleri (a-linolenik asit (omega-3), linoleik asit
(omega-6), oleik asit, palmitik asit ve stearik asit) ile lignan, diyet lifi, protein, vitamin ve mikro
besin igerir (Wang ve ark., 2017; Xie ve ark., 2020; Deme ve ark., 2021; Djuricic ve Calder,
2021). Bununla birlikte yapisinda omega-3, omega-6, lignan ve protein gibi 6nemli bilesenler
bulunmasi nedeniyle kanser tedavilerinde (meme, kan, kolon ve deri vb.) kullanilmaktadir
(Singh ve ark., 2017; Toulabi ve ark., 2021; Hamed ve ark., 2022). Bu ¢alismada, Tiirkiye
Tarimsal Aragtirma Enstitlisii Miidiirliiklerinden temin edilen tescilli keten ¢esitlerinin yag asidi

kompozisyonlar1 ve yag verim/oranlarinin belirlenmesi amaglanmistir.

2. MATERYALLER VE METOTLAR
2.1 Materyal

Calismanin materyalleri iilkemizin farkli sehirlerinde bulunan Tarimsal Arastirma
Enstitiisii Midiirliiklerinden temin edilmistir. Ayni zamanda temin edilen Verne, Mcduff,

Clark, Bison, Zoltan ve Clli1523 gibi bazi tescilli keten ¢esitleri kullanilmistir.
2.2 Metotlar
2.2.1 Keten tohumu yag ekstraksiyonu;

Temin edilen her bir keten ¢esidi icin yaklasik 10 gram keten tohumu bir laboratuvar
blenderi tarafindan Ggiitiilerek toz haline getirilmistir. Ayrica, 6giitiilmiis keten tohumu 30 mL
hekzan ile 4 glin boyunca oda sicakliginda (25°C+1) ekstrakte edilmistir. Yapilan islem
sonunda, ekstre edilen tohum ¢6zeltisi bir filtre kagidi ile siiziildiikten sonrasinda darasi alinmis
50 mL plastik falkon tiipe aktarildiktan sonra, 40°C'de diisiik basing altinda uzaklastirilmistir.

Toplam yag miktari, agirlik kaybi dikkate alinarak %0 nem oranina gore hesaplanmustir.
Yag asidi analizi i¢in, elde edilen keten yag1 amber renkli cam kaplara aktarildiktan sonra analiz
i¢cin +4°C'de muhafaza edilmistir (Kogak, 2022).

Keten tohumundan elde edilen yag verimi asagidaki formiil yardimiyla hesaplanmistir;

Yield (%) = - x 100 (Capar ve ark., 2021).

We = ekstrakte edilen yagin agirligi, Wt = ekstraksiyon i¢in alinan numunenin agirligi
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2.2.2 Gaz Kromatografisi Alev Iyonizasyon Dedektorii (GC-FID) ile yag asidi bilesiminin
tespiti

Analiz i¢in hazirlanan &rnekler, Igdir Universitesi Arastirma Laboratuvar1 Uygulama ve
Arastirma Merkezinde (ALUM) bulunan 15 ml'lik kapakli santrifiij tiiplerine keten 6rneklerinin
yaglarindan 0,2 g alinarak tizerlerine 10 ml hekzan ilave edilmis ve iyice ¢alkalanmistir. Daha
sonra orneklerin bulundugu tiiplere 0,2 ml 1 N metanolde ¢oziilerek hazirlanan KOH ilave
edilmistir. lyice calkalanarak faz ayrimi gozlenmis ve iist faz berraklasana kadar 2 saat
karanlikta bekletilmistir. Berraklastirma isleminden sonra iist fazdan bir miktar viallere alinmis
ve yag asitleri, Gaz Kromatografisi Alev Iyonizasyon Dedektdriinde (GC-FID) SP 2560
100m*0.25mm*0.2pum kapiler kolonlu Agilent 7820 A GC-FID cihazi ile analiz edilmistir.
Enjeksiyon portu ve FID sicakligi 240°C, 1/10 split oran1 400 ml/dk basingta split enjeksiyon
modundadir. Kolon sicakligr 140°C'de 5 dakika bekledikten sonra dakikada 4°C arttirilarak
250°C'ye, 15 dakika bekledikten sonra 260°C'ye ¢ikarilmistir. Helyum tasiyici gazi 41 cm/sn
(Hidrojen) olarak kullanilmistir. Cihaza 1 pl enjekte edilen numuneler toplam 37,75 dakika siire
ile "Supelco ® 37 Component FAME Mix-Sigma-Aldrich" standart karigiminin analizinde elde
edilen GC-FID kromatogramu ile karsilagtirilmigtir.

2.2.3 Istatistiksel Analiz

Calismanin verileri, parametreleri (yag asitleri) gorsellestirmek, iligkilendirmek ve ayirt
etmek icin temel bilesenler analizine (PCA) (PAST Software) ve 1s1 haritas1 kiimelemesine

(ClustVis) tabi tutulmustur.

3. BULGULAR VE TARTISMA

Calismada kullanilan keten (L. usitatissimum L.) gesitlerin yag oram1 ve yag asidi
kompozisyonu Tablo 1'de, kromatogramlar1 Sekil 1'de, temel bilesenler analizi (PCA) Sekil

2’de ve 1s1 haritasi (heatmap) kiimelemesi Sekil 3’de sunulmustur.

3.1 Ham yag orani (%)

Keten yagi, gida ve sanayi endiistrisinde hammadde olarak dnemli kullanim alanlarina
sahiptir. Ayrica hayvan yemi olarak da kullanilmaktadir. Keten tohumu, bir¢ok yagli tohum
gibi, yiiksek yag icerigine sahip bir tiriindiir (Wang ve ark., 2020). Caligma ile birlikte, ¢esitler
icin ortalama ham yag verimi oran1 %26,11 tespit edilmistir. Bu baglamda verim gbz Oniine
alindiginda, en yiiksek ham yag verimi %39 (2,12g) ile Clark'ta kaydedilirken, en diisiik
degerler ise %19,2 (0,97g) ile Zoltan’da tespit edilmistir (Tablo 1). Mevcut bulgular yapilan

literatiir incelemesi ile Onceki raporlarla tutarli olmadigi, ilgili degerlerden diisiik oldugu
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goriilmektedir (Eliasson ve ark., 2003; %46; Tayinmak, 2019; %47,29). Onceki ¢alismalara
gore daha diislik olmasi kullanilan ¢esitlerin elde edildikleri bolgelerin, depolama kosullarinin

ve kullanima baglandig siirelerin etkili olabilecegi dngoriilmektedir.
3.2 Yag asitleri bilesimi

Yag asitleri, onemli etkileri ve ¢oklu biyokimyasal rollerinin yami sira hastalik
durumlarini azaltma potansiyelleri nedeniyle bir¢cok ¢aligmada kullanilmistir (Orsavova ve ark.,
2015; Tibullo ve ark., 2017; Razmaité ve ark., 2021). Genel olarak, bilinen tiim yag bitkilerinin
yani sira keten; a-linolenik asit (C18:3), linoleik asit (C18:2), oleik asit (C18:1), palmitik asit
(C16:0) ve stearik (C18:0) gibi yag asitleri ile karakterize edilir. Buna ek olarak, yag asitlerinin
doymus veya doymamis 6zelliklerinin ve birbirlerine oranlarinin hem insan tiiketiminde hem
de bitkinin ¢evreye adaptasyonunda biiyiikk 6nem tasidigi bilinmektedir. Mevcut ¢aligmada,
yapilan GC-FID analiz sonucunda c¢esitlerden elde edilen yag asitlerinde a-linolenik asit
Verne’de en yliksek (%50,63), Bison'da ise en diisiik (%39,02) olarak tespit edilmistir. Elde
edilen sonuglar dnceki ¢alismalara gore, Verne ¢esidine ait orana yakin oldugu tespit edilmistir
(Silska, 2019; %51,7). Ayrica, Bison ¢esidinde elde edilen sonucun 6nceki ¢alismalardan daha
diisiik oldugu tespit edilmistir (Berti ve ark., 2010; %56,2). Bu baglamda 6nceki ¢alismalara
gore daha diisiik olmasinda kullanilan ¢esidin muhafazasi, tohumun hasat edildigi bolgenin
ekolojik sartlar1 ve hasat stliresinin 6nemli oldugu 6ngoriilmektedir. Bu dogrultuda, linoleik asit
orani en yiiksek %19,42 ile Bison ¢esidinde, en diisiik ise %12,33 orani ile Clli1523 ¢esidinde
tespit edilmistir. Ayrica, oleik asitte ise en yiiksek oran %31,30 ile Bison ¢esidi, en diisiik oran
ise Mcduff’ta %21,33 olarak belirlenmistir. Onceki ¢alismalarla karsilastirildiginda Bison
cesidi (Berti ve ark., 2010; %16,5) sonuglarimiza gore diisiik oldugu tespit edilmistir. Buna ek
olarak onceki ¢aligmalarda oleik asidin McDuff ¢esidindeki (Kirby ve ark., 2011; %45,3) orani

mevcut sonuglarimizdan yliksek oldugu tespit edilmistir.

Tablo 1. Keten (Linum usitatissimum L.) gesitlerine ait yag orani ve yag asitleri degerleri

Cesit m::;gn Ham yag a-!_inolenik Linoleik asit Oleik asit Stearik asit ~ Palmitik asit
@ orani (%) asit (C18.3) (C18.2) (C18.1) (C18.0) (C16.0)
Verne 1,43 24.3 50.63 15.77 22.21 473 6.63
Mcduff 1,89 30.8 48.15 17.47 2133 5.69 7.35
Clark 2.12 39 42.79 18.36 27.58 521 6.05
Bison 1.28 216 39.02 19.48 31.30 453 5.64
Zoltan 0.97 19.2 47.99 14.22 23.67 6.53 7.57
Clli1523 1.67 21.8 50.12 12.33 26.47 4.80 6.25
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Sekil 1. GC-FID ile elde edilen keten ¢esitlerinin yag asitleri kromatogramlari; (A) Verne, (B)
McDuff, (C) Clark, (D) Bison, (E) Zoltan (F) Clli 1523

3.3 Temel bilesenler analizi (PCA) ve 1s1 haritas1 yardimiyla keten cesitlerinin yag verimi

ve yag asidi kompozisyonlari

Temel bilesenler analizi (PCA) analizi sonuclarina gore, analize dahil edilen 13
degiskenin Eigen degeri 1'den biiyiik olan {i¢ faktdr altinda toplandigi goriilmektedir. Onemli
olarak belirlenen faktorlerden birinci faktéor (PC: Eigen degeri: 3,507) yag asidi
kompozisyonundaki toplam degisimin %50,1'ini, ikinci faktér (PC2 Eigen degeri: 1,881) ise
%26,9'unu aciklamaktadir (Sekil 2). Bu iki faktor toplam degisimin %77'sini agiklamaktadir.
Bu kadar yiikksek bir agiklama orani, yag asidi Dbilesenlerinin c¢esitlere gore
farklilastirilabilecegini gostermektedir. Mevcut bulgularimizda en yiiksek yag verimi Clark ve
Mcduft ¢esitlerinde elde edilmistir. PCA analizine ek olarak; 1s1 haritas1 yardimiyla yapilan
kiimeleme sonuclarina gore iki ana kiime gozlenmistir (Sekil 3). Cesitlerin degerlendirilmesine
gore; Verne, McDulff, Bison, Zoltan ve Clli 1523 ayn1 kiimede yer alirken, Clark ¢esidi ise ayr1
bir grupta toplanmistir. Ayrica, yag asidi bilesenlerinin degerlendirilmesinde; oleik asit, linoleik
asit ve ham yag icerigi ayn1 grupta yer alirken yag miktari, a-linolenik asit, stearik asit ve

palmitik asit gibi parametreler de ayn1 grupta toplanmustir.
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Sekil 2. Keten (Linum usitatissimum L.) ¢esitlerinde yag ve yag asitlerinde temel bilesenler
analizi [Principal Component Analysis (PCA)]
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Sekil 3. Keten (Linum usitatissimum L.) ¢esitlerinde yag ve yag asitlerine ait 1s1 haritasi
(heatmap clustering)
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4. SONUCLAR

Keten tohumu yag asitleri, organik asitler, diyet lifi, protein, fenolik bilesikler ve
flavonoidler agisindan zengindir. Keten bitkisinin 6neminin ve {iretiminin arttirilmast igin
bolgeye uygun yag ozelliklerine sahip keten ¢esitlerinin secilmesi, bitkisel yag ithalat¢isi olan
iilkemiz i¢in pazarlarin ¢esitlendirilmesi ve ¢ift¢iye verilecek {iriin yelpazesinin arttirilmasi
acisindan onem arz etmektedir. Pek ¢ok calismada acikea bildirildigi tizere; bu ¢alismada da
baz1 keten tohumu (Linum usitatissimum L.) ¢esitlerinde yag asidi profili karsilagtirilmistir.
Elde edilen sonuclara gore, yag miktar1 (g) ve ham yag orani (%) en yiiksek olan keten cesidi
Clark, en diisiik olan ise Zoltan olarak bulunmustur. Ayrica, keten tohumunda baskin yag asidi
a-linolenik asittir. Buna bagli olarak ¢esitlerde a-linolenik en yiiksek oran Verne ve en diisiik
ise Bison’da bulunmustur. Keten tohumu yagindaki yiiksek ¢oklu doymamis yag asitleri
yaglarin oksidatif stabilitesini azaltmaktadir. Bununla birlikte, yiiksek ¢oklu doymamis yag

asitleri, keten tohumu yaginin yemeklik yag olarak kullanimin1 kisitlamaktadir.
TesekKiir:

Tiim analizler i¢in Igdir Universitesi Arastirma Laboratuvar1 Uygulama ve Arastirma
Merkezi'ne (ALUM) ve Serkan Topal'a tesekkiir ederim. Ayrica caligmalarim sirasinda
gosterdigi sabir i¢in sevgili esim Semra Kocgak'a tesekkiir ederim.
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OZET

Bitki doku kiiltiirii ¢aligmalarinda aktif komiir (AC) uygulamast hiicre biiyiimesini ve gelisimini iyilestirmek i¢in
siklikla kullanilir. Mikrogogaltimda siirgiin sayisi, siirgiin uzamasi, kéklenme, tohum ¢imlenmesi, Somatik
embryogenesis, anter kiiltiirli, sentetik tohum olugumu vs. gibi durumlarda kritik rol oynamaktadir. Bu ¢alismada
ugucu yag ozellikleri bakimindan 6ne ¢ikan Lavandula x intermedia var. Super A, Lavandula angustifolia var.
Druzhba, Lavandula angustifolia f. Sevtopolis ve Lavandula angustifolia Yubileina. gesitlerinin In vitro mikro
¢ogaltimi lizerine aktif komiiriin etkisine bakilmistir. Lavanta ¢esitlerinin in vitro mikrogogaltiminda aktif komiir
uygulamasini lavanta cesitlerinin siirgiin gelisimi ve siirgiin sayisi iizerine negatif yonde etki ettigi eksplant basina
olusan siirgiin sayisinda biitiin ¢esitlerde diisiislere neden oldugu ancak siirgiin uzunlugu tizerine olumlu etki
yaptigi belirlenmistir.

Anahtar Kelimeler: Lavanta; Aktif Kémiir; In vitro; Siirgiin Sayisi; Stirgiin Uzunlugu

(1) Makale, Yiikseklisans Tezinden Uretilmistir

The Effect of Activated Charcoal Application on The Propagation of Some

Lavender Cultivars by In Vitro Tissue Culture
ABSTRACT

Activated charcoal application is frequently used in plant tissue culture studies to improve cell growth and
development.Activated carbon plays a critical role in micropropagation, number of shoots, shoot elongation,
rooting, seed germination, Somatic embryogenesis, anther culture, synthetic seed formation etc.In this study, the
effect of activated charcoal on in vitro micropropagation of Lavandula x intermedia var. Super A, Lavandula

Angustifolia var. Druzhba, Lavandula angustifolia f. Sevtopolis and Lavandula angustifolia Yubileina, which
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stand out in terms of essential oil properties, was examined. Activated charcoal application in in vitro
micropropagation of Lavender cultivars had a negative effect on shoot growth and shoot number of Lavender
cultivars. It caused a decrease in the number of shoots formed per explant in all varieties, but it was determined
that it had a positive effect on shoot length.

Keywords: Lavender; Activated Charcoal; In vitro; Shoot Number; Shoot Length
1. GIRIS

Esansiyel yag bitkisi bakimindan diinyada en yaygin iiretimi yapilan 20 bitki arasinda 6n
siralarda yer alan lavantanin her gegen giin degeri artmaktadir. Lavantanin siis bitkisi ve
peyzajda kullanimin yanisira en gelir getirici kullanim alani ise esansiyel yag tiretimide
kullanilmasidir (Upson ve Andrews, 2004a; Adam, 2006; Demasi ve ark., 2018). Ozellikle
lavanta yetistiriciligi ve yag tiretiminde 6zellikle Diinyada Fransa en fazla iiretim yaparken son
yillarda Bulgaristanda da lavanta yetistiriciligi ve yag liretiminde 6nemli ilerlemeler yaparak
birinciligi ele almistir. Daha ¢ok geleneksel yontemlerle iiretim yapan Fransanin yerine
Bulgaristan daha ¢ok modern teknikleri tercih etmektedir (Andrade ve ark., 1999; Adam, 2006).
Giintimiizde lavanta piyasasini daha ¢ok Bulgaristan elinde bulundurmaktadir (Giray, 2018).

Ayrica akdeniz iilkeleri arasinda yer alan Italya, Fasve Ispanya’da da énemli diizeyde iiretim

yapilmaktadir.

Her yil basta kozmetik ve parfiim sanayisinde parfiim, kolonya, deterjan, sabun, losyon,
sivi temizleyiciler ve kozmetik esyalarin yapiminda kullanilmak {izere yaklagik olarak 1500
tonun iizerinde Diinyada lavanta (Lavandula spp.) cigeklerinden yag elde edilmektedir.
Giintimiizde 100 bin hektarin {izerinde bir tarim alanma sahip lavanta iiretiminde en fazla
lavandin (L. x intermedia Emerice x Loisel.) ve lavander (L. angustifolia Mill.) tiirlerine giren
cesitlerin tarimi1 yapilmakta ve her gecen giin bu alan artmaktadir (Baydar ve Erbas, 2007,
Gongalves ve Romano, 2013; Biato ve ark., 2019).

Tiirkiye de 2012 yilina kadar % 97°lik bir payla neredeyse sadece Isparta ilinde lavanta
tiretimi yapilir iken 2018 yilinda bu oran % 51,44’e gerilemistir. Ancak Ispata ilinde lavanta
iretiminde istatistiki olarak goriilen bu azalis Ispartal lavanta iiretiminin azaladigi veya
artmadigindan kaynaklanmiyor. Goriilen bu istatistiksel olarak diisiis lavantaya olan taleple
birlikte Tirkiye’nin diger illerinde de ciddi bir lavanta iretiminin gergeklesmesinden
kaynaklaniyor. Yani Tiirkiye lavanta tiretimindeki artis Isparta ilindeki iiretimden daha fazla
olmustur. Gerek Isparta ve gerekse tiirkiyenin diger illerinde lavanta dikili alan ve iiretim
miktar1 stirekli bir artis icerisindedir. Isparta’daki iiretimin biiyilk kismi1 halen Kegiborlu

ilcesinde ozellikle Kuyucak koylinde yapilmaktadir. Lavanta diyari olarak bilinen kdyiiniin
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taninmasi ve lavanta tiretimindeki 6neminin bilinmesiyle Tirkiye’nin her yerinde lavanta
tiretimine olan ilgi artmistir. Bu durum lavanta tiretimine onciiliik eden Isparta ilinde lavanta

fidesi yetistiriciligi ve ticaretini de artirmistir.

Diinya iizerinde ¢ok ciddi bir kullanim alan1 ve Pazar agig1 bulunan lavanta tiretiminde
Tiirkiye de her ne kadar son yillarda ciddi bir artis olsa da lavanta tarimi lilkemizde yeteri
miktarda yayginlasamamustir. Ozellikle son yillarda ciddi destekler ile lavanta tarimimin
gelismesi ve yayginlasmasi i¢in ug@raslar verilmis olsa da talebi karsilayamadigi ithal
rakamlariyla agik¢a ortaya konmustur. Lavanta iiretimi bakimindan ¢ok iyi ekolojik kosullara
sahip Tiirkiye de lavanta tesviginin ciddi sekilde arttirilmasit ve fide iiretim talebinin

karsilanmasi gerekmektedir (Balyemez, 2014).

Yukarida belrtildigi gibi ugucu bir yag bitkisi olan lavantanin diinyada siirekli artan
poptilerligi lilkemizde ciddi anlamda goriilmektedir. Bu popiilerlik ve yeni tarim alanlarinin
lavanta iretimine ayrilmasyla birlikte lavanta fidesine olan ilgi ve talepte her gegen giin
artmaktadir. Bu talep daha ¢ok ekonomik 6zellikleri bakimindan 6ne ¢ikan ticari degeri yiiksek
olan tiirlere olmaktadir. Bu gesitlerdeki talebin hizli bir sekilde karsilanmas1 gerekmektedir. Bu
talebin hizli bir sekilde karsilanabilmesi igin seri ve hizli bir ¢ogaltim protokoliiniin
gelistirilmesi gerekmektedir. Gilinlimiizde en hizli ¢ogaltim teknigi arasinda mikrogogaltim
bulunmaktadir. Mikrogogaltim bitki genetigi ve yetistiriciligi icin 6nemli bir avantaj
saglamaktadir. Mikrogogaltim alisilagelmis ¢ogaltma yontemlerden daha kisa kiiltiir siiresine
gerek duyulmasi ve ¢ogaltimi zor olan tiirlerin daha kolay tiretiminde 6nemli rol oynamaktadir.
Bir diger avantaj ise secilen belirli ve Ustlin ¢esitlerin liretimi daha kisa siirede ve daha fazla

bitkinin elde edilebilmesidir (Mansuroglu ve Giirel, 2001; Dilik, 2006).

Gilinimiizde geleneksel yontemlerle daha ¢ok tohum ve gelik ile tiretimi yapilan lavanta
tiirleri bu ¢ogaltim yontemleri ile bu talebi karsilayacak durumda degildir. Ozellikle tohum
cogaltiminda agilimin olmas1 ve ¢esit 6zelliginin korunamamasi tohum ile {iretimini pasivize
etmektedir. Ayrica geliklerde goriilen diisiik koklenme yiiziinden bu talebi karsilamada ciddi
sorunlar yasanmaktadir. Bu arastirmanin amaci ticari agidan 6ne ¢ikmis 6zellikleri belirlenmis
olan 4 farkli lavanta Lavandula angustifolia var. Druzhba, Lavandula x intermedia var. Super
A, Lavandula angustifolia var. Yubileina ve Lavandula angustifolia f. Sevtopolis ¢esitinin in

vitro doku kiiltiirii ile cogaltimi {izerine aktif komiir uygulamasinin etkisi aragtirilmisgtir.
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2. MATERYAL VE YONTEM

2.1. Materyal

Bu arastirma, 2018 — 2020 yillar1 arasinda Sirnak Universitesi Ziraat Fakiiltesi Bahge
Bitkileri Boliimii laboratuvarinda yiiriitiilmiistiir. Calismada ugucu yag 6zellikleri bakimindan
one ¢ikan, ticari a¢idan 6nemli olan 4 farkli lavanta Lavandula angustifolia var. Druzhba,
Lavandula x intermedia var. Super A, Lavandula angustifolia var. Yubileina ve Lavandula

angustifolia f. Sevtopolis ¢esidi kullanilmustir.
2.2. Yontem

Calisma daha once Ispartadan getirilen ve Sirnak Universitesi Ziraat Fakiiltesi arastirma
alanina dikilen lavantalardan alinan yesil gelikler yiizeysel sterilizasyon igin 30 sn boyunca %
70 etil alkol (EtOH) ile muamele edildikten sonra sonrasaf su ile durulanmiglardir. Daha sonra
litreye 10 damla Tween-20 igeren %20’lik ticari ¢amasir suyunda (sodyum hipoklorit)
soliisyonla icerisinde 15 dakika bekletilmistir. On bes dakikanin sonunda 3 kez steril saf su ile
durulanmistir. Eksplantler icerisinde 1.0 mg L™ Benzyladenine (BA) + 0.01 mg L Indole-3-
Butyric Acid + 20 g L sukroz igeren ve 5.5 g L' agar ile jellestirilmis NRM (Nas ve Read,
2004) 25 x 150 mm’lik cam tiiplere iki bogum olacak sekilde kesilip ortam {izerine kiiltiire
alinmislardir. Kiiltiire alinan bitkiler 23 + 2 °C sicakliga sahip iklim odasinda 16/8 1s1k/karanlik
fotoperiyot altinda biiyliimeye birakilmislardir.

Lavanta mikrosiirgiinlerininin vitro kosullarda en iyi sekilde elde edilmesi igin en iyi aktif
komiir konsantrasyonunu belirlemek amaciyla dordiincii alt kiiltiiriin sonunda herhangi bir
mikrobiyal bulasma gostermeyen eksplantlar 0.0, 250, 500 ve 750 mg L aktif komiir iceren 1
mgL'BAve0.01mgL'IBA +5.5gL" agariceren NRM ortamu iizerinde alt kiiltiire alinmustir.
Bir ayin sonunda ekpslant bagina olusan siirgiin sayis1 ve siirgiin uzunlugu hesaplanmis ve elde
edilen veriler JMP prol6 Istatistik Analiz Programmda (SAS Institutelnc., Cary N.C.)

degerlendirilmistir.

3. BULGULAR VE TARTISMA

In vitro mikrocogaltim asamasinda aktif komiiriin lavanta mikro siirgiinlerinin siirgiin
gelisimi iizerine etkisine bakildiginda siirgiin sayisinin {iretimi bakimindan ¢esidin etkisi ¢ok
p<0.001 diizeyinde ¢ok Onemli bulunmustur. Cesitlerin siirgiin sayisi olusturma egilimleri
birbirinden farkli ¢ikmistir. Ayni sekilde Aktif Komiir, Cesit*Tekerriir ve Cesit* Aktif

komir*Tekerriir interaksiyonlarinin etkisi her ne kadar ¢esit kadar 6nemli ¢ikmasa da istatistiki
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olarak p<0.005 diizeyinde 6nemli bulunmustur. Ancak Cesit* Aktif Komiir interaksiyonu,
Tekerriir ve Aktif komiir*Tekerriir interaksiyonunun etkisi istatiki olarak Onemli
bulunmamaistir (Tablo 1).

Tablo 1. Cesit, aktif komiir konsantrasyonun siirgiin sayis1 tizerine etkisinin varyans (GLM) analizi

Varyasyon Kaynagi SD KT F

Cesit 3 28,85938 5,3304**
Aktif komiir 3 100,54687 18,5714***
CST*Aktif komiir 9 23,83854 1,4677°P
Tekerriir 1 9,86E-32 QoD
Cesit*Tekerriir 3 32,78125 6,0548**
Aktif komiir*Tekerrtir 3 1,09375 0,2020P
Cesit*Aktif komiir*Tekerriir 9 76,5 4,71**

##%p<(.001 seviyesinde dnemli **p<0.005 seviyesinde énemli OD: énemli degil

Aktif komiiriin eksplant basina olusan siirgilin sayisi bakimindan incelendiginde Cesidin
etkisi negatif yonde etkisi 6nemli bulunmustur (p<0.005). Sirasiyla Lavandula angustifolia f.
Sevtopolis, Lavandula intermedia var. Super A, ile Lavandula intermedia var. Druzhba ve
Lavandula angustifolia Yubileina ¢esitlerinde eksplant basina olusan siirgiin sayis1 3.58+2,
2.84+0,5, 2.57+0,02 ve 1,48+1.01 cm olarak OSlgiilmiistiir. Biitiin ¢esitlerde aktif komiir
uygulamasininin kontrol grubuna gore eksplant basina ortalama siirgiin sayisini diisiirdiigt
kaydedilmistir. Benzer sonuglar Lavandula angustifolia Mill. tizerinde yapilan bir ¢alismada
aktif komiiriin siirglin sayisin1 azalttigi bildirilmistir (Hamza ve ark., 2011; Miclea ve ark.,
2020) (Sekil 1).
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Sekil 1. Druzhba, Sevtopolis, Super A, ve Yubileina lavanta ¢esitlerinin ortalama siirgiin sayisi.

Komiir konsanrasyonun siirgiin sayisinin olusumuna etkisine bakildiginda siirgiin sayisi
bakimindan komiir konsantrasyonlart ¢ok Onemli ¢ikmistir (p<0.001). Komiir
konsantrasyonunun artistyla birlikte biitiin ¢esitlerin siirgiin sayis1 {iretiminde diisme
gozlenmistir. Aktif komiir konsantrasyonu bakimindan eksplant basina meydana gelen
ortalama siirgiin sayis1 bakimindan en iyi sonug 10.10 siirgiin ile aktif komiir igermeyen kontrol
ortami {izerinde gdzlenmistir. Daha sonra sirastyla 3.95 ile 250 mg L™ aktif komiir, 1,79 siirgiin
ile 500 mg L aktif komiir ve 1.5 siirgiin ile 750 mg L™ aktif komiir igeren ortam iizerinde
gozlenmistir (Sekil 2). Genel olarak lavanta mikrosiirgiinlerinde eksplant basina olusan siirgiin
sayisi iizerine aktif komiir uygulamasina baktigimizda biitiin konsantrasyonlarin negatif etki
ettigini sdyleyebiliriz. Siirgiin sayist bakimindan aktif komiir icermeyen kontrol grubunun

kullanilmas1 daha iyi sonug¢ vermistir.

12
a
= 10
c
o
2 8
(]
=
(%]
2 6
>
= b
S 4
g
A ) C C
0 T -
Kontrol 250mg 500mg 750mg
Aktif Kbmir mg/L

Sekil 2. Aktif komiir konsantrasyonuna bagli olarak bir eksplantten meydana gelen ortalama siirgiin
sayisl.
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Aktif komiir uygulamasinin siirgin uzunluguna etkisi incelendiginde gesitler arasinda
p<0.001 diizeyinde ¢ok 6nemli fark oldugu gozlenirken, aktif komiir uygulamasinin siirgiin
uzunlugu iizerine etkisi p<0.005 diizeyinde 6nemli bulunmustur. Cesit* Aktif komiir, Tekerrtir,
Cesit*Tekerriir, Aktif kdmiir* Tekerriir ve Cesit* Aktif Komiir* Tekerriir Interaksiyonun siirgiin
uzunlugu {izerine etkisi dnemsiz bulunmustur (Tablo 2).

Tablo 2. Cesit, aktif komiir konsantrasyonunun siirgiin uzunlugu iizerine etkisinin varyans analizi

Varyasyon Kaynagi SD KT F

Cesit 3 27,24056 5,8137***
Aktif kdmiir 3 8,777018 1,8732**
Cesit* Aktif komiir 9 27,10970 1,92860P
Tekerriir 1 0,564453 0,3614°P
Cesit*Tekerriir 3 3,111328 0,664°P
Aktif komiir* Tekerriir 3 5,802734 1,2384%P
Cesit* Aktif komiir* Tekerriir 9 5,021484 0,35726P

##%n<(.001 seviyesinde dnemli **p<0.005 seviyesinde énemli OD: dnemli degil

Aktif komiir uygulamasina bagli olarak eksplant basina olusan siirgiin uzunlugu
incelendiginde siirgiin uzunlugu Lavandula angustifolia f. Sevtopolis, Lavandula intermedia
var. Super A, ile Lavandula intermedia var. Druzhba ve Lavandula angustifolia Yubileina da

sirastyla 3.58 cm, 2.84 cm, 2.78 cm ve 1,48 cm olarak kaydedilmistir (Sekil 3).
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Sekil 3. Aktif komiir uygulamasinda lavanta g¢esitlerindeeksplant basina olusan siirgiinlerin ortalama
uzunluklar1 (cm).

Siirglin uzunluklar {izerine aktif komiir konsantrasyonlar1 bakimindan bakildiginda
kontrol gurubuna goére aktif komiir konsantrasyonunun etkisi p<0.005 diizeyinde 6nemli
bulunmustur. Eksplant basina olusan siirgiinlerin ortalama uzunluklar1 incelendiginde en iyi
sonug 3.19 cm ile 750 mg L aktifkdmiir igeren NRM ortaminda kaydedilmistir. Bu durum

diisiik olan siirgiin sayisindan kaynaklanabilecegi diisiiniilmiistiir. Daha sonra sirasiyla 2.80 cm
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ile 500 mg L aktif komiir, 2.68 cm ile 250 mg L aktif komiir ve 2.01 cm ile aktif komiir
icermeyen ortam izlemistir (Sekil 4). Siirgiin sayisi bakimindan aktif komiir konsntrasyonu
negatif etki yaparken siirglin uzunlugu bakimindan konsantrasyonun artisina bagli olarak

pozitif etki yapmustir.

b
ab ab
a I I
50 500 750

Kontrol 2

4

w
w un

N
[0

Siirgiin Uzunlugu(cm)

o

Aktif Komiir (mg/L)

Sekil 4. Lavanta cesitlerinde aktif komiir’e bagli olarak meydana gelen siirgiinlerin ortalama uzunluklart
(cm)

4. SONUC

Diinya ve Tiirkiye de Lavanta liretimine olan talep giinden giine artig gostermektedir. Bu
artisin  karsilanabilmesi i¢in ticari degeri Onemli olan ¢esitlerin hizli bir sekilde
cogaltilabilmeleri gerekmektedir. Bu agidan giiniimiizde vegetatif olarak en hizli bitkisel
cogaltim yontemi olan Mikrogogaltim tekniklerinde kullanilan ortamlarin cesitler bazinda
giiclendirilmesi desteklenmesi gerekmektedir. Bu ¢alismada ticaridzellikleri bakimindan en
fazla talep edilen ¢esitlerin basinda gelen 4 farkli lavanta ¢esitinin (Lavandula angustifolia f.
Sevtopolis, Lavandula intermedia var. Super A, ile Lavandula intermedia var. Druzhba ve
Lavandula angustifolia Yubileina ve Lavandula angustifolia f. Sevtopolis) mikrogogaltim
protokoliiniin aktif komiir kullanilarak gelistirilmesi amaglanmustir. Yapilan ¢alisma sonucunda
Aktif Komiir uygulamasinin ekspalnt basina elde edilen siirgiin sayisin1 beklenenin aksine
distirdiigli ancak elde edilen siirgiin lerde siirgiin uzunlugunu Onemli derece arttirdigi

gozlenmistir.
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OZET

Aragtirmada; Gaziantep bolgesi bag alanlarinda iyi tarim uygulamalari (ITU) sertifikasi olan ¢iftgilerin demografik
yapilari, bilgi seviyelerinin tespiti ve bunlar arasindaki iligskinin incelenmesi amaglanmistir. Arastirma igin
hazirlanan ankette 65 katilimcinin bilgileri saglanmis ve tamimlayici istatistikler frekans, %, ortalama, standart
sapma degerleri ile verilmistir. Bilgi seviyesinin tespitinde kullanilan 6lgek icin KR21 giivenilirlik katsayisi hesap
edilmistir. Aragtirmada gruplarin bilgi seviyelerinin katilimcilarin karakterlerine gore farkliliginin irdelenmesi igin
Mann Whitney U testi ve Kruskal Wallis testinden yararlanilmistir. Ureticilerin bilgi seviyeleri ve zirai yapilari
arasindaki iliski, korelasyon ve regresyon analizi ile belirlenmistir. Analiz sonuglari; tarim ile ugras1 yili diisiik,
bag sahasi yiiksek ve yillik mahsul miktar1 daha fazla olan katilimcilarda ITU bilgi seviyesinin daha yiiksek
oldugunu géstermistir. Bagcilikta deneyimi diisiik olup egitim seviyesi lise ve lise iistii iireticilerin, ITU
hususundaki bilgi seviyelerinin en yiiksek grup oldugu tespit edilmistir. Anket ¢er¢evesinde katilimcilarin bilgi
seviyelerinin irdelenmesine déniik yoneltilen "ITU yonetmeligi cercevesinde elde edilen gidanin kimyasal kalint:
testleri yilda bir defa yapilir.", "Isci sagligi ve is giivenligi, ITU standardinin denetim noktalar1 arasinda
bulunmaz." ile "ITU iiretim sisteminde, kalinti analizi sonucunda izin verilen limit iisti etken madde ile
karsilagilmasi hali birtakim mahsuller igin ihmal edilebilir.”" ifadeleri bilgi seviyesi en diisiik ifadeler olarak ortaya
konulmustur. Sonug olarak bu ifadelere doniik olarak diizenlenecek egitim galismalarmin, katilimeilarin genel iTU

bilgi seviyelerini miispet yonde yiikseltecegi sdylenebilir.

Anahtar Kelimeler: Bag; Uretici; Iyi Tarim Uygulamalar1; Gaziantep

(1) Makale, Yiiksek Lisans Tezinden tiretilmistir
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Investigation Of The Knowledge Producers’ Level About Good Agricultural
Practices (GAP) in Gaziantep Region Vineyards

ABSTRACT

The research aimed to determine the demographic structures and knowledge levels of the farmers who have good
agricultural practices (GAP) in vineyard areas of Gaziantep region and to examine the relationship between them.
In the questionnaire prepared for the research, 65 participants were provided, and descriptive statistics were given
with frequency, percentage, mean, and standard deviation. The KR21 reliability coefficient was calculated for the
scale used in determining the knowledge level. In the study, the Mann Whitney U test and the Kruskal Wallis test
were used to examine the differences in the knowledge levels of the groups according to the characteristics of the
participants. The relationship between the knowledge levels of the producers and their agricultural structure was
determined by correlation and regression analysis. The analysis results showed that the farmers with low years of
experience in agriculture, high vineyard areas, and higher yields had higher levels of GAP knowledge. It was
determined that farmers with low experience in viticulture and high scoool and high education levels had the
highest level of knowledge on GAP. The statements ‘Chemical residue tests of the food obtained within the
framework of the GAP regulation are carried out once a year", ‘Occupational health and safety is not among the
control points of the GAP standart and ‘In the GAP production system, the situation of encountering the active
substance above the permitted limit as a result of residue analysis can be neglected for some crops’ were
determined as the statements with the lowest level of knowledge. As a result, it can be said that the training
activities to be organised for these statements will positively increase the general GAP knowledge levels of the

participants.

Keywords: Vineyard; Producer; Good Agricultural Practices; Gaziantep
1. GIRIS

Diinya’da; kuzey yarimkiirede 30-50°, giiney yarimkiirede 30-40° enlem dereceleri
arasinda yogun bir sekilde yetistirilen asma (Vitis vinifera ssp. sativa), Vitis cinsine dahil en
onemli tiir olup, yeryliziinde yetistirilen iiziim cesitlerinin biiylik bir kismin1 teskil etmektedir.
Bundan dolay1 bagciligin diinyada ve Tiirkiye’de insan sagligina ve istihdama olan katkist
biiyiik 6nem arz etmektedir (Yilmaz ve Topgu, 2018; Unal, 2022). Yine bircok mahsuliin
anavatani olarak kabul edilen Anadolu’da bagcilik, bir¢ok yoniiyle arastirilmasi ve incelemesi
yapilmis ve halen yapilmakta olan bir ugras alanidir (Agaoglu, 1999; Yilmaz ve Topgu, 2018).
Arastirmanin yapildig1 bolge olan Gaziantep ili ise gelirinin % 40’nm1 tarimdan, % 25’ni
endistriden temin eder ve faal niifusun % 60’1 zirai bir alisveris merkezi konumundadir.
Ulkemiz {iziim iiretimi, TUIK (2022) y1l1 verilerini dikkate aldigimizda 4 165 000 ton olmus ve
bunun % 3’1 Gaziantep bolgesinden temin edilmistir. 2 099 859 ton olan taze tiikketim tiziim
tiretimimizin % 4’4 bu yoreden temin edilmistir (Anonim 2023a,b,c,d,e). Yine 2020 yili

verilerine gore Gaziantep yoresinde ITU sertifikasina sahip iiretici sinifi ve miitesebbis sayilari
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2475, ITU iiretim sahasi 286 797 da ve ITU iiretim miktar1 yaklasik 83 774 ton olarak
belirlenmistir (Anonim, 2023f). Bilhassa 2. Diinya savasindan sonra gelisen tilkeler yiikselen
gida talebine karsilik vermek i¢in verimi artirmaya doniik uygulamalar gelistirmis, bunun
sonucunda suursuzca ve yogun olarak girdi kullanilmis, bunlara hatali toprak isleme ve makine
kullanim1 da eklendiginde bazi ¢evresel sorunlarla karsilasilmigtir. Ancak yesil devrim olarak
adlandirilan bu politikalar, ekolojik denge ve hijyen iizerinde bazi istenmeyen gelismelere
sebep olmustur. Sonug olarak uygulanan zirai tekniklerin, yalniz iiretim miktarlarinda olan
artisla degerlendirilemeyecegi, yine c¢evre sagligma tesirlerinin de irdelenmesi gerektigini
gostermistir. Boylece zirai tiretim periyodunun kontrollii olmasi gerektiginin anlagilmasi ile
yeni tarim yontemleri gelistirme yollar1 giindeme gelmistir (Oner Aba ve Isin, 2014; Dogan,
2017; Alemdar, 2019; GLOBALGAP, 2023).

Tarim ve Orman Bakanlhiginca iTU’nun gayesi, ‘Canli saghgina zararli olmayan zirai
tiretim, tabii kaynaklarin muhafazasi, tarimda izlenebilirlik ve siirdiiriilebilirlikle piyasaya iiriin
siirmek icin yapilacak ITU’nun yontem ve maddelerini tanzim etmektir.” seklinde ifade
edilmektedir (Anonim, 2023g).

ITU sertifikali mahsul, tiim pazarlarda segimin sebebidir. Mahsuliin nitelik, giivenirlik
ve izlenebilirligi hakkinda yeteri seviyede bilgi elde etmek, ayni rekabet sartlarinda stipheleri
gidermeye yardimci olacaktir (Akkoyun, 2019; Alemdar, 2019; CTR, 2023; Anonim, 20239).
Bu arastirmada; Gaziantep bélgesi iiziim yetistiriciligi ile ugrasan ITU sertifikasi olan
tireticilerin niifus yapisi ve bilgi seviyelerinin tespiti ile bunlar arasinda olan ilginin
incelenmesi, bu inceleme sonunda ITU bilgi seviyelerinin genel ve zirai yapilarma gore
siniflandirilmasi, bilgi seviyesini etkileyen degiskenlerin ve bilgi seviyelerinin yetersiz oldugu

hususlarin belirlenmesi hedef alinmistir.

2. MATERYAL VE YONTEM

2.1. Materyal

Arastirmanin temel materyali, Gaziantep ydresi iiziim yetistiriciligi ITU uygulamalar
sertifikasina sahip ireticiler ve/veya isletmelerle anket metoduyla saglanan veriler teskil
etmistir. Yine ¢alismaya dair daha evvel yapilan ulusal ve uluslararasi ¢alismalardan saglanan
verilerse ikinci seviye materyali olarak degerlendirmeye alinmistir.
2.2. Yontem

Calisma; Gaziantep yoresinde bag alaninda ITU sertifikasi1 olan katilimcilarla yiiz yiize
anket yapilarak yiiriitiilmiis; s6z konusu liste, Gaziantep Tarim ve Orman il Miidiirliigii’nden

temin edilmistir. Calismada anket ¢alismalar1 tam sayimla yiiriitiilmiistiir. Sonucta, 65 {iretici
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ile anket yapilarak bilgi derlemesine gidilmistir.

Arastirma, iki kisitmdan olusmus olup, 1. kisimda, katilimcilarin sosyo demografik
ozellikleri, 2. kisim da ise ITU hakkinda bilgi verilmistir. Olgek, ITU uygulamalari normlarinin
ana maddeleri goz 6niinde bulundurularak her bir norma tekabiil edecek bir test niteligindeki
sorularda yer almaktadir. Test niteligindeki sorular; genel bilgi, ilag atimi, kalinti, is¢ilerin
saglik durumu ve giivenligi, atik yonetimi, kontrol ve mahsuliin pazarlanmasiyla alakadar
stiregleri icermektedir. Frekans, ylizde (%) gibi tanimlayic istatistikler takdim edilmis, bilgi
seviyesinin tespitinde degerlendirilen 6lgekler igcin KR21 giivenirlik katsayis1 hesap edilmistir.
Yapilan incelemede olusturulan siniflarin bilgi seviyelerinin, ankete katilanlarin karakterlerine
gore degisikligin irdelenmesi i¢gin Man Whitney U testi ve Kruskal Walls testleri ele alinmistir.
Bilgi seviyelerinin zirai 6zelliklerle baglantilarinin irdelenmesi icin korelasyon ve regresyon
analizleri uygulanmistir. Arastirmada % 5'ten kii¢iik p verileri istatistiki bakimindan énemli
goriilmiis (0=0.05), analizler SPSS 25.0 paket programi kullanilarak gerceklestirilmistir.
Arastirmada asagidaki hipotezler olusturulmustur;

HI1: Ankete katilanlarin yas agisindan bilgi seviyeleri arasindaki farklilik 6nemli degildir.

H2: Ankete katilanlarin cinsiyet acisindan bilgi seviyeleri arasindaki farklilik 6nemli degildir.

H3: Ankete katilanlarin bagcilikla ilgili geliri acisindan bilgi seviyeleri arasindaki farklilik
onemli degildir.

H4: Ankete katilanlarin egitimleri agisindan bilgi seviyeleri arasindaki farklilik 6nemli degildir.
HS5: Ankete katilanlarin yillik gelirleri agisindan bilgi seviyeleri arasindaki farklilik onemli
degildir.

H6: Ankete katilanlarin tarim dis1 gelirleri agisindan bilgi seviyeleri arasindaki farklilik 6nemli
degildir.

H7: Ankete katilanlarin tarim dis1 gelir seviyesi acisindan bilgi seviyeleri arasindaki farklilik
onemli degildir.

HS: Ankete katilanlarin ITU uygulamalarini secim sebebi agisindan bilgi seviyeleri arasindaki
farklilik 6nemli degildir.

H9: Ankete katilanlarin tarimla ugrasi yili agisindan bilgi seviyeleri arasindaki farklilik dnemli
degildir.

H10: Ankete katilanlarin bagcilikla ugras1 yili agisindan bilgi seviyeleri arasindaki farklilik
onemli degildir.

H11: Ankete katilanlarin ITU yapma yil1 agisindan bilgi seviyeleri arasindaki farklilik nemli
degildir.

HI12: Ankete katilanlarin bag sahasi acisindan bilgi seviyeleri arasindaki farklilik 6nemli

44



Sirnak University Journal Of Sciences 4(1):41-52 (2023) http://dergipark.gov.tr/sufbd

degildir.
H13: Ankete katilanlarin elde ettikleri yillik mahsul miktari agisindan bilgi seviyeleri arasindaki

farklilik 6nemli degildir.

3. BULGULAR VE TARTISMA
3.1. Katihmda bulunanlarin niifus yapisi

Uziim yetistiriciliginde ITU’ya katilanlarin % 38.8°nin 4-50 yas, % 33.8°nin 5-60 yas, %
35.4%inse 61 yas ve istii oldugu, % 95.4’niin bay, % 4.6’nin bayan oldugu tespit edilmistir.
Alemdar (2019), yiriittiigii bir arastirmada katilimcilarin % 21.3’niin 40 yas ve alt1, % 26.3’niin
41-50 yas, % 52.4’niin 51 yas ve {stii oldugunu; Akkoyun (2019)’da yiiriittiigii bir arastirmada
anket sonucuna bakarak tireticilerin yaklasik yasii 54.17 olarak ifade etmistir. Yine bu
calismada ankete katilanlarin % 98.5°nin evlenmis ve ¢ocuklu oldugu goézlenmistir. Tiiccar
(2020)’de vyiiriitttiigii bir calismasinda ITU’ya katilan iireticilerin % 88’nin erkek, % 12°nin
kadm, ITU gergevesi disindaki iireticilerinse % 95°nin erkek, % 5°nin kadin oldugunu; Alemdar
(2019) ise yiiriittiigii arastirmasinda ankete dahil olan {ireticilerin % 88.7’nin erkek, % 11.3’niin
kadinlardan tesekkiil ettigini belirlemistir. Bu c¢alismada yas ve cinsiyete dair verilerden
saglanan bulgularin, 6teki arastirmalardaki sonuglarla biiyiik dl¢lide ayni paralelde olduguna

isaret etmektedir.

Bu ¢aligmada ankete katilanlarin egitim seviyelerinin % 66.1°nin ilkokul, % 15.4’niin
ortaokul, % 18.5’nin lise ve iizeri egitimli oldugu goézlenirken Alemdar (2019) yaptigi
calismada ankete katilanlarin % 47.5nin ilkokul, % 5’nin ortaokul, % 27.5’nin lise, % 20’inse
{iniversite mezunu oldugunu; Tiiccar (2020) ise yiiriittiigii arastirmada ITU gercevesindeki
reticilerin % 24’niin ilk 6gretim, % 67°nin lise, % 7°nin tniversite, % 2’nin yiiksek
lisans/doktora mezunu; ITU kapsami haricindeki iireticilerin % 39°nun ilk 6gretim, % 56 nin

lise, % 5’nin lisans mezunu oldugunu ifade etmistir.

Bagcilikla ilgili gelir seviyesi irdelendiginde ankete katilanlarin % 15.4’niin 100 000 TL
altinda, % 32.3’niin 100 000-200 000 TL, % 29.2’nun 200 000-300 000 TL, % 12.3’niin 300
000-500 000 TL ve % 10.8’nin 500 000 TL iistiinde bir gelire sahip oldugu belirlenmistir. Obiir
zirai gelirler eklendigindeyse 100 000 TL nin altinda geliri olan katilimc1 oraninin % 4.6, 100
000-200 000 TL arasi geliri olan katilimci oraninin % 13.8, 200 000-300 000 TL aras1 geliri
olan katilimc1 oraninin % 46.2, 300 000-500 000 TL aras1 geliri olan katilimc1 oraninin % 15.4,
500 000 TL tizeri geliri olan katilimci oraninin ise % 20 oldugu belirlenmistir. Pilak (2020)’de
yirlittiigl bir ¢alismada ankete katilanlarin % 14.3’niin ¢ok yiiksek gelir sinifinda, % 22.2°nin
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yiiksek gelir sinifinda, % 47.6’nin orta gelir sinifinda, % 15.9’nin de diisiik gelir sinifina dahil
oldugunu; Alemdar (2019) ise yiiriittiigii calismada treticilerin gelir seviyesinin % 36.3 niin
orta seviyede, % 63.7’ninse yiiksek seviyede oldugunu ifade etmistir. Yine arastirmada ankete

katilanlarin % 33.8’nin ziraat harici gelire sahip oldugu gozlenmistir.

Zirai geliri olan ankete katilanlarin % 45.5’nin 100 000 TL altinda, % 22.7’nin 100 000-
200 000 TL, % 18.2’nin 200 000-300 000 TL, % 13.6’nin 300 000-500 000 TL tarim harici
geliri oldugu bildirilmistir.

Ankete katilanlarin ITU uygulamalarin1 segme sebeplerinin % 72.3’yle gelir artimi, %
27.7yle ihracaat oldugu, ankete katilanlarin % 95.8’nin iTU uygulamalarinda yapilan kontrol
ve normlara gére iiretim yaptig1 belirlenmistir. Ankete dahil {ireticilerin tiimiiniin ITU sonrasi
gelir seviyesinde artis oldugu, iTU uygulamalarinda yapilan kontrol ve normlara gore iiretimde
bulundugu, ITU uygulamalar: hususunda tarim teskilatlarinin yeteri seviyede egitim ve yayim

hizmeti yaptiklar1 bildirilmistir.

Ureticilerin yaklasik 32.09 yil tarim ve 17.43 yil iiziim yetistiriciligiyle istigal ettikleri,
3.68 sene ITU yaptiklari; ankete dahil olanlarin bag sahalarmin yaklasik 75 da oldugu ve yillik
yaklagik 141 ton mahsul iirettikleri gozlenmistir. Alemdar (2019)’da yiiriittiigii bir arastirmada;
ankete katilan ureticilerin 100 da ve altinda arazisi olanlarm % 83.7, 101-250 da aras1 arazisi
olanlarin % 13.8, 250 da ve {istii arazisi olanlarin nispetininse % 2. 5 oldugunu, ayrica ankete
katilanlarin ITU ile ugras: siirelerinin % 7-7.5’nin 1-3 y1l, % 20 nin 3-5 yil, % 2.5’nin ise 5-7

y1l aras1 oldugunu belirlemistir.
3.2. Katimeilarin ITU bilgi seviyelerinin belirlenmesi

Aragtirmada, ITU bilgi seviyelerinin tespiti igin hazirlanan sorulara verilen cevaplar
irdelenmistir. Anketin giivenlik seviyesinin 0.74 oldugu (KR-21= 0.74, KR-21> 0.70) ve
Ol¢egin bilgi seviyesini tespit etmek icin yeter seviyede giivenilir oldugu goriilmiis, dlgekten
soru iiretmeye liizum goériilmemistir. Olcekteki ifade hatasiz ve hatali olarak 2 degisik seviyede
yoneltilmigtir. 2, 6, 15, 19 sayilar1 hatali yoneltilen soru sekilleridir. Bu soru sekillerine
‘hatalidir’ goriisiinii bildiren ankete katilanlar hatasiz cevap vermis olurlar. Verilen her hatasiz
cevap bir puan olarak almnir, en son toplam hatasiz cevaplar bir araya getirilerek genel ITU bilgi
seviyesi tespit edilmistir. Ama sonuglarin daha anlamli ve anlasilabilir olmasi i¢in elde edilen

puanlar yiizliik sisteme gore diizenlenip, degerlendirmeler o puanlar iistiinden verilmistir.
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3.3. ifadelere gore katihmcilarin bilgi seviyeleri

"ITU uygulamalarinda giibre ve tarim ilact kullanimi vardir." ifadesine ankete katilanlarin
hepsinin hatasiz cevap verdigi,

"ITU yapan ciftcilerin sertifikas1 olmas1 gerekmez." ifadesini % 52.3 nispetinde hatasiz
cevapladigi,

"ITU’nun ana gayesi, iireticilerin kullanmis oldugu tohum, fide, toprak, su kaynaklari,
tarim ilac1 ve elde edilen gidanin nitelik raporlar1 benzeri her bir unsurun kaydedilmesini temin
etmektir." ifadesini % 98.5 nispetinde hatasiz cevapladigi,

"Kullanilan tarim ilaglarinin miktar, nevi ve kullanim sebebi denetimde bulunan
sertifikasyon miiessesesindeki ehil elemanlarca tespit edilir.” ifadesine % 93.8 nispetinde
hatasiz cevap verdigi,

"ITU, topragin ve iiretilen mahsuliin gida maddesi ihtiyacinin tahlillerle tespit edilerek
ehil elemanlarca yapilan tavsiyeler istikametinde giibre verilmesini mecburi kilar." ifadesini %
73.8 nispetinde hatasiz cevap verdigi,

"ITU yénetmeligi kapsaminda elde edilen gidalarin kimyasal bakiye testleri yilda bir defa
yapilir." ifadesini % 15.4 nispetinde hatasiz cevapladigi,

"ITU, sadece elde edilen mahsulii degil ilag ve giibre atan is¢i giivenligini de temin eder
ve ¢evrede olusan zarari asgariye diisiirmek i¢cin muntazaman Toprak/Su kaynagi raporlarini
gozden gegirir." ifadesini % 92.3 nispetinde hatasiz cevapladigi,

"Devletce saptanan azami kullanilan ila¢g limitini gecen mahsullere tesadiif edilmesi
halinde ‘acilen eylem plani’ belirlenerek kalintinin diigiiriilmesi temin edilir." ifadesini % 58.5
nispetinde hatasiz cevap verdigi,

"Ekolojik dengeyi muhafazaya doniik {iretimde bulunduklar1 sebebiyle ITU
sertifikasyonuna sahip bagcilara devletge faizi diisiik kredi, bagis ve maddi destek imkani
verilir." ifadesini % 93.8 nispetinde hatasiz cevap verdigi,

"ITU’ya gére bagcilarm ilaglama ile alakali mesleki yeterlige sahip sahislardan tavsiye
almasini1 mecburi kilar." ciimlesinde hatasiz cevaplama nispetinin % 83.1 oldugu, "ilaglamada
bulunacak sahsin konu ile alakali egitime tabi tutulmasi icap ettigi de ITU kontrol noktalarinda
vurgulanmistir." ifadesine % 76.9 nispetinde hatasiz cevap verdigi saptanmaistir.

Calismada ¢ok degisik sorulara verilen her hatasiz cevaba 1 puan verilmis ve toplam hatasiz
cevap sayis1 hesaplanarak genel ITU bilgi seviyesi saptanmistir. Yine neticelerin daha manidar
ve anlasilir olmast i¢in puanlar 100’lik sisteme doniistiiriilerek irdelenmistir. Katilimci
bagcilar, sorulardan ibaret Slgekten yaklasik 14.28 puan almistir. Puanlar yiizlik sisteme

uyarlandiginda ankete katilanlarin puanlarinin 75.14 oldugu, genel bilgi seviyelerinin yiliksek
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oldugu goriilmiis; asgari bilgi seviyesindeki katilimc1 bagcilarin aldiklari puanin 42.11 oldugu,
6 katilimcinin da tam puan (100) aldig tespit edilmistir.

Ankete katilan bagcilarin yasa gore bilgi seviyelerinin de degisik oldugu gdzlenmistir.
Bu farkliligin sebebinin 41-50 yas arasi1 siifin bilgi seviyesinin 51 yas ve lstii sinifa gore
yiiksek oldugu (p=0.01), cinsiyetine gore bilgi seviyelerininse farksiz oldugu belirlenmistir.
Yani her iki cinsiyetteki ankete katilanlarin bilgi seviyelerinin aym1 oldugu sdylenebilir
(p=0.48). Ama kadinlarin say1 olarak az olmas1 bu sonucu saglamis olabilir. Bagciliga dair gelir
durumuna gore bilgi seviyelerinin degisik oldugu, bu degisikligin sebebinin 500 000 TL ve iistii
geliri olan ankete katilan bagcilarin bilgi seviyelerinin daha az geliri olan ankete katilanlara
gore st seviyelerde olmasindan ileri geldigi de sdylenebilir (p=0.01).

Ayni sekilde egitim seviyelerine gore bilgi seviyelerinin de degisik oldugu belirlenmis
olup, bu degisim lise ve iistii egitimi almis olan katilimda bulunan tireticilerin bilgi seviyelerinin
ilkokuldan mezun olan katilimda bulunan iireticilere gore daha yiiksek olmasindan ileri gelmis
(p=0.01), buna karsilik kisinin evli-bekar olmasina ve ¢ocuk varligina gore bilgi seviyeleri
irdelenmemistir.

Yillik gelir seviyelerine gore bilgi seviyelerinin de degistigi, bu degisikligin sebebi 500
000 TL ve istii geliri olan katilimei dreticilerin bilgi seviyelerinin daha az geliri olanlara gore
daha {ist seviyede olmas1 seklinde gozlenmistir (p=0.01). Yine ankete katilanlarin tarim dis1
gelire sahip olmasinin, bilgi seviyesini 6nemli derecede etkilemedigi sdylenebilir (p=0.33).
Tarim harici gelire gore bilgi seviyelerinin degistigi, bu degisikligin sebebinin 100 000 TL ve
daha az tarim harici geliri olan ankete katilanlarin bilgi seviyelerinin, 200 000 TL iistii gelire
sahip olanlara gore daha iist seviyelerde bulunmasidir (p=0.01). Ankete katilanlarmn ITU
uygulamalarin1 se¢gme sebebine gore bilgi seviyelerinin de degisik oldugu tespit edilmis, bu
degisikligin sebebinin ihracaattan kaynakli iTU uygulamasinda bulunan ankete katilanlarin
bilgi seviyelerinin daha iyi halde oldugunu sdylemeleridir (p=0.01).

ITU toplam bilgi seviyesi ile tarrmla ugras: yili arasinda zayif, zit ve énemli yonde ilgi
oldugu gozlenmis (r=-0.32, p=0.01), ankete katilanlarin tarim ile ugrasi yili arttiginda bilgi
seviyelerinin azaldigi belirlenmistir. Bunun sebebi yas gruplari ile grup i¢i yas ortalamasi
arttikca tarimla ugras1 yilinin da arttig1, bunun i¢inde yas gruplari ile grup i¢i yas ortalamasi
arttik¢a bilgi seviyesinin azaldigmin goriilmesidir. Yine bagcilik ile istigal etme yili ve iITU
toplam bilgi seviyesi arasinda 6nemli seviyede ilgi olugsmadig1 (r=-0.1 3, p=0.2 8), yine ITU
yili ve ITU bilgi seviyesinin toplami aralarinda da 6nemli seviyede ilgi olusmadigi
belirlenmistir (r= -0.17, p= 0.17). ITU bilgi toplam1 seviyesi ile bag sahasi arasinda zayif,

dengeli ve onemli bir ilgi gozlenmistir (r=0.28, p=0.02). Ankete katilanlarin bag sahalari
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arttiginda bilgi seviyelerinin de arttigi sdylenebilir. ITU bilgi toplami seviyesiyle mahsul
miktar1 arasinda zayif, orantili ve 6nemli bir ilgi olustugu (r=0.26, p=0.03), ankete katilanlarin
mahsul miktarlar1 arttiginda bilgi seviyelerinin de artis gosterebilecegi sdylenebilir.

Bilgi seviyesi ve tarimla ugrasi yili, bag sahasi, yillik mahsul miktarlarinin (ton) 6nemli
seviyede alakadar oldugu gozlenmistir. Regresyon analizine gore liziim yetistiriciligiyle ugrasi
yil1, ITU yil1 ile bilgi seviyesinin ¢oklu seviyede alakadar olmadig: belirlenmistir. Calismada
ITU bilgi seviyesi, tarimla ugrasi yili, bag sahasi, yillik mahsul miktarlar1 (ton) arasinda
belirlenen yontemin manidar oldugu goézlenmistir (F=27.07, p=0.01, p <0.05). Yontemin
belirleme katsayisinin % 49 (R2=0.49) oldugu ve bunun Yyeter seviyelerde oldugu sdylenebilir
(R2>0.4). Son olarak yontemde gecen tarim ile ugrasi yili, bag sahasi, yillik mahsul miktarlar
(ton) degiskenlerindeki katsayilarinin da anlamli olarak goriildiigii (p=0.01 p<0.05), yontemde
oto korelasyon varliginin irdelenmesi i¢in uygulanan Durbin Watson testi sonuglarina gore
yontemde oto korelasyonun bulunmadigi goriilmektedir (D.W; 1.93). Sonucta, yontemin
istatistiki olarak onem arz ettigi tespit edilmistir.

Aragtirmada ITU bilgi seviyeleri; genel ve zirai hususiyetlerine gore irdelenmis, ITU bilgi
seviyesini etkileyen degiskenler ve bilgi seviyelerinin yetersiz oldugu hususlar tespit edilmistir.
Calismada bilgi seviyesi diisilk siniflar tespit edildikten sonra onlara bu hususlarda ilave
egitimler saglanarak bilgi seviyelerinin artirilmast ITU ile iiretilen mahsul niteliginin
yiikseltilmesi amag edinilmistir. Yine analiz sonucunda saglanan yontem asagida verildigi
gibidir;

(Y)=(-0,3 6)* p1X1 +(0,31)* p2X2 +(0,24)* p3X3

Y= Bilgi seviyesi

B1X1= Tarimla ugras1 y1ili

B2X2 = Uziim iiretim sahasi (da)

B3X3 = Yillik mahsul miktari (ton)

Sonuglara gore bilgi seviyesi tarim ile ugrasi yili diisiik, tiziim iiretim sahas1 ve mahsul miktari
fazla olan ankete katilan iireticilerde daha fazla, liziim yetistiriciliginde tecriibesi az olan sinif
ve biiyiik iireticilerin ITU hususundaki bilgi seviyelerininse daha iyi halde oldugu gézlenmistir.
Hipotezlerin degerlendirilmesi;

H1: Ankete katilimda bulunanlarin yas agisindan bilgi seviyeleri arasindaki farklilik 6nemli
degildir. Kabul

H2: Ankete katilimda bulunanlarin cinsiyet agisindan bilgi seviyeleri arasindaki farklilik

onemli degildir. Ret
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H3: Ankete katilimda bulunanlarin bagcilik ile ilgili gelir seviyesi agisindan bilgi seviyeleri
arasindaki farklilik 6nemli degildir. Kabul

H4: Ankete katilimda bulunanlarin egitim seviyeleri agisindan bilgi seviyeleri arasindaki
farklilik 6nemli degildir. Kabul

HS5: Ankete katilimda bulunanlarin yillik gelir seviyeleri agisindan bilgi seviyeleri arasindaki
farklilik 6nemli degildir. Kabul

H6: Ankete katilimda bulunanlarin tarim haricindeki gelir durumu olarak bilgi seviyeleri
arasindaki farklilik 6nemli degildir. Kabul

H7: Ankete katilimda bulunanlarin ITU uygulamalarini se¢gme sebebi agisindan bilgi seviyeleri
arasindaki farklilik 6nemli degildir. Kabul

HS8: Ankete katilimda bulunanlarin tarimla istigal yili agisindan bilgi seviyeleri arasindaki
farklilik 6nemli degildir. Kabul

HO9: Ankete katilimda bulunanlarin bagcilik ile istigal yili agisindan bilgi seviyeleri arasindaki
farklilik 6nemli degildir. Ret

H10: Ankete katilimda bulunanlarm ITU yili agisindan bilgi seviyeleri arasindaki farklilik
onemli degildir. Ret

HI11: Ankete katilimda bulunanlarin bag sahasi agisindan bilgi seviyeleri arasindaki farklilik
onemli degildir. Kabul

H13: Ankete katilimda bulunanlarin yillik mahsul miktarlart agisindan bilgi seviyeleri

arasindaki farklilik dnemli degildir. Kabul

4. SONUC

Anket sonuglari; ankete katilimda bulunanlarin cinsiyet 6zelligine gore bilgi seviyesinde
bir degisiklik olmadigini, bunun sebebinin katilimda bulunan kadinlarin sayisindaki
diisiikliikten ileri geldigini, katilimda bulunanlarin yasina gore ise bilgi seviyelerinin degisik
oldugunu, yasla bilgi seviyesinin zit orantili bulundugu, yani ankete katilimda bulunanlarin yas
smifi ve smif iginde yas kiigiildiikge bilgi seviyesinin de yiikseldigini gostermistir. Yapilan
analiz sonucuna gore ankete katilimda bulunanlarin egitim seviyeleri ile bilgi seviyelerinin ayni
paralelde oldugu, yani egitim derecesi yiikseldikge bilgi seviyesinin yiikseldigi belirlenmistir.
Yine ankete katilimda bulunanlarin gelir seviyelerinin yiikselmesi ile bilgi seviyeleri degismis,
gelir seviyesi yiikseldikge bilgi seviyesinin de yiikseldigi goriilmiistiir. Tiirkiye’de ITU ile
alakali ydnetmelik 2004 yilinda uygulamaya konuldugu dikkate alinirsa esasen iTU ile istigal
eden ankete katilanlarin bunu benimsemede geciktigi sdylenebilir. Bunun yaninda bu sonucu

elde etmenin sebeplerinden biri, uzun siiredir tarimla ugragan iireticiler yonetmelik ve nazari
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bilgi yerine tecriibeye dayali bilgilerle bu isi yaptyor olma ihtimallerinin bulunmasidir. Bilhassa
bu yonetmeligin yayina verilmesinden sonra ziraatla ugrasanlar hem yonetmelik hem de teorik
bilgileri 6grenerek tarim ile de ugrasabilirler.

Calismada bilgi seviyesi diisiik olan siniflarin belirlenerek onlara bu hususlarda ilave
egitim verilmek suretiyle bilgi seviyelerinin yiikseltilmesi, iTU ile saglanan mahsuliin

kalitesinin yiikseltilmesi agisindan 6nemlidir.
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ABSTRACT

The fall armyworm, Spodoptera frugiperda (JE Smith) (Lepidoptera: Noctuidae) has rapidly expanded its
distribution on a worldwide scale and was recently introduced in Tiirkiye from the eastern side of the
Mediterranean region. Regular surveys were followed in the Southeastern region, Tiirkiye and confirmed the
expansion of the pest in new territories. The larval specimens were noticed by specific diagnostic features,
particularly an inverted Y-shape marking on the head capsule and four black spots in a square pattern on the dorsal
side of the eighth abdominal segment. The pest has very recently arrived in Surug county of Sanliurfa province in
Southeastern Tiirkiye. However, its early invasion remained restricted since other surrounding maize lands in other
counties of Sanlwrfa, namely, Akgakale, Bozova, Harran, Karakoprii, and Siverek, and other neighboring
provinces, Diyarbakir and Mardin, as well as far eastern provinces such as Batman and Sirnak were found
uninfested. This study emphasizes the requirement of continuous monitoring efforts to establish an understanding

of Integrated Pest Management strategies (IPMs) including native and invasive maize pests.

Keywords: Invasive species; lepidopteran maize pests; Noctuidae; rapid dispersion; Southeastern Anatolia Region

The fall armyworm

Spodoptera frugiperda (JE Smith) (Lepidoptera: Noctuidae)’nin Giineydogu

Anadolu Bolgesi istilasi

OZET

Giiz kurdu, Spodoptera frugiperda (JE Smith) (Lepidoptera: Noctuidae) diinya c¢apindaki yayilimim hizla
genisletmis ve yakin zamanda Akdeniz Bolgesinin dogu yakasindan Tiirkiye'ye giris yapmustir. Tiirkiye'nin
Giineydogu Anadolu Boélgesinde diizenli olarak yapilan surveyler, zararlinin yeni bolgelere yayildigini
dogrulamistir. Larva ornekleri, dzellikle bas kapsiilii iizerinde yer alan ters Y seklinde bir igaret ve sekizinci

abdomen segmentinin dorsal kisminda kare seklinde dort siyah nokta gibi spesifik teshis 6zellikleriyle fark
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edilmigtir. Zararli, Giineydogu Anadolu Boélgesi Sanlurfa ilinin Surug ilgesine ¢ok yakin zamanda gelmistir.
Ancak, Sanlurfa'nin diger ilceleri olan Akcakale, Bozova, Harran, Karakoprii ve Siverek ile diger komsu iller olan
Diyarbakir ve Mardin'in yani sira Batman ve Sirnak gibi daha dogu illerindeki diger ¢evre musir arazilerine heniiz
bulagmadigindan, erken istilast sinirlt kalmigtir. Bu calisma, yerli ve istilact misir zararlilarini igeren Entegre
Zararli Yonetimi = stratejilerinin - (IPM'ler) anlagilmast ig¢in siirekli takip c¢aligmalarinin  gerekliligini

vurgulamaktadir.

Anahtar Kelimeler: Istilaci tiirler; lepidoptera musir zararlilari; Noctuidae; hizli yayilim; Giineydogu Anadolu

Bolgesi; Giiz kurdu

1. INTRODUCTION

Maize, Zea mays L., stands out among the major crops in Tiirkiye and its cultivation has
been driven by the ever-increasing demand. Recently, maize cultivation in Southeastern
Tiirkiye has achieved an approximate area of 2.000.000 da, 88% of which predominantly
consists of second-crop maize lands (TUIK, 2023). Second-crop maize production in this region
surpasses the total maize cultivation across the country by at least fourfold, while first-crop
maize production still plays a significant role in maize production areas in Tiirkiye (TUIK,
2023). As maize cultivation, particularly second-crop maize lands, continues to expand in the

region, the emphasis on ensuring the health and quality of crops becomes increasingly vital.

Maize cultivation in Tiirkiye faces significant challenges, primarily due to the detrimental
feeding activity of various lepidopteran stem borers. Among them, Sesamia spp. (Lepidoptera:
Noctuidae) and Ostrinia nubilalis (Hiibner) (Lepidoptera: Crambidae) have persistently
remained key pests, leading to considerable reductions in maize yields over an extended period,
until very recently in Tiirkiye, including the Southeastern region (Goziiagik & Mart, 2005;
Tonga, 2021). The last decade has witnessed the emergence of an era dominated by invasive
species, including pests affecting maize crops. For example, Chilo partellus (Swinhoe, 1885)
(Lepidoptera: Crambidae) was introduced in the Mediterranean region of Tiirkiye in 2014
(Bayram & Tonga, 2016) and voraciously expanded its invasion areas toward Southeastern
Tiirkiye with a restricted area in early expansion times in 2022 (Tonga & Riistemoglu, 2023).
Very recently, the Mediterranean region maize fields of Tiirkiye were found infested by the fall
armyworm, Spodoptera frugiperda (JE Smith) (Lepidoptera: Noctuidae), another invasive pest
species, in 2022 (Pehlivan & Atakan, 2022). In September 2023, regular samplings yielded the
determination of S. frugiperda infestation in Suru¢ county of Sanliurfa, Tirkiye. Immediate
surveys targeted surrounding fields in the counties of neighboring provinces to document the

region-wide distribution of the pest. The larval specimens were recognized based on their
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morphological traits and incubated specimens confirmed the morphological resemblance of

adult specimens to S. frugiperda adults as well (EPPO, 2015).

Spodoptera frugiperda is a highly polyphagous and voracious invasive pest originating
from tropical and subtropical areas of the Americas. The pest is still on quarantine lists in many
countries in Africa, Asia, and Europe, including Tirkiye (EPPO, 2023). This study aims to

report the ongoing invasion of S. frugiperda in Tiirkiye toward the Southeastern region.

2. MATERIALS AND METHODS
2.1 The survey program

Regular samplings aimed at monitoring maize pest populations are conducted in the
Southeastern Tiirkiye region every September. Due to the recent introduction of C. partellus
into the region through the counties of Sanliurfa province, surveys started in the same counties
to monitor the potential introduction of the new invader, S. frugiperda. Surveys were, afterward,
extended to other neighboring provinces, Diyarbakir and Mardin, which were further extended
to the eastern provinces, Batman and Sirnak. The maize plants with any visible damage to the
leaves or stems were investigated. The first specimens of S. frugiperda were noticed in two
maize locations in Suru¢ county of Sanlwrfa province. The larval specimens were first
characterized by four dorsal spots in a squared pattern on the eighth abdominal segment and an
inverted Y-shape on the head capsule (EPPO, 2015). Then, 50 plants were randomly sampled
from 10 different sampling spots in each field. The plants were carefully checked for the
presence of any damage symptoms. The infested plants were dissected without harming the
specimens, which were transferred to containers for transportation to constant laboratory
conditions with 25 = 1 °C, 60 £ 5 RH, and 16 h illumination. The larval specimens were
provided with fresh maize plants and the containers were renewed daily. The larval specimens
completed their metamorphosis and became adults in the laboratory, confirming the
identification based on the appearance of forewing spots (EPPO, 2015). All samplings were
performed on the second-crop maize vegetation, and plants were at the reproductive stages
between inflorescence emergence and flowering, referring to BBCH scale 51-69 codes
(Biologische Bundesanstalt, Bundessortenamt und Chemische Industrie) (Lancashire et al.,
1991; Weber & Bleiholder, 1990). The mean number of S. frugiperda larvae per plant was
compared between two locations using a t-test in GraphPad Prism 8.3.0 (538) (GraphPad
Software LLC., Boston, USA). The identification of specimens was kindly confirmed by Dr.
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Hend Omar Mohamed (Plant Protection Research Institute, Biological Control Department,

Giza, Egypt).

3. RESULTS
3.1 Determination of Spodoptera frugiperda in Southeastern Tiirkiye

The larval specimens and those that became adults were easily recognized and identified
as S. frugiperda based on their morphological traits (Figure 1). The damage type, actively
feeding larva, and its frass are also presented in Figure 1. The pest was recorded in two maize
fields in Surug county, Sanliurfa (Figure 2). The pest infested 60% of the sampled maize plants
in L1, while 20% of the infestation was recorded in L2. The mean number of pest larvae per
plant was 0.76 in the former and 0.28 in the latter maize fields. Additionally, the number of S.
frugiperda larvae per plant was statistically higher in L1 than in L2 (t= 3.46, P<0.001, Figure
3). Immediate surveys across other neighboring counties of Sanlwurfa, namely, Akgakale,
Bozova, Harran, Karakoprii, and Siverek, revealed the absence of infestation. Besides, prompt
surveys across other neighboring provinces such as Diyarbakir and Mardin revealed the absence

of the pest. Further provinces such as Batman and Sirnak were found uninfested as well.

(D) and larva frass (E).
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Figure 2. The map for early invasion of Surug county of Sanliurfa, Southeastern Tiirkiye by Spodoptera
frugiperda along with possible routes of invasion as shown by black arrows. The provinces at the east
of Sanlurfa were uninfested. The legends provide number of pest larvae per plant and location-based
infestation rate at two infested locations.
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Figure 3. Mean number (+ std.er) of Spodoptera frugiperda larvae per plant in two locations in Surug
county of Sanlurfa, Tirkiye.

4. DISCUSSION

The occurrence of S. frugiperda was only recorded in two maize fields in Surug¢ county
of Sanlrfa province. Other surrounding territories remaining on the east side were found
uninfested. The invasion of the pest in Southeastern Tiirkiye could have happened toward

provinces lying between the Mediterranean and Southeastern regions, namely, Osmaniye, Kilis,
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Gaziantep, and Kahramanmaras since the pest was first reported in the Eastern Mediterranean
region of Tiirkiye, Adana province in 2022 (Pehlivan & Atakan, 2022). Besides, the invasion
might have taken place directly from Syria to Southeastern Tiirkiye since Syria as one of the

eastern Mediterranean countries that composes a perfect invasion route for exotic pests.

The early invasion of the pest through Southeastern Tiirkiye is restricted to two locations,
which suggests the maximum expansion of the early invasion in this region might have been
affected by current pest management strategies, i.e., chemical control against other insect pests
such as Sesamia spp., O. nubilalis, and C. partellus. In addition, invasion toward the region
coincided with inflorescence emergence and flowering maize growth stages, which might have
caused a restriction on early invasion considering that younger fields could be more favorable
to pest expansion until the end of the season. Therefore, it is difficult to conclude an average
permanent infestation rate for the region with the present data, while 60 and 20% of host plants
in the first and second locations were infested by the pest, respectively. Still, the infestation
rates were relatively high, which was most probably due to the high dispersal capacity that is
provided based on its competitive capability (Mutua et al., 2022). Extended surveys will address
the competitive situation and consequences between S. frugiperda and other inter- and intra-
guild maize pests such as leaf chewers and stemborers. In a previous survey, we found that the
contribution of C. partellus to maize stemborer populations was equal to that of Sesamia spp.
populations, which was previously considered the most significant pest group in the region
(Tonga & Riistemoglu, 2023). The establishment of C. partellus and, now, the arrival of S.
frugiperda highlight the significance of extended survey programs and sampling procedures

addressing interspecific relationships in maize ecosystems.

The last invader in the region, S. frugiperda is polyphagous and can damage a wide array
of host plants other than maize. In Southeastern Tiirkiye, cotton is sown along with maize, both
of which, together, dominate the cultivation during the second vegetation period in the region.
Since cotton ranks among one of the S. frugiperda host plants (Barros et al., 2010), the

monitoring programs should include cotton-cultivated fields as well.

5. CONCLUSIONS

This study confirms the expansion of S. frugiperda in Tiirkiye and is first to report its
presence in Southeastern region. This study emphasizes the requirement of continuous
monitoring efforts to establish an understanding of Integrated Pest Management strategies

(IPMs) including native and invasive maize pests.
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