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ARASTIRMA MAKALESI RESEARCH ARTICLE

The Study of Post-Harvest Cereal Practices and Socio-Economic Impacts of Chemicals
Used For Grain Storage In Morocco

Hanane LOUGRAIMZI ", Abdelaaziz BOUAICHI 2, Rajaa KHOLSSI 3, Fatima EBICH ¢, Driss
RAOUGUI !, Mohamed FADLI !

Abstract

This study was conducted to characterize farmers' post-harvest conservation practices and identify the different
storage structures, the main pests of cereals in stock, as well as the mode of application of insecticides to protect
seeds against pests infestations. To identify these practices, we have prepared a questionnaire answering the main
characteristics of the population of the three provinces. The grain storage structures in our region vary depending
on the locality and the quantity of seeds stored. These structures play an essential role in grain conservation in
reducing post-harvest losses. There are several traditional techniques for storing cereals, such as traditional
granaries, which represent most used structure by respondents (59.46%). Unfortunately, 40% of farmers surveyed
say they sell their crops because of the financial pressure is the fear of damage during storage. The main pests
responsible for losses are seed weevils (Sitophilus granarius), tribolium (Tribolium castaneum (Herbst) or
Tribolium confusum), and cereal alucites (Sitotroga cerealella) with a percentage of 72%, 22%, and 6%
respectively. However, the use of synthetic insecticides continues to be the major solution used for seed protection.
However, our results revealed that the use, the doses, and the precautions of use of these insecticides are not
respected, only 20% of the people surveyed know that there is a possibility a risk of intoxication by insecticides.
The study shows that respondents are mishandling and overusing insecticides to protect cereals from pest
infestations. This information is essential to recognize the origin of food poisoning among consumers and the
worrying health risks humans.

Keywords: Conservation, Cereal, Post-harvest, Insecticides, Health risks
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1. Introduction

Grains are essential components of human food. They are especially interesting for their energy supply, like
proteins, calories, vitamins, and dietary fiber. They are also a source of food for poultry and cattle.

The cultivation of cereals is done once a year, while its consumption is intended throughout the year. Due to
the Mediterranean climate, this crop is subjected to climatic constraints and hazards such as irregular rainfall and
drought. To ensure food security and self-sufficiency, especially with the country's population growth, the storage
of this food is necessary. Nevertheless, during storage, these foodstuffs can be damaged by several aggressors and
annual losses have been recorded. In developing countries, post-harvest cereal losses are more severe than those
in developed countries; in Africa post-harvest losses from harvest to market are around 10 to 20% (Boateng, 2016).
Other researchers have reported losses of over 50% in cereals and up to 100% in legumes (Obeng-Ofori, 2011).
Because of the stagnation of cereal consumption during the year, the storage of the latter has many problems, the
most important of which are insects that are perceived at the level of the producer as losses meaning that they
subsequently reduce the weight of the commodity in case of heavy infestation (Gueye et al., 2012). Yet, beetles
are the largest group within the insect pests of stocks (Adjalian et al., 2014). In the fight against these parasites,
the farmers in Morocco systematically use synthetic chemicals to preserve the quality of their stored products.
However, many insecticides have been banned in recent years because of their persistence in the environment.
There are several issues, namely are insect resistance, food contamination by pesticides, environmental pollution
issues, disruption of natural balance, toxicity to non-target organisms, the largest negative impact on human health
(Grdisa and Grsi¢, 2013). Nevertheless, cereals treated with insecticides can contaminate the circuits, so cross-
contamination of grain by handling and storage equipment can lead to marketing and compliance issues (Dauguet
et al., 2006).

The objective of this study is to determine, using a questionnaire, the cultural practices for the conservation of
cereals, in particular wheat and barley, and to describe the mode of application of synthetic insecticides against
the main pests of cereals and identify the constraints of the people surveyed to preserve the quality of stored seeds.

2. Materials and Methods
2.1. Area and population studied

Our study area is located in the northwestern part of Morocco. This area occupies a special place at the national
level as a producer of cereals. It is composed of three provinces: Kenitra, Sidi Kacem, and Sidi Slimane. The overall
sample was randomized. It consists of 300 people divided into subgroups of 100 people per province, meeting the main
characteristics of the population to have a better representation.

2.2. Data Collection

In our study, cereals farming occupies a large agricultural region. We are interested in the resorts that harvest fall
cereals. We have reinstated a survey that has been translated to the local language of the villagers and the questions
are orally presented. It is a set of questions linked in a structured way to obtain the maximum amount of information.
We obtained the final development of this questionnaire after modification and improvement as it was used during
preliminary surveys. It covered general information (date, location, occupation, etc.)-specific issues such as storage
characteristics, infrastructure, and the different pests of stored seeds, then direct observations on some sites to witness
how diverse structures and storage methods looked in real life.

3. Results and Discussion
3.1. Different places of purchase of seeds

The analysis of sales by species shows that soft wheat ranks first at 60.43%, followed by durum wheat at
36.05%, and barley at 3.52%. The use of certified seed of SONACOS (National seed marketing company, Morocco)
by most farmers (57.2%) is the most effective way of ensuring high qualitative and quantitative value, which
contributes significantly to the increased productivity (Figure 1). For this reason, the areas, production, and
marketing of certified seeds are evaluated. However, small farmers prefer to buy their seeds from the local market
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(29.96%) or other places of purchase when it comes to small areas. In Thrace, the most important criteria for
farmers for wheat seeds selection are experience and advice, high quality and price, suitability for climatic
conditions, support purchases, and low production costs, respectively (Keles, 2019).

70
60
50
40
30

20

0 - - 0

Sonacos Market Village Roadside Other

Figure 1. Type of places of purchase of seeds

3.2. Destination of seeds harvested

Once the seeds have been treated with chemicals, they are planned either for storage or for direct sale. Farmers
market their post-harvest cereal crops to traders who buy them and store them for transport to the market for sale
at a higher price. The three crops with the highest harvests were recorded during the survey, namely, common
wheat, maize, and durum wheat. However, the obligation of early sale shortly after harvest misses the opportunity
to increase the income of crops harvested by farmers. The results of the survey showed that 40% of farmers
surveyed sell their crops because of financial pressure. According to Tefera et al. (2011), the potential impact on
poverty reduction and greater livelihood security will not be realized, however, if farmers are unable to store grains
and sell surplus production at attractive prices.

The majority of farmers use cereal production, including barley and durum for self-consumption, and soft
wheat is essentially a sales crop. Barley is only marketed in a year of abundant production. Farmers deliver their
harvest to wholesalers (38%) or to the market (32.4%) when it comes to certain bags (Figure 2).
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Figure. 2. Destination of seeds harvested by farmers
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3.3. Types of storage encountered in the area

In rural areas, traditional conservation methods are often quite simple, sometimes offering very effective results.
There are several types of peasant storage structures depending on the different stations in the region. These
structures play a very important role in the conservation of the grains and once they are improved, they could play
a very important role, which would allow to considerably reducing the losses due to bad storage. According to
Fleurat-Lessard (2015) for long-term conservation, it states that it was necessary to comply with a number of rules
regarding grain temperature and storage room.

In addition, there are several traditional village storage techniques, such as underground warehouses to store
several tons of grain for a long time. The baskets which are made of shards of petioles and rachis palms, are used
for small grains like wheat and barley, but this only allows to store small amounts of grain. In other cases, more
structures are the traditional granaries for small quantities and stores when it comes to a stock of several tons with
a percentage of 59.46% and 30.23% respectively. This study has allowed us to better understand the storage
conditions in rural areas. The storage of cereals in this study area varies from 3 months to one year. The frequency
of use of each storage structure varies according to the localities and the quantity of seeds stored.

3.4. Major pests identified in the storage areas

The results obtained in this study reveal that losses caused by insects can reach all stored seeds. However,
insects are those that currently hold farmers' attention and consider them as a criterion for judging the quality of
their seeds. The main pests responsible for losses are seed weevils (Sitophilus granarius), tribolium (7ribolium
castaneum (Herbst) or Tribolium confusum), cereal alucites (Sitotroga cerealella) which are capable of causing
dramatic losses in the absence of control (Figure 3).

Cereal
alucites
6%

Tribolium
22%

Grain
weevils

72%

Figure. 3. Pests of grain storage

The results of our investigation revealed that crops were damaged in storage structures by pests. Farmers
estimated that 72% of the weevils that can reach all stored seeds (Figure 4). A similar study carried out in Edirne
province, Turkey, showed that Sitophilus granarius, Sitophilus oryzae, Tribolium castaneum and Tribolium
confusum were the most common and dense insect pest species in warehouses and mills (Togantimur and Ozder,
2019).

Figure. 4. Adult of Tribolium castaneum inside the seed and (A) Larva of Tribolium castaneum (B)
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According to Abass et al. (2014) farmers estimated that weevils accounted for 36% of the total corn loss, while
large grain borers accounted for more than half of the losses recorded for corn. In Ethiopia, the stored wheat seed
has recorded average percentage damage of 3.6-13.6% which is caused by the major insect pests Sitophilus
granarius, Sitophilus spp. Sitotroga cerealella, Tribolium spp., Plodia interpunctella and Liposcelis spp. (Kalsa et
al., 2019). Another study conducted in Punjab (India) to evaluate the losses of the main stored wheat insect pests
(Triticum aestivum Linn.) showed a high incidence of small ruminant (Rhyzopertha dominica), followed by rust
beetle (Tribolium castaneum), rice weevil (Sitophilus oryzae) and rice moth (Corcyra cephalonica) (Singh, 2016).
In addition, monitoring data in granaries and mills in Alexandria (Egypt) identified Tribolium castaneum and
Sitophilus oryzae as the most abundant species infesting wheat (Attia et al., 2020).

3.5. Lack of knowledge about insecticide application

The results obtained in this study revealed that the majority of respondents favor the use of synthetic
insecticides (91%), either controlled insecticides or other illegal products that affect public health, food safety, and
the economy of the country. According to Ahouangninou et al., (2011), populations will probably not wait to
notice the presence of insects in their stocks before starting insecticide treatments. These insecticides are purchased
in several forms, either insecticide tablets recommended for external use between bags, or insecticidal powders
that mix with the seeds before bagging (Table 1), to control insect pests in stocks of cereals with an average shelf
life of 6 months.

One of the types of insecticides most used by about 62% of respondents is Aluminum phosphide (PAl), it is a
fumigant pesticide used in the storage and protection of stored grain. Nevertheless, currently its marketing and
public use are prohibited in Morocco because of the dangers of handling Phostoxin®. However, 38% of farmers
use insecticidal powders above the recommended dose.

Table 1. Different insecticides application and doses reported by the respondents

Active ingredient  Formulation Doses and applications Doses and recommended
reported by actors applications
Aluminum Fumigant 2 to 3 fumigants inside 2 to 3 fumigants / m?
phosphide the bags between the bags
Malathion Powder without dosing 50g/ 100K g mixed with seeds
Deltamethrine Powder Bag of 50g/100Kg to 50g/100Kg mixed with seeds
300Kg of seeds or or directly sprayed on seeds

without dosing

The results obtained in this study reveal that some of them applied very high doses and misused insecticides,
for example, placing two to three Aluminum phosphide tablets inside the bags in direct contact with the seeds.
This is justified by the fact that the product used is no longer effective as before and does not allow the total
eradication of insects. These fumigants such as methyl bromide and phosphine are still the most effective for
protection against insect infestation of stored food, feed, and other agricultural products (Kim et al., 2003).
Nevertheless, after a long application, many insects have become resistant to organic insecticides. This has led to
an increase in applied doses of pesticides, so the effectiveness of this application is optimal (Ramade, 1995;
Regnault-Roger et al., 2005). The actors use Phostoxin® sometimes mixed with other insecticides to obtain a more
effective product especially when storage lasts several months. Although effective, their repeated use for several
decades has disrupted the biological control system by natural enemies and led to insect pest outbreaks, widespread
resistance development, and adverse effects on non-target organisms and environmental and human concerns
(Champ and Dyte, 1977).

3.6. Insecticide user profile and the existence of risks

Insecticides are poisons that kill insects and can be very dangerous to humans and pets, especially when these
insecticides are used improperly and without applying the necessary precautions. Our results showed that not all
precautions were respected, and no farmer adopted full-body coverage when applying insecticides. Except a few
who use gloves or shawls to replace masks. Also noted that only 20% of those questioned know that there is a
possibility of risks of poisoning by insecticides when the dose and use of the insecticide are not respected. Lack
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of protective equipment when applying chemicals is a violation under Article 2 of the Code of Conduct of the FAO
(Food and Agriculture Organization of the United Nations, 2013). It should also be noted that among those who
use the chemicals, no peasants know the active ingredient of the substance they use because of the low level of
education of these people. According to Zongo et al. (2015) the use of insecticides sometimes at very toxic doses,
their poor instructions for use and the non-respect of the duration of persistence of the insecticide (varies between
1 to 3 months) are factors food poisoning and the low level of education of producers and traders mean that they
do not know how to use insecticides, which increases the risk of poisoning. In addition, there are sometimes more
serious health consequences such as problems of infertility or cancer development, immunodeficiency,

neurodevelopment and behavioral disorders, metabolic disorders, and diabetes (Idrissi et al., 2010).

This situation has shown the risk to which consumers are exposed and the real danger that can cause these
types of applications for human health. According to Multigner (2005), the delayed effects of pesticides on human
health may be the consequence of past exposure, usually intense or of low intensity but repeated over time,
potentially of the population, exposed professionally or by the environment (air, water, food).

Prior to the development of synthetic insecticides, materials of plant origin provided a means of crop protection.
These botanical insecticides have certain advantages; they do not persist in the environment, they pose a relatively
low risk to non-target organisms (predators and beneficial parasites) and they are relatively non-toxic to mammals
(Scott et al., 2003; Weinzierl, 2000). Biological control is currently the recommended method for controlling
insects in the stock. However, these technologies must be simplified and popularized among Moroccan farmers to
avoid the various problems associated with the use of synthetic insecticides.

4. Conclusion

The study presents an unconscious image of the use of synthetic insecticides by people surveyed in our study
area, resulting in a selection of resistance in pests. The consequences of misapplication are numerous and are not
limited to treatment effectiveness issues alone, but can also have negative impacts on human and animal health.
On the one hand, these results are alarming and suggest that these management practices for cereal stocks would
be controlled for the population concerned and that the various actors should be made aware of the increased risks
of the misuse of these insecticides. On the other hand, the search for other alternatives such as biological
insecticides are essential. Studies have been planned to evaluate the use of natural products in protecting stored
grains and legumes.
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Challenges Of Precision Agriculture Application In Pistachio Orchards: Factor Analysis
From Iranian Agricultural Experts' Perspective
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Abstract

Iran's agriculture is globally well-known for its pistachio product. However, traditional management approaches
and poor application of proper new technologies have brought reduced productivity and environmental hazards.
In the information age, in order to transition from traditional to modern horticultural model, the application of
precision agriculture model is appropriate. Therefore the purpose of the present study is to determine the challenges
of precision agriculture application in pistachio orchards in Semnan province. The research method was survey.
The statistical population were 187 horticultural experts of Semnan and counties' agricultural research center. By
of Cochran formulae, 124 people were selected as sample. It was used a stratified random sampling method. In
field study step, it was used the questionnaire as the main research tool. It was confirmed the face and content
validity and reliability of research tool. The results of prioritizing the challenges of application of PA in pistachio
orchards showed that the respondents’ point view, the lack of economic justification for PA from the point of view
of gardeners in the area, fragmentation of lands and lack of integrated land management, lack of the technical
infrastructure required for PA in orchards had the highest priority. Also, shortage of PA researches and the gap
between research and extension, poor management of gardeners in the use of precision agricultural technologies,
lack of providing consulting services to gardeners were identified as the least priority. Exploratory factor analysis
results have demonstrated the exploitation of four factors, including investment and supportive, structural, human
resource development and supply, finally organizational and program challenges.
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1. Introduction

Pistachio production plays a vital role in Iran's non-petroleum exports. Up to 2010, Iran has produced
about %55 of global pistachio production and supplied more than 70% of global pistachio exports. Iran was the
greatest pistachio producer in the whole world. Since 2011, the United States of America is placed in the first rank
of the pistachio production, while Iran occupies placed in the second rank. Compared to other products, the
economic value and foreign exchanges of this product are higher, so that in 2018, the pistachio exports were about
51000 tones with a value of 460 billion dollars and a 61% loss compared to the previous year (TPOI, 2019). The
pistachio production is considered as one of the main advantages of Iran's agriculture in the both national and
international markets. In 2018, the pistachio orchards in Iran occupied a total area of 498693 ha with 172614 tons
of products, and an average of 1440 kg/ha. Meanwhile, the mean dry pistachio production in California was 3500
kg/ha, and the cost of producing 1kg pistachio in Iran was 60% higher than in the USA (IPA, 2011). One of the
main issues for the pistachio production in Iran is its management. Orchards with traditional methods and weak
application of new proper technologies led to performance loss, increased production costs, uneconomical and
unsustainable production so that a great number of Iran's pistachio orchards have been exited from the economic
production cycle, resulting in a decrease in the compatibility of this product in global markets (Zare Mehrjerdi et
al., 2016).

To solve these problems as well as to achieve green productivity in Iran's pistachio orchards, a proper current
paradigm must be used. Therefore, in the information age in order to transit from traditional to modern agricultural
and horticultural models, it is necessary to develop the application of a Precision Agriculture (PA) model. In the
PA model, using the Smart Farming Technologies (SFT), precise consumption, and management of external inputs
such as various kinds of chemical poisons and fertilizers, sowing seeds and seedlings, as well as irrigation has
been based on correct data, local characteristics of gardens, and finally seedling or tree development stages and
needs. On this basis, it is possible to achieve proper and sustainable performance, improved product quality,
ecological balance, and environmental protection (Barnes et al., 2019b; Kountios et al., 2018).

In the 1980s, this technology was initially introduced in the USA. This technology was created to achieve
product sustainability as well as to solve environmental problems. As a result, the farmer gain the capability to
mechanize his farm or garden (Mishra et al., 2003). The PA is an information and communication technology-
based management system that determines, analyzes, and manages changes in profitability, sustainability, and
resource and garden protection. Accordingly, the PA model is an approach that requires a high level of orchard
men's knowledge and skills. In the PA, divisions and actions are made for whole farm or orchard with regard to
its every spot. In this method, every square meter (m?) is considered as a farm, indicating that using precision
technologies, inputs are applied precisely in the proper place. Therefore, the PA is a precision on agriculture which
was first introduced in the United Statesin the 1980s. This technology was created in order to achieve
sustainability of production and solve environmental problems so that the farmer has the ability to mechanize his
farm or garden (Mishra et al., 2003). The PA is a management system based on information and communication
technologies that determines, analyzes, and manages changes for profitability, sustainability, and protection of
resources and gardens. Accordingly, precision farming is an approach or agriculture method that requires a high
level gardeners' knowledge and skills. In precision farming, decisions and actions are made to fit any part of the
garden or farm instead of the entire farm or garden. In this method, each square meter of the garden is considered
as a farm. That is, inputs are used using technologies exactly as needed and in the right place and required.
Therefore, precision farming is a reductionist rather than a holistic approach. The PA is a way to achieve
sustainable agriculture, which has been accepted and extended in some countries due to its benefits (Barnes et al.,
2019a; Izadi et al., 2015). At the first glance, it seems that the PA is not applicable in developing countries due to
the presence of poor farmers, subsistence farming systems, small farmlands, lack of technical and software
knowledge among farmers, and the high cost of application of its technologies. Whereas, this approach has great
potential for developing countrie to improve agricultural production. Iran, as a developing country, has great
potential for the use of the PA in its farms and gardens (Shirkhani and Pezeshki Rad, 2017). Also, the PA is
considered as a science and art of applying advanced technologies in order to increase crop production, while
minimizing potential environmental pollution (Karcik and Tasan, 2018). The PA, as a systemic approach to
regenerate the overall agricultural system, was conceptualized to create sustainable low-input and high-
performance agriculture (Mandal and Maity, 2013; Schaefer and Thinh, 2019). Due to the importance and benefits
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of the PA, so far research have been done on the feasibility of the application of the PA in different countries and
challenges incoming for the application of these technologies. For example, Mishra et al., (2003) argued that the
limited adoption of the PA in India is due to the low risk-taking of farmers, poor economic and social conditions,
and small sizes of farms. Griffin et al. (2004) in the study on the reasons for the delay in the adoption of the PA
mentioned that it was due to the lack of harvesting machines, the high cost of soil network sampling, the lack of
understanding of the benefits of sensors, and the small number of consulting companies. Fountas et al., (2005)
stated that among the challenges of the PA development, we could refer to lack of technical skills, high time
consumption, and hardware incompatibility. Mondal and Basu (2009) described the high level of technology used
as one of the challenges of using the precision technology. Adrian et al., (2005) reported that being confident about
the application of the PA technology, the perceived value, the farm size, and the farmer's education have
affected various farmers' adoption of the PA. Pandit (2012) examined the adoption of the PA technology by cotton
growers in the United States. The results of this study showed that farm size and formal education have influenced
the adoption of the PA technology.

In Iran, although the PA technologies have not been used in a large-scale, respective studies have been don
among which Zare Mehrjerdi et al. (2016) clarified that economic, educational, and technical factors play major
roles in the possibility of using the PA technologies in pistachio production in Rafsanjan. Yazdanifar et al. (2016)
stated that the lack of economic, technical, and cognitive requirements, weak socialization, poor support services,
and incompatibility with environmental and social conditions are the most important barriers to the use of the PA
by agricultural companies in Dezful. Bagheri and Bordbar (2013) argued that challenges in the application of
precision farming in Iran include infrastructural, educational, contextual, managerial, human resources, extension,
and planning issues. Izadi and Hayati (2013) found that the average knowledge about the PA effects among
professionals of agriculture consulting services in Shiraz was moderate, and in the other aspects, it was below
average. Shirkhani et al. (2017) also stated that the level of experts' awareness of the PA in Tehran province was
low to moderate. The results of Eskandarzadeh and Rashidpour's (2016) study in West Azerbaijan province showed
that seven skills of accounting, farming, recognizing variability, finding information, goals setting, and decision
making, and technical and economic skills for the proper use of agricultural machinery are needed for the
application of agricultural precision. The application of the PA plays the main role in the process of sustainable
agricultural development. In Iran, the results of Tohidyan Far and Rezaei-Moghaddam's (2018) research showed
that the protection of surface and groundwater resources, development of rural areas, increasing productivity, and
increasing income had the most important effects on the PA technologies. Also, Experts' attitudes indicated that
they had a positive vision about these effects. Allahyari et al., (2016) showed that technical, economic,
and accessibility factors have influenced agricultural experts' attitude towards the PA. Izadi et al., (2015) in their
research in Shiraz found that the capabilities required by the experts of consulting services companies for the PA
extension and development were mainly practical, cognitive, and exploratory. Also, the results obtained by
Tohidyan Far and Rezaei-Moghaddam (2017) showed that agricultural experts and consultants in Fars province
intended to use the PA technologies. Attitude was the most important determinant of experts' intention to use the
PA technology. Accordingly, if the PA technologies are to be used in the gardens located in Semnan province, the
research problem is what challenges we face when applying precision technologies in pistachio orchards.
Considering the fact that no research has been done in this area in the study area and this issue was not clear, the
present study was conducted to fill this gap. Therefore, the main aim of this study was to determine the challenges
of the PA use in pistachio orchards in Semnan province. The novelty of the present study can be considered from
two aspects: first, the challenges of the PA application in pistachio orchards are analyzed, which had not been done
so far; second, no study has been done so far on the use of the PA in the pistachio orchards in Semnan province.

2. Materials and Methods
2.1. Study area

The study area was Semnan province in Iran (Figure 1). Semnan province, especially Damghan county, has
700 years of background in pistachio production. Due to the climatic and geographic conditions of this county, its
products have high quality. In 2018, the area of pistachio orchards in Semnan province was 20853 hectares, the
amount of production was 15288 tons and the average yield was 1176 kg per hectare (Center of Information and
Communication Technology, 2018) .
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Figurel. Area of study (Semnan Province of Iran)

2.2. Data collection

The present research is applied in terms of purpose, non-experimental in terms of how to control variables,
survey in terms of research method, a field study in terms of data collection, and cross-sectional in terms of data
collection time. The population of the study consisted of 187 horticulture experts in the Agricultural Organization
of the Semnan province and the subordinate counties and the Research Center of Pistachio in Damghan. The
sample was determined using Cochran’s formula for 356 people. The participants were selected through a stratified
random sampling method. The data were gathered in two stages: the library study through search in the database
and then conducting a field research. In the field stage, a questionnaire was used as the main research tool. The
data collection was conducted through face-to-face interviews. The questionnaire consisted of two parts: the
respondents' personal and occupational characteristics are asked in the first part; and in the second part, the
challenges of application of the PA in pistachio orchards are examined in the Likert scale (very low = 1, low =2,
medium = 3, high = 4, very high = 5). To develop the questionnaire by reviewing the library acs> searching in the
database as well as conducting interviews with a number of experts, the initial list of the pistachio challenges was
extracted and developed. Then a questionnaire was distributed among the members of the board of researchers and
experts. Accordingly, the content validity of the questionnaire was confirmed. In the next step, the pre-test study
was conducted outside the study population by completing 30 questionnaires. The results of the Cronbach’s alpha
test related to the challenges of application of the PA technologies in precision orchards (o = 0.78) confirmed the
reliability. Finally, the data were analyzed by the use of the SPSS21 software. In the descriptive section, the central
and dispersion statistics were used, and the inferential statistics were used in the exploratory factor analysis.

3. Results and Discussion
3.1. Gardeners' characteristic

The results showed that 74.2% of the respondents were male, and 25.8% were female. The mean age of the
respondents was 42.71 years old, the highest score of responses was 43.5%, being in the 37-45 age group. The
respondents' average work experience was 19.71 year, the highest score of work experience was 43.1%, being in
the 12-21 age group. Among the participants, 62, 9.9, 25, and 12.1% had bachelor, graduate, postgraduate and
doctoral degrees, respectively.

3.2. Prioritizing the Challenges of the PA Application in Pistachio orchards in Semnan Province

The results of the prioritization are presented in Table 1. According to the table, from the respondents’ point
of view, the lack of economic justification for the PA, and from the gardeners' point of view in the area, the
fragmentation of lands and the lack of integrated land management, the lack of the technical infrastructure required
for the PA in the orchards had the highest priorities. Also, the limited PA researches and the gap between research
and extension, the gardeners' poor management in the use of the PA technologies, the lack of consulting services
provided for gardeners were identified as having the least priorities. These results were consistent with the findings
obtained by Barensa et al. (2019a), Mishra et al. (2003), and Kanter et al. (2019).
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Tablel. Prioritization of challenges of PA application in pistachio orchards

Items Mean  Standard  Coefficient  Priority
deviation  of deviation

The lack of economic justification for the PA from the gardeners' point ~ 4.7177 0.5493 0.1164 1

of view on the area

The fragmentation of lands and the lack of integrated land management  4.2903 0.5950 0,1316 2

The lack of technical infrastructure required for the PA in the orchards 4.2823 0.6056 0.1414 3

The traditional gardening that was common in the study area 4.3871 0.6338 0.1414 4

The lack of economic support for gardeners in the implementation of  4.3468 0.6631 0.1525 5

the PA

The low degree of mechanization of gardens 4.3472 0.6635 0.1526 6

Gardeners' lack of knowledge and technical skills in the use of the PA  4.1935 0.7062 0.1684 7

technologies

The high cost of application of the PA technologies 4.3145 0.7365 0.1707 8

The responsible organizations' insufficient attention to the PA in the  3.8145 0.7475 0.1959 9

development programs of the country’s gardens

Insufficient government support to improve the PA 0.2032 0.8344 0.2281 10

Low adaptability of the PA technologies with regard to small gardeners'  3.8710 0.8831 0.2281 11

conditions

Limited number of specialized manpower and the experts' low technical ~ 3.5968 0.8640 0.2402 12

knowledge on the use of the PA technologies

Poor communication, coordination, and cooperation among  4.0323 0.9705 0.2406 13

organizations responsible for the development of application of the PA

in the pistachio orchards

Time consuming application of the PA technology due to the need to ~ 3.9355 1.0339 0.2627 14

provide technical, economic, and educational requirements.

Gardeners' insufficient knowledge about the PA benefits and application ~ 3.6613 0.9950 0.2717 15

Gardeners' low risk-taking for the application of the PA technologies 3.5161 1.0318 0.2934 16

Restrictions about the provision of satellite facilities and equipment 3.7097 1.1026 0.2972 17

The lack of research related to the PA and the gap between research and ~ 3.6210 1.1159 0.3081 18

extension

Gardeners' poor management in the utilization of the PA technologies 3.6210 1.2203 0.3370 19

The lack of delivering consulting services to gardeners 3.2016 1.0590 0.3377 20

3.3. Factor Analysis of the Challenges of the PA Application in Pistachio Orchards in Semnan Province

Given that 20 variables were presented as challenges of the PA application in pistachio orchards in the study
area, the exploratory factor analysis (EFA) was used to reduce the number of variables. First, the KMO and Bartlett
tests were used to ensure the appropriateness of the data. The results showed internal consistency and
appropriateness of the data (KMO = 0.70 and Bartlett = 730.936; Sig = 0.000) for the factor analysis. The
eigenvalue method was used to determine the number of extractable factors. Based on this, the factor with an
eigenvalue greater than one was selected. Based on the results of the factor analysis, four factor that can explain
the variance of all the variables were extracted and after factor rotation by use of the Varimax method, these four

factors were found to lead to 60.013% of the variance changes in the challenges of the PA application in the

pistachio orchards in Semnan province (Table 2).
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Table 2. Factors extracted from factor analysis

Factors Eigenvalue Percentage of variance Cumulative variance
explained percentage

The first factor 4.383 21.915 21.915

The second factor 3.703 18.517 40.432

The third factor 2.722 13.609 54.041

The fourth factor 1.194 5.972 60.013

The results presented in Table 2 show that the first factor with an eigenvalue of 4.383 explains the variance of
21.915% as the most important factor. The variables representing the first factor include: Insufficient government
support to improve the PA, the high cost of application of the PA technologies, the lack of economic justification
for the PA from the gardeners' point of view on the area, the lack of economic support for gardeners in the
implementation of the PA. The variables related to the first factor showed that these variables can be categorized
as the investment and support challenges in the PA implementation. Li et al., (2020) and Barnes et al. (2019b) also
confirmed this finding. The second factor with a variance of 18.517% and accordingly the constituent variables
were categorized as structural challenges. This factor includes the following variables: Low adaptability of the PA
technologies with regard to small gardeners' conditions, the fragmentation of lands and the lack of integrated land
management, the traditional gardening that was common in the study area, the low degree of mechanization of
gardens, the lack of technical infrastructure required for the PA in the orchards, restrictions about the provision of
satellite facilities and equipment, and time consuming application of the PA technology due to the need to provide
technical, economic, and educational requirements. These cases were consistent with the results of Griffin's et al.
(2004), Mishra's et al. (2003), and Ozpinzr and Cay's (2018) studies. The third factor with a variance 13.609%
and accordingly the variables in it are the challenges of providing and developing human resources needs in the
PA implementation. The variables contained in the third factor include: Limited number of specialized manpower
and the experts' low technical knowledge on the use of the PA technologies, gardeners' low risk-taking for the
application of the PA technologies, gardeners' poor management in the utilization of the PA technologies,
gardeners' insufficient knowledge about the PA benefits and application, and gardeners' lack of knowledge and
technical skills in the use of the PA technologies. The results obtained by Tohidyan Far and Rezaei-Moghaddam
(2017), Izadi and Hayati (2013), Yost et al. (2019), and Kountios et al. (2018) also confirmed these results. The
fourth factor with a variance of 5.972% and accordingly its respective variables were categorized as the
organizational and program challenges. The variables representing the first factor include: The lack of research
related to the PA and the gap between research and extension, the lack of delivering consulting services to
gardeners, the responsible organizations' insufficient attention to the PA in the development programs of the
country’s gardens, and poor communication, coordination, and cooperation among organizations responsible for
the development of application of the PA in the pistachio orchards. These results are consistent with those obtained
by Bagheri and Bordbar (2013) (Table 3).

Table 3. Results of rotation of factor by Varimax method

Factor Variables Factor
loading
Investment and Insufficient government support to improve the PA 0.817
support the high cost of application of the PA technologies 0.746
challenge the lack of economic justification for the PA from the gardeners' point of view on the 0.724
area
the lack of economic support for gardeners in the implementation of the PA 0.608
Structural Low adaptability of the PA technologies with regard to small gardeners' conditions 0.866
challenge the fragmentation of lands and the lack of integrated land management 0.834
the traditional gardening that was common in the study area 0.791
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the low degree of mechanization of gardens 0.737
the lack of technical infrastructure required for the PA in the orchards 0.615
restrictions about the provision of satellite facilities and equipment 0.538
time consuming application of the PA technology due to the need to provide technical, 0.442
economic, and educational requirements
Providing and Limited number of specialized manpower and the experts' low technical knowledge 0.682
developing on the use of the PA technologies
human gardeners' low risk-taking for the application of the PA technologies 0.639
resources gardeners' poor management in the utilization of the PA technologies 0.588
challenge gardeners' insufficient knowledge about the PA benefits and application 0.560
gardeners' lack of knowledge and technical skills in the use of the PA technologies 0.446
Organizational ~ The lack of research related to the PA and the gap between research and extension 0.660
and program
challenge the lack of delivering consulting services to gardeners 0.601
the responsible organizations' insufficient attention to the PA in the development 0.486
programs of the country’s gardens
poor communication, coordination, and cooperation among organizations responsible 0.453

for the development of application of the PA in the pistachio orchards

4. Conclusions

The results of prioritizing the challenges of the PA application in the pistachio orchards showed that from the
respondents’ point of view, investment and support challenge was the first priority for gardeners, indicating that
the results of investing in the PA technologies in orchards and the efficiency and profitability of their use for
gardeners are not clear. Therefore, among the necessary measures to expand the application of the PA technologies
are to analyze the costs and benefits as well as to inform gardeners in order to make proper decisions. Also, the
small size of the lands and the lack of integrated land management were determined as the second priority.
Fragmentation, small size, and incoherence in integrated land management, while reducing product efficiency,
will cause more waste of resources and increase production costs, and the continued use of new technologies will
not be justified in pistachio orchards economically. Also, the lack of technical infrastructure required for the PA
application in the pistachio orchards was stated as the third priority in the challenges of application of the PA
technology in the pistachio orchards from the respondent's viewpoint. In order to encourage gardeners to invest
and utilize the PA technologies, the infrastructure, and hardware, software, and network facilities required for the
establishment and application of these technologies that are appropriate to the climatic and geographic conditions
and type of product should be made feasible, studied, and made accessible.

The results of the factor analysis indicated that the challenges of the PA application in the pistachio orchards
in Semnan province were categorized as the fourth group. The first factor was the investment and support challenge.
In order to meet this challenge, while studying the cost-benefits and ensuring economic justification and
investment return in these technologies, gardeners should be justified and encouraged to utilize these technologies.
Also, directing researches towards the necessary equipment was made in-house to reduce the initial investment
costs as much as possible. In addition, the government provided the gardeners with the necessary support using
appropriate policies to spread the PA applications in the pistachio orchards in order to achieve sustainable
agriculture and green productivity, by providing incentive packages. In this case, the gardeners' intention to accept
the PA will be strengthened. The next factor was the structural challenge. Among the important structural and
historical issues of Iranian agriculture are the fragmentation of lands and the lack of integrated land management.
Agricultural land distribution issues are one of the reasons for decreasing productivity and instability of production
in Iranian agriculture. In addition, the traditional system and the low degree of mechanization of orchards have
reduced yields and increased production costs. Also, the traditional nature of the garden system does not allow
application of the PA technologies. Therefore, in parallel with the efforts to integrate lands and their coherent
management, the pistachio orchard system should be reconstructed, mechanized, and modernized by introducing
the PA technologies to increase yield, improve quality, and reduce costs as well as to increase profitability. Also,
necessary research should be conducted in order to appropriately utilize the PA technologies in the conditions for
small gardeners and to provide the necessary infrastructure, facilities, and equipment with suitable prices and
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payment conditions for the application of the PA technologies in pistachio orchards. The third factor was the
challenge of providing and developing the required human resources. To overcome this challenge, capacity
building should be done among agricultural experts and pistachio gardeners. Designing educational programs and
opportunities such as workshops and training visits and apprenticeships for agricultural experts can increase their
knowledge and skills, resulting in an improvement in their attitude towards precision agricultural technologies. If
agricultural experts are empowered, they can transfer the PA information and knowledge to gardeners as well as
train them. The application of the PA technologies requires a high level of knowledge, skills, and the desired
attitude. Therefore, technical knowledge and skills have been one of the necessary requirements for the application

of the PA technologies. The fourth factor was the organizational and programming challenge. Another weakness
is related to the lack of attention to the organizational structure of the public sector in order to develop the PA
technologies and the lack of a well-codified and approved program in this field. The lack of applied research and
adoption caused the weak performance of the agricultural extension sector. Also, the executive and support
departments were deprived of any strategic and operational plan for the PA with little attention in practice. In fact,
the lack of a program, the lack of cooperation, and the inconsistency between the respective organizations and
departments have caused the PA and its technologies in pistachio orchards do not be developed and expanded. If
these challenges have not been overcome, Iranian pistachio orchards will face with more problems, such as
decreased productivity and profitability, instability, and environmental and climatic hazards. It should be noted
that one of the limitations of the present study included the use of questionnaire as a research tool in which there
was the possibility that the respondents make mistakes when answering the questions, cross-sectional research,
inability to fully control all unwanted variables, and non-generalizability of the results of the study to other areas.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Harmful and Benefical Insects Species Determined in Sugar Beet Areas in Cayirh
District of Erzincan Province and Short Biology of Spodoptera exigua (Hbn.)
(Lepidoptera: Noctuidae)

Erzincan Ili Cayirli Ilgesi’nde Seker Pancar1 Alanlarinda Tespit Edilen Zararli ve Faydali
Bocek Tirleri ve Spodoptera exigua (Hbn.) (Lepidoptera: Noctuidae) nin Kisa Biyolojisi

Ekin TEYMUROGLU', Saliha CORUH*"

Abstract

This study was conducted between 2019-2020 in Erzincan Province Cayirli District to reveal beneficial and
harmful species and the biology of Spodoptera exigua (Hbn.) (Lepidoptera: Noctuidae), which is an important pest
in sugar beet cultivation area. The study area designated as “Erzincan Cayirli Beet Production Area” (ECPUA)
has many beet cultivation areas. The beet production obtained from these beet fields changes according to the
years, but is also noteworthy for both the region and our country. This area, sugar beet does not only bind the
farmers to their field and their villages, provide work and employment opportunities to all family members, but it
also is an important plant with its by-products all of which are processable. At the end of the study, five different
harmful insect species belonging to the orders Orthoptera, Hemiptera, Coleoptera, Lepidoptera and 22 species
[Coccinella septempunctata Linnaeus, Hippodamia variegata (Goeze), Psyllobora vigintiduopunctata (Linnaeus),
Syrphus sp., Sphaerophoria scripta (Linnaeus), Sphaerophoria turkmenica Bankowska, Eristalinus aeneus
(Scopoli), Tipula sp., Cotesia glomerata (Linnaeus), Exeristes roborator (Fabricius), Endromopoda phragmitidis
(Perkins), Enicospilus merdarius (Gravenhorst), Exetastes laevigator (Villers), ltoplectis viduata (Gravenhorst),
Exetastes laevigator (Villers), Itoplectis viduata (Gravenhorst), Lissonota (Loxonota) histrio (Fabricius,)
Lissonota (Loxonota) flavovariegata Lucas, Ophion pteridis Kriechbaumer, Pimpla spuria (Gravenhorst),
Scambus nigricans (Thomson), Scambus brevicornis (Gravenhorst), Sinophorus nitidus (Brischke) and
Chrysoperla carnea (Stephens)] belonging to the orders Neuroptera, Coleoptera, Diptera and Hymenoptera were
determined on the sugar beet plant. Among the pest species, the biology of the Spodoptera exigua (Hbn.), known
as "caradrina" has been observed and the biological stages of the Agrotis segetum (Schiff.) which is in the
secondary pest status have been followed. Damage patterns and densities of other pests (Cassida nebulosa
Linnaeus, Aphis fabae (Scopoli), and Gryllotalpa gryllotalpa Linnaeus) were also tried to be revealed. Sinophorus
nitidus (Brischke) collected in the study area which belonging to the family Ichneumonidae is determined as our
new record for East Anatolia.

Keywords: Sugar beet, Spodoptera exigua (Hbn.), Biology, Erzincan, Cayirli
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Oz

Bu caligma 2019-2020 yillar1 arasinda Erzincan 1li Cayirh ilgesi seker pancari ekim alanlarinda faydal ve zararh
bocek tiirleri ile dnemli bir zararli olan Spodoptera exigua (Hbn.) (Lepidoptera: Noctuidae)’nin kisa biyolojisini
ortaya koymak icin yapilmistir. “Erzincan Cayirli Pancar Uretim Alan1” (ECPUA), olarak belirlenen caligma
bolgesi pek ¢ok pancar ekim alanina sahiptir. Bu pancar alanlarindan yillara gore degismekle birlikte elde edilen
pancar iiretimi de hem bolge hem de iilkemiz igin kayda deger durumdadir. Bu bélgede seker pancari, ¢iftcileri
tarlalarina ve koylerine baglamakla kalmay1p, tiim aile bireylerine is ve istihdam olanag1 saglayan, ayni zamanda
tamami iglenebilir yan driinleriyle de degerli bir bitki durumundadir. Caligma sonucunda, pancar bitkisinde
Orthoptera, Hemiptera, Coleoptera ve Lepidoptera takimlarina ait bes zararli, Neuroptera, Coleoptera, Diptera ve
Hymenoptera takimlarina ait 22 yararl tiir [ Coccinella septempunctata Linnaeus, Hippodamia variegata (Goeze),
Psyllobora vigintiduopunctata (Linnaeus), Srypus sp., Sphaerophoria scripta (Linnaeus), Sphaerophoria
turkmenica Bankowska, Eristalinus aeneus (Scopoli), Tipula sp., Cotesia glomerata (Linnaeus), Exeristes
roborator (Fabricius), Endromopoda phragmitidis (Perkins), Enicospilus merdarius (Gravenhorst), Exetastes
laevigator (Villers), Itoplectis viduata (Gravenhorst), FExetastes laevigator (Villers), [toplectis viduata
(Gravenhorst), Lissonota (Loxonota) histrio (Fabricius,) Lissonota (Loxonota) flavovariegata Lucas, Ophion
pteridis Kriechbaumer, Pimpla spuria (Gravenhorst), Scambus nigricans (Thomson), Scambus brevicornis
(Gravenhorst), Sinophorus nitidus (Brischke) and Chrysoperla carnea (Stephens)] tespit edilmistir. Zararl tiirlerin
arasinda halk arasinda “karadrina” olarak bilinen Spodoptera exigua (Hbn.)’nin bolgedeki biyoloji ile ilgili
gozlemler yapilmis, sekonder zararli durumunda olan Agrotis segetum (Schiff.)’un biyolojik dénemleri takip
edilmistir. Tespit edilen diger zararhilarin (Cassida nebulosa Linnaeus, Aphis fabae (Scopoli) ve Gryllotalpa
gryllotalpa (Linnaeus) da zarar sekilleri ve yogunluklart belirlenmeye calisilmistir. Calisma alanindan atrapla
toplanan yararl tiirlerden Ichneumonidae familyasina ait Sinophorus nitidus (Brischke) tiirii calisma bdlgesi i¢in
yeni kayaittir.

Anahtar kelimeler: Sekerpancari, Spodoptera exigua (Hbn.), Biyoloji, Erzincan, Cayirh
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1. Introduction

“Sugar beet” from which sugar is extracted has a strategic importance throughout the world within the scope
of agriculture. In addition to being an essential nutrient, sugar has also become a preserved product due to its
contribution to agricultural production and employment as well as its by-products (Akbay, 2003; Erding, 2017;
Estiirk, 2018; Konyali, 2019).

Approximately 28% of sugar production in the world is derived from sugar beets and 72% is extracted from
sugarcanes. There are differences between the sugar extracted from sugar beet and sugarcane in terms of quality.
However, the sugarcane that can only be grown in the tropical and sub-tropical regions can be produced at a low
cost when compared with sugar beets, and they also have a low processing cost. Due to such reasons, sugar extracted
from sugar canes has a low cost production (Kaya, 2015).

It is assumed that Turkey, Syria, Palestine and Egypt are the centres of origin of this plant, and then it has
spread on to other countries. Its tuberous root is very delicious and extremely good for health, and it’s a root
vegetable that grows under soil (Anonymous, 2020).

Sugar beet is a biennial crop that comes from the Amaranthaceae family and sugar is extracted from its fleshly
root. The first year is the vegetative growth and the second year is the generative growth of its organs. Its seeds
are found in compound form. Its top flowers grow together in bunches and they are green. A small part of their
roots are visible from outside. It starts in the form of a cylindrical body with yellowish-white colour on the outside
and white inside, and then it takes a conical form (Anonymous, 2008a,b).

There are important economic pests of sugar beet plants. Among them Spodoptera exigua (Hbn.) (Lepidoptera:
Noctuidae), is a very common species due to damage and host partnership in the world (Hassanein et al., 1972;
Aarvik, 1981; Stewart et al., 1996). It is a known as “sugar beet leaf worm”, “beet armyworm”. In the study area
it is names is “caradrina”. Especially sugar beet, sunflower potato, cotton, beans, clover, melon, watermelon, is
among the preferences of the pest (Kiray, 1964; Iyriboz, 1971; Yildirim et al., 1998; Atlthan and Ozgdkge, 2003;
Atlihan et al., 2003).

Unfortunately is that, the fight against the pests in the sugar beet fields is mainly carried out by using chemicals.
The irreparable problems brought about due to use of such methods are affecting the diversity in the eco-system
and they result in the disturbance of natural balance.

Based on such importance, “Erzincan Cayirli Sugar Beet Production Areas”, plots of land never been studied
upon before, have been chosen as the study area of this research and It has been tried to put forth new findings in
this study.

Some observations have been carried out in the region in relation to the biology of Spodoptera exigua (Hbn.),
a major insect pest that threatens the beet crops and the biological phases of Agrotis segetum (Schiff.) which is a
secondary harmful insect. In the meantime, it has also been tried to determine some beneficial species that visit
the beet crops.

2. Materials and Methods
2.1. Material

This study has been carried out in the province of Erzincan (Figure 1), district of Cayirlt and is based on the
sugar beet production areas located within the mentioned district. The harmful and beneficial insect species that
have been determined constitute the materials of this study.
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Figure 1. Map showing the location of Erzincan province

2.2. Method
2.2.1. Field study

This study continued between 2019-2020, and the materials of this study are the samples that have been
collected from the different fields (420) in the region known as “Erzincan Cayirli Beet Production Area” (ECPUA)
between April and September (Figure 2).

Figure 2. Some views from the study areas

The province of Erzincan, located in the Yukari Firat Part of the Eastern Anatolia Region, is surrounded by the
province of Erzurum in the east, Bing6l in the south-east, Bayburt and Giimiishane in the north, Giresun in the
northwest, Sivas in the west, Tunceli in the south and Elazig and Malatya districts in the southwest. It measures
11903 m>.

The landforms of Erzincan province consists of the mountain ranges lined up in the north and south, and Karasu
valley and Tercan and Erzincan plains lie along this valley. The heights of the mountainside partly exceed 3000
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m, and the mountains occupy 60% of the territories of the province. In the north are the Otlukbeli, Esence and
Cimen mountains, the extensions of the Kop Mountains are lined up from east to west. The summits of the
Otlukbeli Mountains also form the waterline which separates Yesilirmak and Firat basins from each other. The
highest point of such mountainous area reaches 3549 in Kesis Mountain. The Munzur chain extended in the
southern part of the province forms the boundaries of Tunceli and Erzincan. The Ergani Mountain (3256 m),
Akbaba mount (3463 m), Bakil mountain (2826) and Hel mountain (3196 m) are some of the important elevations
(Karadeniz, 2016).

Cayirli is located in the northeast of Erzincan province (Figure 2). It measures 1480 km? with an altitude of
1520 meter. Tercan and Askala districts are located in the east, and the central district of Erzincan is located in the
west. It neighbours Bayburt province, Otlukbeli district in the north, and central district of Erzincan and Tercan
districts in the south. Its landform is fragmental, rough and bare. It is surrounded by Kesis, (Esence), Spikkor and
Cosan mountains. Balikli Dorum and Mans streams flow into Karasu River that lines the boundaries of the district.
Irrigated farming is practised in the district, though not much. There are plains, huge meadows and plateaus.
Winters are very cold and long, summer seasons are short in the district (Anonymous, 2019).

The harmful species that give harm to beet fields have been determined and of such species, the biology of
Spodoptera exigua in public has been observed in the region. Agrotis segetum (Denis & Schiffermiiller)
(Lepidoptera: Noctuidae), has also been scrutinized as a secondary pest in the region. Time of the day between
11% and 16% has been preferred for collecting the beneficial species and sweep netting has been used for collecting
such species. The samples were preserved in alcohol in boxes and brought to the laboratories. Ekin Teymuroglu
collected all the samples and took their photographs.

Biological observations have been carried out in 20 fields varying from 5 dacare minimum and 50 dacare
maximum in size within the study area. For the purpose of designation of the rate of spread in the fields, 10 fields,
each approximately measuring 5 dacare, have been picked randomly, and by avoiding the edges of the fields that
are not used in cultivation, from 200 sugar beets lined up diagonally in every 50 metres, 20 control beets have
been spotted as control plants. Encountering 5-10 harmful eggs or larvae in each of these 20 plants has been
considered “high density”, the spread in half of those 20 plants has been considered “average density” and
observation of such pests in 4 of those 20 plants has been considered “low density”.

2.2.2. Laboratory studies

Of the samples taken from the harmful species (Spodoptera exigua (Hbn.), Agrotis segetum (Schiff.), Cassida
nebulosa L., Aphis fabae (Scopoli) and Gryllotalpa gryllotalpa (L.) and all parasitoids and predator species in the
laboratories, the harmful ones have been cultivated, and the beneficial samples have been assessed according to
their distinctive taxonomic characters and they were segregated under sub-families and then stored.

Various sources and experts were used in the identification of the samples.
3. Results and Discussion

In this study, we here report five different insect pests belonging to Lepidoptera, Coleoptera, Hemiptera and
Orthoptera orders, and 22 different beneficial species belonging to Hymenoptera, Diptera, Neuroptera and
Coleoptera orders were found in the beet crops.

One of the beneficial insect species, Sinophorus nitidus (Brischke, 1880) from Ichneumonidae family, collected
in the study area by sweep netting, has been noted as a new record for the Erzincan. Harmful species are shown in
Table 1.

Spodoptera exigua (Hiibner) (Beet Armyworm (Caradrina))
In the summer of 2019, caradrina caused epidemic in the study field and its harm exceeded 100%. In the same
year, the biology of the pest has been observed and some data has been obtained.

Morphology of Caradrina:
Egg:

Female moths have left their eggs in the form of packages. Eggs are 0.3-0.4 mm in diameter. When looked
from above, they are circular or compressed, slightly pointed towards the edges. Their colour is whitish or greenish.
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Its top is covered with a blurry or waxy material (Figure 3a).

Table 1. Harmful insect species identified in Cayiwrli District of Erzincan Province

Species Spread
Spodoptera exigua (Hbn.) High Density
Sugar beet Leafminer
(Caradrina)
Agrotis segetum (Schiff.) High Density
(Turnip Moth)
Cassida nebulosa L. Average Density

Tortoise Beetle

Aphis fabae (Scopoli) Low Density
Black Bean Aphid
Gryllotalpa gryllotalpa L. Low Density
Mole Cricket

Larvae:

The newly hatched larvae look naked and transparent, and they are light green with a slightly big head that is
rather dark green. A very light strip in its body colour starts forming in the larvae that grow with the third stage.
As the larvae grow, this strip gets darker and becomes distinct. Larvae are naked and when touched, they coil up
with a sudden reflex and sometimes they throw themselves. While the height of newly hatched larvae is (over 10
samples) close to 1 mm, they reach approximately 2.2 in the second stage; 8, 3 in the third stage (Figure 3b-¢); 13
mm in the fourth stage and up to 22 mm in the final stage (Figure 3b-e).

As the larvae grow bigger, they have lost their mobility, but on the contrary their feeding capability has
increased. Devouring caradrinas continued their feeding from one plant to another.

Pupae:

Larva transforms into pupa under soil. Pupae have a mummy-like form, they are dark brown, 18-20 mm long
and have two sharp barbs on the edge (Figure 3f,g).

Adult:

They are grey-brown or darker. They have spots and zig-zag strips on their front wings. Again, they have a
kidney-shaped spot and a circular spot on the front wing which spots are darker than the wing itself. Their wingspan
is 25-30 mm; they’re 20-25 mm in length. Rear wings are light grey or light brown with dark coloured line formed
on their edges.

Biology of Caradrina:

Spodoptera exigua have spent the winter in soil in pupation in the study field, and the adults have appeared as
the weather got warmer and they have mated and laid their eggs. The first appearance of took place on 3rd May
2019. The larvae acted and fed themselves collectively until the third stage, and after the third stage, they continued
feeding separately. It has been noted that during the fourth and the fifth stages whereby they fed separately, they
have become most harmful.

By the end of the fifth larvae stage, we have noted that their feeding activities have stopped and larvae went
10 cm down in the soil and started pupation in a chamber they made. Starting from 3rd May, the larvae stage was
completed by 18th May, lasting 15 days. As of 18th May, pupation stage started and continued until 8th June,
taking 21 days (Table 2).
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g h
Figure 3. Spodoptera exigua (Hbn.): a) eggs, b-e) larvae, f,g) pupae, h,i) adults

The adult stage observed on 8th June continued until 1st July. The reason the life cycle of an insect lasts a short
time is the suitable climate for the pest and the freshness of the host plant on which the S. exigua feeds itself. In
other words, the pest keeps its life cycle short, striving to breed more.

In conclusion, it has completed two generations in the study area.

Table 2. Life cycle of Spodoptera exigua (Hbn.) in Cayirli District

Stage Between
Larvae Stage 03.05.2019
18.05.2019
Pupae Stage 18.05.2019
08.06.2019
Adult Stage 08.06.2019
09.06.2019
Egg Stage 10.06.2019
01.07.2019

Humidity and temperature ratings of the S. exigua within their life time have also been given (Figure 4).
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Figure 4. Average temperature and humidity rates in Erzincan Cayirlt

Harms of Caradrina:

The S. exigua intensely fed itself during the five stages it has gone through. As the larvae grew bigger,
their feeding rate has increased (Figure 5).

Figure 5. Spodoptera exigua (Hbn.) disinfection
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Agrotis segetum (Schiff.) (Turnip Moth)

A. segetum observed almost everywhere in our study area, started giving harm to the beet crops biting their
root crown when the beet had 2-4 leaves. By cutting it from the bottom of its leafstalk and pulling it inside the soil,
the pest leaves the crop naked (Figure 6). They have also eaten the leaves of other crops either entirely or leaving
the median vein only. By also giving harm to the parts of the plants under soil, they have caused impaired the
productivity and quality.

Figure 6. Larvae of Agrotis segetum (Schiff.)

It is among our determinations that the pest is only active during the night time. A very high damage has been

observed in the study area. Some short observations have also been conducted in relation to A. segefum biology
(Table 3).

Table 3. Agrotis segetum (Schiff.) life time

Stage Between
Larvae Stage 04.05.2019
21.05.2019
Pupa Stage 21.05.2019
12.06.2019
Adult Stage 12.06.2019
25.06.2019
Egg Stage 26.06.2019
15.07.2019

Cassida nebulosa Linnaeus, 1758 (Tortoise Beetle)

It has been observed that the adults opened up holes in the seedlings and on the leaves of young beet crops,
eating the lower epidermis and epithelium of the leaf, leaving it full of holes like lace. The “average” rate of spread
has been observed in the study area.

Aphis fabae (Scopoli, 1763) (Black Bean Aphid)

Black bean aphid was observed while feeding on the beet leaves, however it has been observed that its rate of
spread was “under the average” (Figure 7).

Figure 7. Aphis fabae (Scopoli)
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Gryllotalpa gryllotalpa Linnaeus, 1758 (Orthoptera: Gryllotalpidae)

It has been observed that pests opened up passages under soil, and gave harm to sugar beet by cutting its roots.
A “low-density” spread rate has been noticed in the study area.

Beneficial Species Detected on Beet Crops in Erzincan Caywrl:

Such identification has been carried out in the beet fields that form the study area, between April and September
in 2019 and 2020 by using sweep net sampling (Table 4, Figure §8).

Of the identified species, Sinophorus nitidus (Brischke, 1880) is a new record for the Ichneumonidae family in
East Anatolia. With this new record, the number of Ichneumonidae species in Turkey has reached 1439 (Dogru,
2022).

Table 4. Beneficial insect species identified in sugar beet fields in Caywrl district

Species Family Order
Coccinella septempunctata Linnaeus, 1758 Coccinellidae COLEOPTERA
Hippodamia variegata (Goeze, 1777) Coccinellidae Coleoptera
Psyllobora vigintiduopunctata (Linnaeus, 1758) Coccinellidae Coleoptera
Srypus sp. Syrphidae DIPTERA
Sphaerophoria scripta (L., 1758) Syrphidae Diptera
Sphaerophoria turkmenica Bankowska, 1964 Syrphidae Diptera
Eristalinus aeneus (Scopoli, 1763) Syrphidae. Diptera

Tipula sp. Tipulidae Diptera

Cotesia glomerata (Linnaeus, 1758) Braconidae HYMENOPTERA
Exeristes roborator (Fabricius, 1793) Ichneumonidae Hymenoptera
Endromopoda phragmitidis (Perkins, 1957) Ichneumonidae Hymenoptera
Enicospilus merdarius (Gravenhorst, 1829) Ichneumonidae Hymenoptera
Exetastes laevigator (Villers, 1789) Ichneumonidae Hymenoptera
Itoplectis viduata (Gravenhorst, 1829) Ichneumonidae Hymenoptera
Lissonota (Loxonota) histrio (Fabricius, 1798) Ichneumonidae Hymenoptera
Lissonota (Loxonota) flavovariegata Lucas, 1849 Ichneumonidae Hymenoptera
Ophion pteridis Kriechbaumer, 1879 Ichneumonidae Hymenoptera
Pimpla spuria (Gravenhorst, 1829) Ichneumonidae Hymenoptera
Scambus nigricans (Thomson, 1877) Ichneumonidae Hymenoptera
Scambus brevicornis (Gravenhorst, 1829) Ichneumonidae Hymenoptera
*Sinophorus nitidus (Brischke, 1880) Ichneumonidae Hymenoptera
Chrysoperla carnea (Stephens, 1836) Chrysopidae NEUROPTERA

* New record for the Turkish fauna

4. Conclusions

“Sugar” is an important nutrient in Europe and is extracted from sugarcane (72%) and sugar beet (28%) (Ozgiir,
2015). Sugar beet (Beta vulgaris L.) from which sugar is extracted is a biennial industrial plant, the origin of which
is Central Europe (Sunulu et al., 2020).

While 301 million tons of sugar beet is produced on a 4.8 million hectare of land worldwide, the production in
our country is 20,8 million tons on a land of 338.826 hectare (Anonymous 2020). Both in the world and in our
country, biotic and abiotic factors, climate change play role in the occurrence of various pests in the production of
sugar beet and thus in loss of products (Cetin et al., 2020; Sunulu et al., 2020).

By the end of this study, sugar beet pests, particularly Spodoptera exigua (Hbn.) which we know as “caradrina”,
and other pests, namely Agrotis segetum (Schiff.), Cassida nebulosa L., Aphis fabae (Scopoli) ve Gryllotalpa
gryllotalpa L. have been observed in Erzincan Cayirli Beet Production Areas which have been chosen as the field
of study, during 2019-2020. Also, 22 beneficial species from Neuroptera, Coleoptera, Diptera and Hymenoptera
orders which are shown in 7able 4 have been identified.

Biological observations have been carried out on Spodoptera exigua and Agrotis segetum which were recorded
as harmful pests. Their rate of spread has been determined and it has been concluded that caradrina caused harm
on an epidemic level within 2019.
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Besides, the spread rate of Cassida nebulosa encountered in the field of study has been considered medium,
and this rate in Aphis fabae and Gryllotalpa gryllotalpa has been considered low in density.

Many studies have been and are still being carried out on sugar beet pests both in our country and in the world.
There are many pests that are considered sugar beet pests and listed as pests that have economic importance.

Ozgiir (2015) have listed such pests as beet cyst nemotade, leaf worms, soil worms, beet bugs, wireworms,
curculio, tortoise beetle, alder blight, and red spider mite and beet moth.

Among these pests, the most significant one that sometimes causes economic losses is Spodoptera exigua
which is also known as “Caradrina”. It’s a tropical crop pest originating from South Eastern Asia (Capinera 2008).
Caradrina is a polyphagous pest that has effect on more than 170 plant species from 135 families including cotton,
corn, sugar beet and sunflower (Zheng et al., 2011).

Figure 8. Hymenoptera species identified in this study

This pest has reached epidemic proportions in Central Anatolia Region in 2014, and fight against this pest had
to be undertaken on land of 757.906 hectare (Anonymous, 2014).

Atlihan et al. (2003), established in their studies that the pests caused epidemic in 1998, and reached their
highest population within the season by the end of June in Ercis district and in the beginning of July in Muradiye
district, and their population rate in 1999 was quite low. The year of epidemic and the stagnancy in the following
year have parallels in that study.

When compared with the studies held both in our country and the in the world, It has also been noted in our
study that caradrina that threatens sugar beet, is a major pest, and it caused pandemic in 2019.

It has been observed that Caradrina that has more than 170 species of hosts in a total of 152 countries located
in Africa, Asia, Euro, North America and in the Oceans has produced two generations in one year in our region.
However, it has been notified that the number of generations has gone up to 5 in warmer areas (Capinera, 2008).
Under the circumstances of Central Anatolia such as in Konya, 3 generations of pests have been observed (Kaya,
2019).

It has been noticed that in 2020 during which the pest has not caused epidemic, there was no need for the use
of chemical pesticides, and this fact has also been backed up by other studies (Sunulu et al., 2020). While the pest
completed its life time in 21 days, in this study it has been found that it has completed one stage in 57 days.
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In addition to all these, it has been tried to identify the types of insects collected in beet fields for two years by
means of sweep net sampling, and beneficial species that have been identified, have also been included in this
study.

Such beneficial specifies fall under four different insect orders. Chrysoperla carnea; Coleoptera order,
Coccinella septempunctata, Hippodamia variegata, Psyllobora vigintiduopunctata are noted under Neuroptera
order ; Srypus sp., Sphaerophoria scripta, S. turkmenica, Eristalinus aeneus ve Tipula sp are noted under Diptera
order; Cotesia glomerata, Exeristes roborator, Endromopoda phragmitidis, Enicospilus merdarius, Exetastes
laevigator, Itoplectis viduata, Ophion pteridis, Pimpla spuria, Scambus nigricans, S. brevicornis and Sinophorus
nitidus are noted under Hymenoptera order.

Among such species, Hymenoptera ranks the first in terms of density by 61%, and it is followed by Diptera
species by 22%, Coleoptera by 13 % and Neuroptera by 4%. Within Hymenoptera, Ichneumonidae family is one
identified with the highest number of species (Figure 9). Chrysoperla carnea, Coccinella septempunctata, Cotesia
glomerata, Exeristes roborator ve Pimpla spuria are the most encountered species.

Neuroptera Coleoptera
% 4 % 13

Diptera
% 12

Hymenoptera
% 61

Figure 9. Rates of beneficial insects identified in this study

Of the Ichneumonidae species, while Endromopoda phragmitidis, Enicospilus merdarius, Exetastes laevigator,
Itoplectis viduata, Lissonota (Loxonota) histrio and Scambus brevicornis and Sinophorus nitidus (Brischke, 1880)
have been new records for the province of Erzincan.

Studies on the determination of harms of caradrina on sugar beet in our country are quite limited. There has
been no such extensive study held in this region before.

This study will shed light on and provide fundamental data for the studies that will be undertaken in relation
to sugar beet and integrated pest management.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Do the Sociodemographic Factors and Body Mass Index Have an Impact on Food Safety
Knowledge, Attitudes and Practices?

Sosyodemografik Faktorler ve Beden Kiitle indeksinin Gida Giivenligi Bilgisi, Tutum ve
Davranislar1 Uzerine Etkisi Var Midir?

Semra NAVRUZ VARLI", Saniye BILICT?
Abstract

It was aimed to evaluate the relation between food safety knowledge, attitude, and behavior, with some socio-
demographic factors and body mass index (BMI). The study was conducted on 1647 volunteer university students
(1243 females and 404 males) attending at various universities in Ankara, Turkey. The data was collected via a
questionnaire applied face to face interview which consisted of totally 95 items on demographic information (15
items), food safety knowledge (40 items), food safety attitude (15 items), and food safety behavior (25 items).
Weight and height of the students were measured by the researches, and BMI was calculated and evaluated using
World Health Organization classification. Food safety knowledge scores (FSKS) (27.3£5.54 versus 25.1+5.64,
p<0.001), food safety attitude scores (FSAS) (14.5+4.02 versus 12.6+4.36, p<0.001) and food safety behavior
scores (FSBS) (14.5+4.02 versus 12.6+4.36, p<0.001) were found to be statistically higher in women than males.
Total FSKS, FSAS, and FSBS were significantly higher in the students educated in the field of health compared
to others. FSKS, FSAS, and FSBS of the obese group were significantly lower than normal weight and underweight
groups. As BMI increased, FSKS, FSAS, and FSBS were significantly decreased (r=-0.106, p<0.001; r=-0.130,
p<0.001; r=-0.095, p<0.001, respectively). The results of this study reveal the gender and BMI differences on food
safety knowledge, food safety attitudes, and food safety practices, and also has shown positive impact of health
education status. In order to increase food safety knowledge and to reflect this knowledge on attitudes and
behaviors, it is thought that it will be beneficial to give priority to male students, students in the obese group, and
students studying in the field of social and science in the trainings to be planned on the subject.
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Oz

Bu ¢alismada, tiniversite 6grencilerinin gida giivenligi bilgi diizeyi, tutum ve davranislari ile bazi sosyodemografik
faktorler ve beden kiitle indeksi (BKI) arasindaki iliskinin degerlendirilmesi amaglanmistir. Arastirma
Ankara’daki gesitli iniversitelerde egitim almakta olan 1243 kiz ve 404 erkek olmak iizere toplam 1647 goniilli
ogrencinin katilimi ile gerceklestirilmistir. Calisma verileri yiizyiize goriisme yontemi ile demografik bilgiler (15
madde), gida giivenligi bilgileri (40 madde), gida giivenligi tutumu (15 madde) ve gida giivenligi davranislart (25
madde) ile ilgili bilgileri iceren toplam 95 maddeden olusan bir anket aractligiyla toplanmustir. Ogrencilerin viicut
agirhig ve boy uzunlugu dlgiimleri arasgtirmacilar tarafindan alinarak BKI hesaplannus ve Diinya Saglhk Orgiitii
siniflamasi kullanilarak degerlendirilmistir. Kadinlarda gida giivenligi bilgi puani (GGBP) (27.3+5.54 karsin
25.145.64, p<0.001), gida giivenligi tutum puani (GGTP) (14.54+4.02 karsin 12.6+4.36, p<0.001) ve gida giivenligi
davranig puan1 (GGDP) (14.5+4.02 karsin 12.6+4.36, p<0.001) erkeklerden istatistiksel olarak anlaml diizeyde
daha yiiksek bulunmustur. Toplam GGBP, GGTP ve GGDP’nin saglik alaninda egitim alan 6grencilerde diger
alanlara kiyasla anlamli diizeyde daha yiiksek oldugu saptanmistir. Zayif ve normal viicut agirliginda olanlarla
karsilastirildiginda, obez grupta yer alan dgrencilerin gida giivenligi bilgi, tutum ve davranislarinin her ii¢iinden
de aldiklar1 puan ortalamalarinin istatistiksel olarak anlamli derecede daha diisiik oldugu belirlenmistir. Beden
kiitle indeksi arttik¢a gida giivenligi bilgi, tutum ve davranis puanlarmin timiiniin istatistiksel olarak 6nemli
diizeyde azaldig1 belirlenmistir (sirastyla, r=-0.106, p<0.001; r=-0.130, p<0.001; r=-0.095, p<0.001). Calismanin
sonuglart gida giivenligi bilgi, tutum ve davranislari {izerine cinsiyet ve BKI farkliliklarmi ortaya koydugu gibi
saglik egitiminin pozitif etkisini de gostermistir. Gida giivenligi bilgisinin arttirilmasi ve bu bilginin tutum ve
davraniglara yansitilmasi i¢in konuyla ilgili planlanacak egitimlerde 6zellikle erkekler, obez grupta olan 6grenciler
ve sosyal/fen alaninda egitim alan &grencilere 6ncelik verilmesinin yararli olacag: diistiniilmektedir.

Anahtar Kelimeler: Gida giivenligi, Bilgi, Tutum, Davrams, Universite grencileri
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1. Introduction

Foodborne diseases are a public health concern and The World Health Organization (WHO) reports that
approximately 600 million people, 1 in 10 people in the world, fall ill after eating contaminated food and 420 000
die every year (WHO, 2020). Centers for Disease Control and Prevention (CDC) estimates that 1 in 6 Americans
suffer from contaminated foods or beverages, and 3000 people die from foodborne diseases each year. The US
Department of Agriculture (USDA) estimates that foodborne diseases have a burden of $15.6 billion each year to
the economy (CDC, 2021). In addition, foodborne diseases constitute one of the most important causes of
morbidity and mortality worldwide (Havelaar et al., 2015).

Food safety knowledge is important to prevent foodborne illness. Prevention of foodborne illnesses is one of
the primary responsibilities of not only food retails also for each consumer (Courtney et al., 2016; Schwartz, 1975).
In some of the studies investigating the relationship between food safety knowledge, attitudes and behaviors, it
has been reported that the behavior or practice of the individual depends on the knowledge of the individual, and
there is a change in attitudes and behaviors by just providing knowledge (Rennie, 1995; Lim et al., 2016). On the
contrary, some of the studies reported that knowledge, attitudes and behaviors are not positively related (Huang,
1995; Lima et al., 2016; Wilcock et al., 2004; Clayton et al., 2002). Recognizing that knowledge is essential to
safe food handling, many studies have focused on improving the food safety education of consumers (Garayoa et
al., 2005; Lin et al., 2005).

Although public awareness and concern about food related risks and diseases is increasing (Kaynarca ve
Giimiis, 2020), the domestic food handlers still have not adequate food safety knowledge leading to inappropriate
food handling practices (Farahat et al., 2015; McCarthy et al., 2007). Food safety knowledge and behaviors are
being investigated as a priority among university youth whom are domestic food handlers and also parents of
future (Lazou et al., 2012; Hassan and Dimassi, 2014; Sharif and Al-Malki, 2010; Ferk et al., 2016; Yarrow et al.,
2009; Stein et al., 2010; Osaili et al., 2011; Sanlier and Konaklioglu, 2012; Garayoa et al., 2005; Al-Shabib et al.,
2017; Byrd-Bredbenner et al., 2007). In a study conducted with 867 female students (mean age 20.07+1.81), it
was shown that there was a positive relationship between food safety knowledge scores and class (Osalili et al.,
2011). In a study conducted on totally 1340 students (18-24 years of age) in Turkey, it was determined that there
was a positive correlation between attitudes and practices (Sanlier and Konaklioglu, 2012). In a study conducted
in Spain with 562 university students (mainly in health sciences), it was found that students with high level of
knowledge about food hygiene made better practices, but even these students were reported to show some high-
risk behaviors related to food safety (Garayoa et al., 2005). In a study conducted on a total of 808 university
students (average age 21.1 + 2.9) in Saudi Arabia, it was found that both male and female students exhibited
comparable food safety knowledge and practices (Al-Shabib et al., 2017). In another study, researchers at Rutgers
University reported that when they go to the homes where university students live, they evaluate the food safety
and that the kitchens of these houses support the development and transport of foodborne pathogens (Byrd-
Bredbenner et al., 2007).

In university student’s dietary habits usually depend on lecture schedules attended by students and availability
of food inside or in the vicinity of the university campus (Bernardo et al., 2021). As a result of the expansion in
the fast-food market and lack of appropriate food courts, students usually skip meals, have inadequate variety of
foods, and unhealthy snacking that causes obesity (Vila-Marti et al., 2021; Bernardo et al., 2021; Beaudry et al.,
2019; Martinez-Gonzalez et al., 2014). The beginning of the university matches with more freedom and
independence and is often the first time that young people assume the responsibility to choose and prepare foods
(Vila-Marti et al., 2021; Bernardo et al., 2021; Obande and Young, 2020; Yahia et al., 2008)

The Turkish society is a young society. University students represent the youthful age population of a
community, and are prone to unhealthy eating habits and foods which might affect their wellbeing (Konyali, 2019).
It is reported that university students are more likely to perform risky food processing practices (Smigic et al.,
2021) due to their future role as home makers, cooks and food handlers (Al-Shabib et al., 2017). In addition,
considering the prevalence of obesity epidemics, which are common in university students, in this study it is aimed
to investigate the relationship between food safety knowledge, attitude and behavior and some sociodemographic
characteristics and BMI.
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2. Materials and Methods
2.1. Study design

This cross-sectional study was conducted on 1647 university students, including 404 males and 1243 female
attending at various universities in Ankara, capital of Turkey. In this study, a probabilistic sampling method was used
to represent the population. The participation of students in this study was conducted on a voluntary basis. The data
was collected via a questionnaire applied face to face interview which consisted of totally 95 items on demographic
information (15 items), food safety knowledge (40 items), food safety attitude (15 items), and food safety behavior (25
items). The data was collected between March and June 2018. Questionnaire was constructed and divided into four
parts. Part I, was used to collect data on participants' general characteristics (gender, age, income, frequency of eating
out of home, and foodborne illnesses). Part 11, the food safety knowledge, Part 11 and IV were designed for evaluating
the food safety attitudes and behaviors of the participants accordingly.

This study was performed in line with the principles of the Declaration of Helsinki. Informed consent was obtained
from all individual participants included in the study. Approval was obtained from Gazi University Ethics Committee
for the study (Date: 06/02/2018 Decision No: 2018-05).

2.2. Food safety knowledge questionnaire

Food safety knowledge questionnaire included 40 questions to test the participants' knowledge of personal hygiene
(6 items), kitchenware hygiene (7 items), food hygiene (13), cross contamination (6 items) and critical temperature for
food storage (8 items). The respondents were required to choose either “true” or “false” and “have no idea” for each
item and the score was given for each correct answer. Total food safety knowledge score (FSKS) was converted to
percentiles. Values below the 25th percentile were considered low knowledge level. Values between the 25th and 75th
percentiles were considered as moderate. Values above 75th percentile were considered as high level. The
confidentiality coefficient (Cronbach alpha) was found as 0.808.

2.3. Food safety attitude questionnaire

Food safety attitude questionnaire was designed for evaluating the food safety attitudes of the participants.
Food safety attitudes consisted of 15 questions rated with 3-point Likert scale ranging from 1 (agree) to 3 (disagree).
Total food safety attitude score (FSAS) was converted to percentiles. Values below the 50th percentile were
considered bad attitude and values above the 50th percentile were considered good attitude. The confidentiality
coefficient (Cronbach alpha) was found as 0.549.

2.4. Food safety behavior questionnaire

Food safety behavior questionnaire was designed for evaluating the food safety behaviors of the participants.
Food safety behaviors included 25 questions that tested the participants' behaviors of personal hygiene (4 items),
kitchenware hygiene (5 items), food hygiene (10), cross contamination (2 items) and critical temperature for food
storage (4 items). Food safety behaviors rated with 3-point Likert scale ranging from 1 (practice every day) to 3
(never practice). Food safety behavior score (FSBS) was converted to percentiles. Values below the 50th percentile
were considered bad behavior and values above the 50th percentile were considered good behavior. The
confidentiality coefficient (Cronbach alpha) was found as 0.730.

The measurement tools related to food safety, attitudes and behaviors in the questionnaire applied to individuals
were created by the researchers after a detailed literature review on the subject (Lee et al., 2017; Sanlier and
Konaklioglu, 2012; Lim et al., 2016). A self-administered questionnaire was given to participants; whereas the
students were assisted by a trained researches in answering the questionnaire. A pilot study was performed on 30
university students, who were not included in the actual experiment. The questionnaire was pilot tested and
modified to be compatible with the community. Turkish language was used and the questionnaire took about 15
min to complete.

2.5. Statistical analysis

Data analysis was conducted using the SPSS 22.0 statistics package program. The p<0.05 value was accepted
as the determinant of significance. The mean (x), standard deviation (SD), and percentage (%) values were
calculated. Student’s t-test was employed to compare the two groups. One-way ANOV As with Tamhanes T2 post-
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hoc comparisons (with no assumption of equal group size or homogenity of variance) were conducted to compare
the three groups. One-way ANOVAs with Scheffe post-hoc comparisons (with assumption of equal group size or
homogenity of variance) were conducted to compare the three groups. The relationships between the BMI score
and other variables were determined using the simple linear regression analysis test.

3. Results and Discussion
3.1. Demographic characteristics of students

A total of 1647 university students, 404 males and 1243 female, participated in the study. Approximately half
of the individuals (46.1%) are educated in health sciences, 36.5% in science and 17.4% in social areas. The average
age of the subjects was 21.3+£1.83. The mean BMI was found to be 22.0+£3.11. The frequency of eating out of the
home was 3.542.17 times per week.

More than half of students (56.3%) had moderate levels of food safety knowledge and 21% high level and 22.6%
low level. Most of students (62.3%) had good attitude. More than half of students (57.2%) had good behavior.

3.2. Food safety knowledge, attitude, and behavior scores of the students according to gender

Table 1 shows the mean (¥) and standard deviation (SD) values of the knowledge, attitude and behavior scores
of the individuals about food safety according to gender. The mean food safety knowledge scores of women were
higher than men (p<0.001). In addition, women's personal hygiene, equipment hygiene, food hygiene, cross-
contamination prevention knowledge scores were significantly higher than males (p<0.001). When the food safety
behavior scores of the individuals were evaluated, it was determined that women's personal hygiene, equipment
hygiene, food hygiene, keeping at a safe temperature and total behavior scores were significantly higher than males.
The mean food safety attitude score was 8.542.31 in women and 7.1+2.48 in men (t=-10.006, p<0.001).

Table 1. Mean (X) and standard deviation (SD) values of the food safety knowledge, attitude and behavior
scores of the individuals according to gender

Male (n:404) Female (n:1243)
x+SD x+SD t p

Food safety knowledge score
Personal hygiene score 4.8+1.14 5.2+0.95 -6.508 0.000*
Equipment hygiene score 4.0+1.67 4.8+1.55 -8.755 0.000*
Food hygiene score 7.3£2.07 7.7£2.01 -2.723 0.007**
Cross contamination score 4.2+1.46 4.8+1.33 -7.592 0.000*
Safe temperature score 4.5+1.78 4.6+1.85 -1.133 0.257
Total score 25.1+£5.64 27.345.54 -6.892 0.000*
Food safety attitude score
Personal hygiene score 2.4+1.31 2.6%+1.19 -2.615 0.009%*
Equipment hygiene score 2.6+£1.28 3.1£1.19 -7.561 0.000%*
Food hygiene score 5.0+£2.06 5.8+1.95 -7.491 0.000%*
Cross contamination score 0.5+0.53 0.5+0.51 1.021 0.307
Safe temperature score 1.9+1.22 2.3+1.16 -6.030 0.000%*
Total score 12.6+4.36 14.5+4.02 -8.228 0.000*
Food safety behavior score 7.1£2.48 8.5+2.31 -10.006 0.000%*

*p<0.001, **p<0.01

3.3. Relationship between age, BMI, food safety knowledge, attitude, and behavior scores of students

The relationships between age, BMI, knowledge, attitude and behavior scores of the students is shown in Table
2. BMI values of individuals are correlated with FSKS, FSAS and FSBS inversely. FSKS, FSAS and FSBS were
significantly decreased as BMI increased (r=-0.106, p<0.001; r=-0.130, p<0.001; r=-0.095, p<0.001, respectively).
As FSKS increases, FSAS and FSBS increase significantly (r=0.513, p<0.001 and r=0.433, p<0.001). As FSAS
increases, FSBS increases significantly (r=0.465, p<0.001).
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Table 2. The relationships between age, BMI, knowledge, attitude and behavior scores of the students (r)

BMI FSKS? FSAS® FSBS©
Age 0.131%* 0.016 -0.022 -0.003
BMI -0.106* -0.130* -0.095*
FSKS 0.513* 0.433*
FSAS 0.465*

#p<0.001, * FSKS:Food safety knowledge score, " FSAS: Food safety attitude score, * FSBS: Food safety behavior scores

3.4. Food safety knowledge, attitude, and behavior scores according to students' body mass index groups

FSKS, FSAS and FSBS were significantly lower in obese individuals according to normal body weight and
underweight individuals, Food safety knowledge test subgroups scores were found to be significantly lower in
obese subjects than in other groups (except when keeping food at safe temperature) (p<0.01). It was found that
equipment and food hygiene scores of food safety behavior test subgroups were significantly lower in obese
individuals compared to other groups (7Table 3).

Table 3. Mean (X) and standard deviation (SD) values of the food safety knowledge, attitude and behavior
scores of the individuals according to BMI groups

Underweight

Normal

Overweight

(n:180) (n:1192) (n:275) Anova Post-Hoc Test
Differences
x£SD x£SD x£SD F p (Scheffe, p
Tamhane T2)
Food safety knowledge score
Personal -

. 53+0920  S5.1+1.00°  4.9+1.09°  7.060  0.001%* a-c 0.002
hygiene score b-c 0.014
Equi t -

duipmen 48+41.52° 461610 44169 3.996  0.019%** a-c 0.048
hygiene score b-c 0.041
Food hygiene
score 7.8+£1.922 7.6+2.04° 7.3£2.02°¢ 3.935 0.020%** a-c 0.026
Cross 0015
contamination 4.8+1.33° 47136  44+1.51° 5494 0.004%* a-c :
ccore b-c 0.016
SUBICMPERING 474189 46:183  46£182 0224 0.799
Total score 27.54532°  26.845.61° 258+590° 5428  0.004%* a-c 0.008

b-c 0.030
Food safety attitude score
Personal

. 2.7£1.18 2.6+1.23 2.4+1.22 1.804 0.165
hygiene score
Equi t -

duipmen 3241190 3.04123°  2.84123°  6.654  0.001%* a-c 0.002
hygiene score b-c 0.015
Food hygiene
score 5.9+1.96* 5.6+1.97° 5.3£2.21¢ 5.348  0.005** a-c 0.007
Cross
contamination 0.55+0.50 0.53£0.51  0.61+0.53  2.271 0.104
score
SUBICMPERWE o 3a101 22£119 20£122 1505 0222
Total score 14.843.77°  14.144.18° 1344439  6.081  0.002%* a-c 0.003

b-c 0.039
Food safety . b . . a-c 0.000
behavior score 8.5+2.27 8.3+2.37 7.542.65 12.214  0.000 bec 0.000

*p<0.001, **p<0.01, ***p<0.05. Tamhane T2 were conducted ¢ross-contamination and safe temperature subgroups for Food safety knowledge
score and food hygiene subgroups for Food safety behavior scores and Food safety attitude score. Scheffe were conducted all other groups.
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3.5. Food safety knowledge, attitude, and behavior scores according to the field of education of students

FSKS, FSAS and FSBS were significantly higher in individuals who were educated in the field of health
sciences according to science and social areas. All food safety knowledge test subgroup scores were found to be
significantly higher in the individuals who received education in the field of health than the other groups (p<0.001).
It was found that equipment and food hygiene scores of the subgroups of food safety behavior test were statistically
significantly higher in the health educated individuals compared to the other groups. Those who received education
in the field of science were found to be higher than those in the social field (p=0.031) (Table 4).

Table 4. Mean (X) and standard deviation (SD) values of the food safety knowledge, attitude and behavior
scores of the individuals according to the field of education

Health Social Science
(n:759) (n:286) (n:602) Anova Post-Hoc Test
X X x- Differences
s X+5D x=SD i p (Scheffe, Tamhane T2) P

Food safety
knowledge score

Personal hygiene 5 3. g5a  49+1.11°  4.9£1.00° 31786  0.000* a-b 0.000

score a-c 0.000

Equipment 4.9+1.550 43+1.58° 43+1.64° 31336 0.000* a-b 0.000

hygiene score a-c 0.000

Food hygiene 8242.16°  6.9+1.65° 7.241.81° 64.769  0.000* a-b 0.000

score a-c 0.000

Cross

contamination 49+129°  4.4+1.46° 44+140° 29346 0.000% a-b 0.000

score a-c 0.000
a-b 0.000

sz(ffetemperature 5.1+1.84°  3.841.64°  43+1.71° 72377  0.000% a-c 0.000
b-c 0.000
a-b 0.000

Total score 28.7+5.67° 24.5+4.64° 253+523° 95354  0.000* a-c 0.000
b-c 0.031

Food safety

attitude score

Personal hygiene o1 19 254121 264126 2118 0.121

score

Equipment 3.141.19°  2.941.25°  2.9+1.26°  5.924  0.003** a-b 0.047

hygiene score a-c 0.008

Food hygiene 5.942.00°  5.4+1.95° 53+1.99c 21.166 0.000* a-b 0.000

score a-c 0.000

Cross

contamination 0.520.51  0.55+0.51  0.58+0.53 2747  0.064

score

Safe temperature ) 31 1o 514120 224108 1.605 0201

score

Total score 14.6+4.05*  13.5+4.15* 13.6+4.30° 11.654  0.000* a-b 0.001
a-c 0.000

Food safety a-b 0.000

a b c *
behavior score 8.7£2.42 7.7£2.30 7.8+£2.35 33.566  0.000 ac 0.000

*p<0.001, **p<0.01. Tamhane T2 were conducted for Food safety knowledge score and all subgroups. Scheffe were conducted Food safety
behavior scores, all subgroups and Food safety attitude score.

3.6. Regression model of food safety knowledge, attitude, and behavior scores according to BMI

The regression model of food safety knowledge, attitude and behavior scores of the individuals according to
BMI is given in Table 5. One point increase in FSKS, FSAS and FSBS decreased the BMI by 0.059, 0.167 and
0.071 points, respectively (p<0.001).
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In this study, some information about food safety knowledge, attitude and behavior of a group of university
students is presented. Previous studies have found that young adults deprived of important food safety information
(Endres et al., 2001; Unklesbay et al., 1998). As stated in a new study on the food safety perceptions of university
students (Vainioa et al., 2020), it is understood that today consumers still need to be informed about the types of
food safety risks. In a recent study, university students who estimated their food safety knowledge to be good also
had more scores of correct answers. Experience of food safety education statistically correlated positively with a
higher number of correct answers to the knowledge questions (Marklinder et al., 2020). Although young adults
report food safety attitudes and practices relatively more positively, this could not correspond to real safe food
processing practices (Byrd-Bredbenner et al., 2007). The generally accepted idea is that young adults often enter
unsafe food behaviors (Chuang et al., 2021; Burke et al., 2016; Osaili et al., 2011; Morrone and Rathburn, 2003).
Considering that incorrect food processing behaviors are the most important cause of foodborne diseases (Wang
et al., 2021), the important point here is that: it is not enough to have food safety knowledge, it is important that
this information could change attitudes and be reflected in behaviors.

Table 5. The regression model of food safety knowledge, attitude and behavior scores of the individuals

according to BMI
B SE t p
FSKS* -0.059 0.014 -4.338 0.000%*
FSAS® -0.167 0.031 -5.316 0.000%*
FSBS® -0.071 0.018 -3.873 0.000%*

#p<0.001, *FSKS:Food safety knowledge score, "(FSAS: Food safety attitude score, ‘FSBS: Food safety behavior scores

In order to develop effective strategies to reduce foodborne diseases, it is important to understand in detail the
main reasons affecting consumer behavior (Wang et al., 2021) related to all food handling processes such as food
cleaning, disinfecting, thawing, cooking, cooling and reheating. There are opinions that food safety knowledge
can have a direct positive effect on behaviors or indirectly affect behaviors by changing attitudes (Kwol et al.,
2020). In a study conducted with university students living in residence halls, a positive relationship was found
between food safety knowledge and attitude, but no significant relationship was found with behavioral scores
(Obande and Young, 2020). It has been reported that some education programs can significantly increase food
safety knowledge and positively affect food safety behaviors (Marklinder et al., 2020). However, it is widely
defended that the direct relationship between food safety knowledge and food safety behavior is weak and that the
increase in food safety knowledge and behavior change are not always parallel (Kwol et al., 2020; Rossi et al.,
2017). In a study in which the relationship between food safety knowledge, attitude and practices was investigated
by structural modeling, a statistically significant relationship was found between knowledge and attitude. In
addition, food safety knowledge and attitudes were found to significantly affect safe food preparation practices
(Mihalache et al., 2021). Similarly, in this study, as food safety knowledge increases, attitudes and behaviors
increase significantly (respectively, r=0.513, r=0.433, p<0.001). As food safety attitudes increases, behaviors
increases significantly (r=0.465, p<0.001).

Food safety behaviors may differ according to gender, years of education and food safety knowledge level
(Azanaw et al., 2021). In a study, women have high knowledge of food safety (7.66 versus 7.44 correct answers
of 12 questions), but differences between men and women were not statistically significant (Marklinder et al.,
2020). Although there are some studies stating that food safety knowledge and behaviors do not differ by gender
(Marklinder et al., 2020; Unusan 2007), it is generally reported in the literature that women's food safety
knowledge, attitudes and behaviors are better (Chuang et al., 2021; Moreb et al., 2017; Bearth et al., 2014; Mullan
et al., 2015; Byrd-Bredbenner et al., 2007).Similar to previous findings in the literature, in this study, total food
safety knowledge, attitude, and behavior scores were found to be statistically higher female than male students.
The role of young women in the prevention of foodborne diseases is very important because of their future role as
food preparers for household members (Byrd-Bredbenner et al., 2007; Subba Rao et al., 2009). Also, women have
a great share in their children's learning of food safety information. In a recent study investigating the source of
food safety information, 80% of students who chose "family and friends" as the primary food safety knowledge
source stated that they learned food safety information from their mothers (Marklinder et al., 2020). Male students
have been shown to be at significantly greater risk when handling potentially risky foods, reheating meals, and
cleaning food contact surfaces. So much so that 65% of men stated that they thought that tasting raw ground beef
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before cooking would not pose a risk (Lange et al., 2016). Similarly, in a study conducted with the students of the
faculty of agriculture, it was shown that male students are at higher risk in food processing (Radulovic et al., 2021).
Nevertheless, it is stated that training programs aimed at young men can be used to improve the food safety
knowledge of men in order to eliminate this inequality between men and women.

In a study, significant correlation was shown between food safety knowledge score and education (Azanaw et
al., 2021). Students' knowledge of food safety may increase over time as they have more learning opportunities.
In a study found that university students aged 26 and older had a statistically significant higher knowledge of food
safety compared to younger students (aged 18 to 25) (Chuang et al., 2021). In a study, it was determined that
university students in 3rd and 4th grades had better attitudes about food safety compared to 1st and 2nd grade
university students. It has been stated that the education given at the university is effective in raising awareness
about food safety and changing behavior among young people (Radulovic et al., 2021). In another study, no
statistically significant difference was found between the food safety knowledge level of university students in the
18-30 age group and adults in the 31-64 age group (Marklinder et al., 2020). Perhaps, the food safety education
that young individuals will receive at the university "under the roof of a school" before they start working life will
be more permanent in their memories as a wealth of knowledge that will be used throughout their lives.

It was found that total food safety knowledge, attitude and behavior scores were significantly higher in the
students who were educated in the field of health (food science, nutrition and dietetics, doctors, nurses) according
to others in the study. This result is not surprising since students studying in health-related departments of the
universities have received information on food safety, supporting findings were also obtained in a recent study
(Smigic et al., 2021). Experienced in food safety education and practice has been associated with a higher food
safety knowledge score (Chuang et al, 2021; Smigic et al., 2021; Marklinder et al., 2020), which highlights the
importance of educational initiatives among young adults in terms of food safety. In a systematic review of
research conducted in developed countries, it was found that various food safety education interventions were
effective in improving consumer knowledge, attitudes and behaviors in different contexts (Young et al., 2015).
One of the examples of effective food safety education interventions targeting young adult populations is a multi-
faceted social marketing campaign on university campuses (Abbot et al., 2012), and the other is a visual and
instructive message on salmonellosis prevention (Trifiletti et al., 2012).

To our knowledge, there is no detailed study on the relationship between body mass index and food safety
knowledge, attitude, and behaviors. In this study, all food safety scores of students in the obese group were
significantly lower than other BMI groups. Based on this result, it may be say that the awareness of food safety of
obese students is much less than those of normal weight and underweight students.

4. Conclusions

The basic information and practices of food safety of the society should be evaluated in order to prevent both
health risks and economic losses caused by foodborne diseases. It is important to develop recommendations for
the solution of the current problems. The data obtained from this study showed that food safety education is still
needed in the target group, especially male students, obese students, and students studying science, social and
engineering. The school and university environment will be the best places for an effective food safety training
program giving information about personal hygiene, equipment hygiene, food hygiene, prevention of cross
contamination, safe temperature applications to food as well as foodborne diseases and other factors contributing
to prevention strategies. It will not only be sufficient to give education, but also to make efforts to internalize this
information and to reflect it on behaviors.
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Abstract

Pumpkin seeds are crucial for both human and animal nutrition. Furthermore, the importance of pumpkin seed oil,
the snack seed trade and even the medicinal uses of pumpkin seed products have been taken into account for the
attempts to improve oil pumpkin seed yield, seed quality and other parameters. The climatic conditions may have
a considerable effect on both the vegetative and the reproductive growth as well, and can influence the quality and
quantity of the yield. Large-scale field experiment was set up to investigate the climatic sensitivity of hull-less
pumpkins. Three groups of fields in different regions of Eastern-Hungary; Southern, Northern and Middle regions
were involved in this study. Monthly average temperature and precipitation and soil chemical characteristics were
analyzed. Based on the results, the lowest yield was achieved in the Northern region, potentially because of the
higher amount of precipitation during the vegetation period. The higher precipitation can possibly increase the
sensitivity of pumpkin plants to diseases. The highest amount of the seeds was achieved in the Middle region,
where the distribution of the rainfall was moderate. From the investigated soil parameters, the pH had a measurable
effect on the final seed yield. It could be concluded that higher precipitation and lower pH can lower pumpkin seed
yield. Maximum yield might rely on continuously monitoring the soil moisture status and on the irrigation
scheduling management, in addition to the nutrient availability in the soil. Further studies, however, are necessary
to prove these hypotheses and to provide more useful data.
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1. Introduction

Pumpkin (Cucurbita pepo L.) is a really crucial plant species for human and animal nutrition, with more value
being in the seed rather than the flesh of the pumpkins. Hull-less pumpkin (Cucurbita pepo L. convar. pepo var.
styriaca Greb.) (Naked or Styrian Pumpkin) varieties were developed from natural mutants, integuments (seed
coats) of which were very thin in contrast to the thick, hard, and close-fitting integuments (hulls) of regular
pumpkin seed. The term “hull-less” is used to describe the unique seed trait; however, this is not a botanical
description as the seed coat layers in hull-less cultivars still exist. The mutant hull-less seed pumpkin, originated
in the Styria region of Central Europe, exposes a complete lack of lignification of the seed test. As a result, it is
more desirable as a snack compared to other seed kinds. In the snack seed trade, hull-less pumpkin seeds are treated
with heat and pressure in order for the oil to be extracted, and thus hull removal is not needed relative to the normal
hulled-seeds (Andres, 2000; Loy, 2004).

Robinson (1981) concluded that this type of pumpkin has a potential value for people who want to set up a
lifestyle based on natural and healthy food and self-sufficient food production. Hull-less pumpkin is also a potential
oilseed and high-protein seed crop. Because of significant amounts of tocotrienols and other active agents, Styrian
Pumpkin is also known as a medicinal crop among other cucurbits. Natural vegetable oils from various species
and subspecies of pumpkins are of great interest for pharmacological and medicinal industries (Howitt and Pogson
2006, Vorobyova et al. 2014).

The snack seed trading, the importance of pumpkin seed oil and the medicinal products from the seeds of
pumpkins have increased the efforts of oil pumpkin seed yield and quality enhancements (Teppner 2004).
Pumpkins are especially sensitive to low temperatures (Top and Ashcroft, 2000) and drought (Seymen et al., 2020;
Farzamisepehr et al., 2021).

This study focuses on measuring the yield of hull-less pumpkin seed (Gleisdorfi Classic) in different growing
regions in Hungary; namely Northern, Middle and Southern regions under different climatological conditions to
know more about the climate sensitivity of this crop.

2. Materials and Methods

Field experiments were set up in 2016 in the eastern part of Hungary. Three groups of fields were involved in
the investigation in three different regions; Northern region, Middle region (160 km from the Northern region) and
Southern region (280 km from the Northern region) of the eastern side of Hungary (7able 1).

Table 1. Group of the examination areas with the details: name of the plots, lot number and the size of

plots
Lot number of plot Name of plot size of plot (ha)
Northern Region (Szaszfa/Pamlény)
Szaszfa 045/5 Szaszfa temetd mogott 21.08
Szaszfa 050/3 Szaszfa haromszog 7.46
Pamlény 013/4 Pamlény013 7.79
Southern Region (Fabiansebestyén/Nagyszénas)

Fabiansebestyén 0135/1 100ha-os 103.57
Nagyszénas 061/26 Laci foldje 15.18
Nagyszénas 084/34 Nagyszénas kicsi 11.32

Middle Region (Hortobagy/Nagyhegyes)
Nagyhegyes 0276/1-4 Kecskés 26.63
Hortobagy 01418 Fasor6 4.53
Hortobagy 01416/2 Fasor5 3.41
Hortobagy 01414/2 Fasor4 3.82
Nagyhegyes 0273/3-4 Kertész 10.23

The overall size of each group was at least 35 ha. All of the applied agrotechnological treatments were the
same in all fields; i.e. a total fertilization rate of 110, 35 and 250 kg ha!' of N, P20s and KO, respectively were
applied in all fields in 2 occasions (prior to seeding and 45 days after). Weed management was applied when
necessary. There were 3 plots (fields) in the northern region, 3 plots in the southern region and 5 plots in the middle
region (7able I). The row and planting distance was 100 * 50 cm, the number of plants is 12000-13000 plants ha-
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1. The cultivar was Gleisdorfi Classic. This cultivar is an early maturity cultivar, tolerant to viruses, to leaf necrosis
and to fruit rot with a relatively big seed size (www.saatzuchtgleisdorf.at). Sowing time was early May (8", 4t
and 5" of May in the northern, southern and middle regions, respectively), whereas the harvest was in the middle
of October (15, 9™ and 12 of October in the northern, southern and middle regions, respectively).

Average monthly temperature and precipitation were collected (Orszagos Meterologia Szolgalat) (Figure 1) in
order to calculate the Gaussen-Bagnouls-xerothermic index (I). The equation is [=N/2T (Gaussen and Bagnouls,
1952), the ratio of average monthly precipitation (N) and the doubled monthly average temperature (T). If the
value of this index is below 1, it means ecologically dry month (7able 2). In addition, the average temperature,
precipitation and daylight hours of the past 30 years are presented in Table 3.
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Figure 1. Monthly temperature (°C) and precipitation (mm) in three regions of hull-less oil pumpkin
production during the vegetative period of 2016, Hungary

Soil chemical analyses were performed before sowing in each of the three regions in order to find out the
determinant factors that have a main role in affecting hull-less pumpkin yield (Baxter et al. 2012) (Table 4).

Table 2. The value of Gaussen-Bagnouls-xerothermic index (Northern, Middle, Southern) during the
vegetation period. The bold numbers representing the ecologically dry months.

Region May June July August September October
Northern 2.689 1.387 1.695 1.2625 3.627 2.459
Middle 1.389 3.220 1.587 0.819 1.665 4.332
Southern 1.322 0.393 1.052 1.993 2.921 0.737

Table 3. The 30-year average temperature (1), precipitation (P) and day light hours (DL) in the Middle,
Norhtern and Southern regions.

Month Middle Region Northern Region Southern Region
T P DL T P DL T P DL
(9 (mm) (hour) O (mm) (hour) (9) (mm) (hour)

January -1.3 26 59 -1.9 25 63 -0.7 28 61
February 0.3 30 91 -0.2 30 91 0.9 26 97
March 5.4 30 154 5.1 30 142 6.0 28 144
April 11.4 52 198 11.0 48 190 11.5 39 188
May 16.7 64 251 16.0 64 241 16.9 52 244
June 19.5 66 263 19.1 78 245 19.8 73 258
July 21.6 66 286 21.0 76 267 21.8 58 290
August 20.9 49 277 20.4 69 261 21.4 50 275
September 16.2 48 194 15.7 54 183 16.7 46 197
October 10.6 37 152 10.2 39 142 11.4 34 157
November 4.7 40 81 4.1 41 72 5.2 40 86
December -0.1 40 48 -0.9 39 49 0.6 42 52

. Source: Hungarian Meteorological Service (www.met.hu)

The experiment was layed out in Complete Block Randomized Design with 3 replicates (plots) in both the
Northern and the Southern regions (blocks) and 5 replicates in the Middle region. Microsoft Excel 2019 (Microsoft,
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USA) was used for arranging the data in proper tables, and then SigmaPlot for Windows (V.12.0) was used for
statistical analysis (one-way ANOVA) at 95% probability level, followed by LSD post-hoc test to indicate the
significant differences among the 3 regions.

Table 4. Main soil parameters of the investigated sites. n=3-5, +s.e.

Region pH oM Nitrite/ P20s K>O Mg Na Zn Mn
m/m% Nitrate- mgkg mgkg! mgkg! mgkg mgkg! mgkg!
N 1 1
mg kg'!

Northern  5+0.3 1.63+0.03  7+0.29 40+£7.5 147£16 202421  42+11 1.5+£0.1 315+2.8
Middle 6.5+£0.3 2.840.2 55+30 344493 338440 323+60 144430 2.9+0.5 159+£59
Southern  5.4+0.1 2.9+0.3 3.2+1.6 160433 6034+32  333+41 7649 1.6 £0.3 28941

3. Results and Discussion

Significant differences (p < 0.05) in the yield were recorded among the three regions of study. The highest
yield (493 kg ha! £0.03) was achieved in the Middle region whereas the lowest yield (408 kg ha' £0.1) was
achieved in the Northern region (Figure 2). In the Southern region the yield amount was 440 kg ha! £0.1.

According to Bavec et al. (2002), seed yield of oil pumpkin cultivars grown in the traditional ‘oil pumpkin’
production areas of Central Europe ranges between 500 and 800 kg ha-1 seeds. In our experiment, however, neither
irrigation, nor any other agricultural practice was applied, which might explain the relatively-low yields achieved
in our experiment.

The Northern region had the highest precipitation amount; 382 mm in 5 months. In the Middle and Southern
regions, this amount was less by approximately 100 mm during the same period. However, the distribution was
more moderate in the Middle region as high amount was recorded in Southern and Northern regions in August.
Water is a crucial abiotic factor during germination through fruit set (Basal and Szabd, 2020; Seymen et al., 2019).
Siiheri et al. (2020) concluded that the final yield of snap bean had a linear correlation with the seasonal water use.
However, too much irrigation, mainly in the fruit ripening period can cause rotting (Masirevi¢ et al., 2011), which
will probably cause serious yield loss.

SOUTH —
MIDDLE —
NORTH A —
200 300 400 500 600
kg ha™'

Figure 2. Yield (kg ha') of hull-less pumpkin seeds in three different regions (Southern, Middle, Northern) in
Hungary, 2016. Bars with different letters (a, b, ab) indicate significant differences at p < 0.05 level, n=3-
5ts.e
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Both middle and southern regions had considerably-higher soil organic matter (OM) (by about 78%) compared
to the northern region (table 3), and that possibly had a positive influence on the yield. OM can enhance plant
development with its role on soil sustainability (Marinari et al., 2000; Das et al., 2016), elevated photosynthesis
(Amaya-Carpio et al., 2009; Antolin et al., 2010) and, consequently, biomass and seed yield. High organic matter
levels are also routinely cited as a key determinant for high yielding pumpkin production (Dimsey, 1994). This
conclusion is supported by the results of Tartoura and Youssef (2011) that the biomass of C. pepo was significantly
better under enhanced OM content, concluding that the plant growth was OM-dependent. The pH seemed to be
one of the main factors which influenced the amount of yield. This is in agreement with the findings of Ahmad et
al. (2021) and with Napier (2009) statement that soil pH between 6.0-6.5 is preferred by pumpkin, the Middle part
with pH = 6.5 £0.3 had the highest yield. When the pH was lower with 1.5 units, it caused 1 q less yield. Berenji
(2000) indicated that soil boron levels can impact seed set and seed fill in ‘oil pumpkin’ cultivars, thus we also
measured elements, like potential effectively active factor for improving yield. The phosphorus, sodium, zinc and
sulphur elements influenced the yield positively.

The productivity of pumpkin is highly responsive to N (Moradi et al., 2014; Unliikara et al., 2021), phosphorus
(Hamzei and Najjari, 2014) and zinc (Yousefi and Zandi, 2012).

4. Conclusions

Hull-less pumpkin seeds are gaining national and international popularity, mainly because large-scale
consumption possibilities and offering a healthier life. In this experiment, the highest seed yield was recorded in the
Middle region of Eastern Hungary, where the soil pH was optimum for the plants and the precipitation was moderate
and well distributed over the vegetation period of the plants compared to the other two regions. Thus, it could be
concluded that higher precipitation and lower pH might be the reasons of lower yields, along with the lower organic
matter, mainly in the Northern region. Maximum yield seems to be dependent on continuous monitoring of the soil
moisture status and the management of irrigation scheduling, in addition to the soil’s components. However, further
investigations will be necessary to prove these hypotheses.
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Analyzing The Effects of Livestock Policies on Farm-level Efficiency in Turkey; Thrace
Region Case

Tiirkiye'de Hayvancilik Politikalarinin isletmelerin Etkinlik Diizeyine Etkilerinin incelenmesi;
Trakya Bolgesi Ornegi

Gokece KOC", Ayse UZMAY?>

Abstract

The effect of agricultural subsidies on the efficiency of farms is one of the main issues discussed today. Dairy
farming benefits from various types of subsidies and take a lion share from the agricultural support budget. In this
context, this study has four important aims. Firstly, to analyze the technical efficiency of dairy farms, secondly, to
investigate the effects of policy tools on efficiency, thirdly to determine factors affecting efficiencies and finally
to bring proposals. This study was carried out in Thrace Region of Turkey and interviewed with 140 dairy farmers.
The three-stage method was applied in this study. The technical efficiency and policies effects on efficiency were
determined by using Data Envelopment Analysis. Tobit Analysis was used to investigate the relationship between
efficiency and farmer or farms-oriented characteristics. The results of Data Envelopment Analysis show that
average efficiency scores are 0.700 under constant return to scale, 0.795 under variable return to scale and 0.886
for scale efficiency. The technical efficiency increases by 1.13%-2.43% thanks to subsidies and the scale efficiency
is 1.35% higher. It is noteworthy that subsidies affect efficiency positively but provide a small improvement, also
the effects vary across the farm-scale groups. According to Tobit Analysis, the education level of farmers, the
share of livestock in total income, family size and whether tend to give up farming are significantly affecting
efficiency. It is recommended for governments should provide subsidies to increase the scale of small farms that
work with increasing return to scale and to improve the technology of larger farms that work with decreasing return
to scale.
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Oz

Tarmmsal desteklerin isletmelerin etkinlikleri iizerindeki etkileri son donemlerde tartigilan 6nemli konulardan
biridir. Siit sigircilifi, hem birgok farkli destekleme g¢esidinden yararlanmakta, hem de tarimsal destekleme
biitcesinden dnemli bir pay almaktadir. Bu kapsamda, aragtirmanin dort temel amaci bulunmaktadir; bunlardan
ilki siit sigircilign isletmelerinde teknik etkinligin belirlenmesi, ikincisi; destekleme politika araglarinin etkinlik
tizerindeki etkisinin ortaya koyulmasi, li¢linciisii; etkinligin belirleyicisi olan {iretici ve isletmeye ait ayirt edici
faktorlerin analiz edilmesi ve son olarak da tarim politikalarina yonelik Oneriler getirilmesidir. Arastirma
kapsaminda Trakya Bolgesi’nin ii¢ ilinde 140 {iretici ile yiiz yiize anket caligmasi gergeklestirilmistir. Aragtirmada
ti¢ asamal1 metodoloji kullanilmistir; Veri Zarflama Analizi yardimu ile siit sigirciligi isletmelerinin teknik etkinligi
ve desteklemelerin teknik etkinlik {izerindeki etkisi hesaplanmuig, Tobit analizi yardimiyla ise etkinlik ile isletmeye
ve ireticiye ait 6zellikler arasindaki iliski analiz edilmistir. Veri Zarflama Analizi sonuglarina gore, isletmelerin
Olgege sabit getiri skorlari ortalama 0.700, 6lgege degisken getiri skorlar1 ortalama 0.795, dlgek etkinligi skorlari
ise ortalama 0.886 olarak hesaplanmistir. Desteklemeler ile isletmelerin Slgege sabit getiri skorlart %2.43,
degisken getiri skorlart %1.13, olgek etkinlikleri ise %1.35 artmistir. Tarmmsal desteklerin siit sigircilig
islemelerinde etkinligi pozitif etkiledigi ancak kiigiik oranda bir iyilesme sagladigi, ayrica 6lgek biiyiikliigiine gore
desteklerin pozitif etkisinin farkli oldugu dikkati ¢ekmektedir. Tobit analizi sonuglarina gore ise etkinligin
belirleyicileri; iireticilerin egitim diizeyi, geliri, aile biiylikliigi, isletmelerin dlgek ve arazi biiyiikliigi, lireticilerin
iiretime devam etme diisiincesi ve isletmenin ortalama siit verimidir. Arastirma sonucunda, hayvancilik
desteklerinin dlgege artan getiri ile ¢alisan kiigiik dlgekli isletmelerde dlgegin biiyiitiilmesine, dlgege azalan getiri
ile ¢alisan biyiik dlgekli isletmelerde ise teknolojinin gelistirilmesine yonelik verilmesi dnerilmektedir.

Anahtar Kelimeler: Hayvancilik destekleri, Tarim politikasi, Teknik etkinlik, Veri zarflama analizi, Tobit model
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1. Introduction

Turkey is one of the leading countries for dairy production in the World; 9" largest producer of world milk
production and ranked 24" for the number of cattle. Nevertheless, there are remaining some structural and
economic problems. The annual milk yield per cattle is 3.2 tons and ranked 56™ in the World. The annual milk
yield for other countries is; 5.7 t for Poland, 5.6 t for Ireland, 8.2 t for Netherlands, 9.5 t for Denmark, 7.0 t for
European Union (EU), 4.15 t for New Zealand, 13.2 t for Israel (DairyNz, 2018; EU, 2018a; FAO, 2019; Ministry
of Agriculture and Forestry (MAF), 2021).

Beef and dairy farming in Turkey contribute 27.13% of total agricultural production value and 88.39% of
animal production value (Turkish Statistical Institute (TurkStat), 2020). There are 18.43 million head cattle and
6.58 million of them are dairy cows. The production quantity of beef and milk is 1.08 and 20.78 million tons,
respectively (MAF, 2021). The number of dairy farms is 1.11 million. Generally, most of them are small-scale
farms; 71.5% of them have 9 cows and below, 28% have 10-99 cows and only 0.5% have 100 cows and above
(National Dairy Council, 2019).

Turkish government’s agricultural subsidy budget is a total of 22 billion TL and 6.3 billion is allotted for
livestock subsidies. The main policy tools to solve structural and economic problems of dairy farms and increase
their efficiencies are subsidies for forage crops, for calves, for insurance, for disease-free farms, for agricultural
credits, for investments, and also milk premium. Yet, it is still a controversial topic that which policy tools should
be used in Turkey (Karakus, 2011; Erdal et al., 2016; Uzmay and Cinar, 2016; Uzmay, 2017). One of the main
problems is creating new policies without analyzing the effectiveness of used instruments (Uzmay and Ozden,
2016). So, it has the utmost importance to analyze the efficiency of farms and develop policy recommendations
based on these results.

Farm subsidies affect the price of inputs and outputs, income, production methods, investment decisions, farm-
scale, and therefore technical and economic performance. If the farmers use subsidies in a targeted manner and
turn them into investments, it has a positive impact on efficiency, while they may have a negative effect if the
farmers thought they are tools to raise income (Kumbhakar and Lien, 2010). Thus, it is important to analyze the
relationship between the efficiency of dairy farms and policy instruments. It is noteworthy that, there are limited
studies in the literature for investigating technical efficiency of dairy farms and the effects of policies; Chang and
Mishra (2011) for America, Zhu et al. (2012) for Germany, Netherland and Sweeden, Silva and Marote (2013) for
Portugal, Latruffe and Desjeux (2016) for France, Bajrami et al. (2017) for Kosovo. In Turkey, there are several
studies from different regions on the technical efficiency of dairy farming, but none of them associated with
policies (Uzmay et al., 2009; Giil et al., 2018).

In this context, this study is the first for Turkey and has four important aims. Firstly, to analyze the technical
efficiency of dairy farms in the region, secondly, to investigate the effects of policy tools on efficiency, thirdly to
determine factors affecting efficiencies, and finally to bring proposals.

2. Material and Method
2.1 The study area

Thrace Region is in the northwest of Turkey, on the Continent of Europe, and has three provinces: Kirklareli,
Edirne and Tekirdag. In the Thrace Region, the share of animal and plant production in the total agricultural
production value is 83.1% and 16.9%, respectively (TurkStat, 2020). The leading crops are sunflower, wheat and
paddy and crop yields are higher than the country’s average (TDA, 2013).

Annual milk production is 675 tons from 178 thousand head dairy cows. The milk yield is higher than the
average of the country (3.16 t); 3.83 t for Tekirdag (2nd), 3.75 t for Kirklareli (5th), and 3.7 t for Edirne (8th)
(TurkStat, 2019). Thrace is the most critical region for Turkey due to the high share of culture and crossbred cattle
and is the only vaccinated free zone from foot-and-mouth (EU, 2018b). This study was conducted in the Thrace
Region of Turkey where leads to milk production and industry and affects others in terms of milk prices.
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2.2. Material

The material of this research is based on data collected from dairy farmers in the region. The sample size was
determined as 140 by using the proportional sampling method (0.9 confidence interval and 0.07 margin of error)
(Newbold, 1995). The sample size is n, population size is N (35214), and the rate of prediction is p in the equation
1;

Np(1-

NS Gheaa (Eq. 1)

For determining the distribution of interviews, the share of milk production in provinces was used; 37.85%
from Edirne (53), 32.14% from Kirklareli (45), and 30.01% from Tekirdag (42). Data were only collected from
farms that have at least 5 dairy cows and registered in the herd book. The farms were split into 5 scale groups; 5-
14, 15-29, 30-49, 50-99, 100 and above. The two-part questionnaire was conducted in August 2017 with a total of
96 questions. The first part includes 13 questions for collecting sociodemographic characteristics of farmers. The
second part, 83 open-ended questions, was about some data related to farms such as land and herd size, used feeds,
variable costs, and livestock products.

2.3. Method

The three-stage method was applied in this study. Firstly, to calculate the technical efficiency of farms,
secondly to investigate the effects of policies on efficiency, and finally to analyze the determinants of efficiency
related to characteristics of farms and farmers.

The objective of the study is to analyze the relative efficiency of homogeneous decision-making units under
the same climatic conditions. Since policy impact analysis is usually based on reference prices and quantities that
do not belong to the region, efficiency analysis was preferred to policy impact analysis in this study. According to
the results of the efficiency analysis, it is thought that faster action can be taken by evaluating the current situation
of both policymakers and enforcement agencies and farmers.

2.3.1 Technical efficiency

The importance of efficiency and productivity measurements in production units was brought up by Farrell
(1957). Efficiency can be measured by parametric or non-parametric methods. Non-parametric methods are based
on mathematical programming, while parametric methods are ground on econometrics (Coelli et al., 2005). The
most widely used methods are non-parametric Data Envelopment Analysis (DEA) (Uzmay et al., 2009; Ozden,
2016; Silva et al., 2018; Giil et al., 2018) and parametric Stochastic Production Frontier approach (Cabrera et al.,
2010; Curtis et al., 2016; Hazneci and Ceyhan, 2015). In this study, DEA was used to measure the efficiency of
dairy farms. The efficiency of decision-making units (DMUs) with multiple inputs and outputs can be calculated
by DEA. Charnes et al. (1978) (CCC model) was developed a constant return to scale (CRS) and Banker et al.
(1984) (BCC model) was improved variable return to scale (VRS).

There are input or output-oriented approaches. Input-oriented reflects how much inputs could be reduced
without a decrease in output, while output-oriented reveals how much can output be increased without changing
the inputs. Thus, DEA steers decision-makers by determines how inefficient DMUSs should reduce their inputs or
increase their outputs.

In this study, both CRS and VRS approaches of input-oriented DEA was used. Furthermore, output-oriented
efficiency scores were also calculated. The notation for input-oriented CRS assumption is given below (Eq.2)
(Coelli et al., 2005);

min @0,

st —yi+tYA>0 (Eq. 2)
0xi—XA>0
A>0

where 0 is a scalar, and A is a N x 1 vector of constants. When the convex constraint, N1’ A=1 is added to this
linear programming problem, an input-oriented DEA model which is according to VRS is obtained. In this model,
the problem is solved as follows Eq.3;
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min @0,
st —-yvitYAL>0 (Eq. 3)
0xi—XA>0
N1"2=1
A>0
Where N1 is a N x 1 vector of ones. The value of § obtained will be the efficiency score of iy DMU.
Furthermore, scale efficiency (SE) was calculated with the following formula to investigate whether the farms
work at optimal scale (Coelli et al., 2005); TEcrs = TEvrs x SE.

Studies on measuring technical efficiency of dairy farms usually used the production quantity of milk and dairy
products or monetary value derived by sales of these products, as an output (Uzmay et al., 2009; Chang and Mishra,
2011; Gelan and Muriithi, 2012; Mareth et al., 2017). In this study, two models were set to investigate the effects
of livestock subsidies on technical efficiency. On the first model (Model 1), income from the sale of milk, live
animals, and carcass meat were taken as output. On the second model (Model 2), livestock subsidies were added
to output and efficiency scores were remeasured. A total of six types of subsidies are added to Model 2: 1) for
forage crops, 2) for calves and feeder cattle, 3) for livestock insurance, 4) for disease-free or 5) EU-certified farms,
and 6) milk premium. All farmers benefit from at least three types of subsidies. The milk premium (32.8%) and
support for calves and feeder cattle (28.5%) have the largest share in total subsidies, and almost all farmers benefit
from these two important subsidies. In this study, the total amount of support was considered in determining the
effect of the subsidies on farm-level efficiency. This method that adding subsidy payments to output was also used
by Ferjani (2008) for Sweden, Gaspar et al. (2009) for Spain, Galanopoulos et al. (2011) for Greece and Silva and
Marote (2013) for Portugal. The selected eight input variables were also used commonly in other studies (Table 1)
(Gongalves et al., 2008; Pfeiffer et al., 2009; Cabrera et al., 2010; Gelan and Muriithi, 2012; Madau et al., 2017;
Galluzzo, 2018a);

1. The livestock unit (LSU): 0.20 for calves, 0.70 for heifers, 0.60 for steers, 1.00 for dairy cows (Aras, 1988).

2. Land area

3. Annual homegrown feed cost: costs for producing feed crops (seed, fertilizer, oil, harvest, water, etc.)

4. Annual purchased feed cost

5. Annual veterinary, medicine, and artificial insemination cost

6. Annual water and electricity cost

7. Annual additional costs: cleaning, vehicle renting, pasture renting, insurance, transportation

8. Annual labor costs: family labor, payments for permanent and temporary workers

Table 1. Summary statistics of the inputs used in the efficiency analysis (TL)

Outputs Min. Max. Mean Std. Dev.
Model 1. (without subsidies) 37800.0 13834400.0 1552402.5  2792332.1
Model 2. (with subsidies) 39145.0 15499400.0 1689755.6  3054894.1
Inputs
LSUs 5.8 1307.7 170.9 278.6
Land (ha) 0.0 600.00 443 68.1
Homegrown feed cost 0.0 3845000.0 90464.9 347209.4
Purchased feed cost 20300.0 8145000.0 941642.0 1785286.5
Veterinary, medicine and artificial insemination 2000.0 670000.0 61130.7 111533.8
cost
Water and electricity cost 360.0 496000.0 35326.2 72390.4
Additional costs 150.0 965000.0 58726.1 156581.1
Labor cost 5657.5 2280960.0 188146.6 378714.6

2.3.2 Tobit Regression

At the third stage of the study, due to efficiency scores change between 0 and 1, a Censored Regression
Analysis known as Tobit Regression was used. This method was chosen to analyze the relationship between
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technical efficiency and characteristics of farmers or farms. The relationship (Eq.4) is described as (McDonald,
2009);

yi=xp +e (Eq. 4)

where the x;/¢1 are normally, identically and independently distributed with mean, zero, and variance, 2, x; is
a 1 x k vector of observations on the constant and k - 1 efficiency factor explanatory variables and g ak x 1 vector
of unknown coefficients, , y; is latent variable (Eq.5);

If y; <0,theefficiency score for the i, production unit,y; = 0,
If y; = Ly, =1, (Eq. 5)
f 0<y;<l,y;=y;
¥;, are the censored values of y; , with censoring below zero and above one.
After the Tobit model (Eq.6), the changes in the unconditional expected value of the observed dependent
variable, which means marginal effects, were calculated by using McDonald and Moffitt (1980) decomposition;

0E () /0 x (Eq. 6)

According to McDonald (2009), if the probability that y, takes a limit value is small, marginal effects will be
similar to coefficients (B values). In this study, because zero is the lower censored limit and one is the upper
censored limit, the coefficients and marginal effects are closer. Descriptive statistics of a dependent and nine
independent variables are shown in Table 2. In this study, DEAP was used for DEA, and STATA was used for the
Tobit model.

Table 2. Descriptive statistics

Dependent Variable Min. Max. Mean Std. Dev.
Technical efficiency scores 0.287 1 0.804 0.198
Independent Variable Min. Max. Mean Std. Dev.
Age (AGE) 24.0 78.0 44.71 10.68
Experience (EXP) 01.0 53.0 19.33 12.56
Family size (FSIZE) 01.0 06.0 02.30 1.24
Share of livestock in agricultural income (SHARE) 20.0 100.0 76.02 22.60
\ng;[?]{g Description Frequency P(e:);)c)ent
Cooperative membership Dichotomous 0: No 48 343
(COOP) 1: Yes 92 65.7
Whether have a non-agricultural Dichotomous 0: No 68 48.6
income (NAINC) I: Yes 72 51.4
. 1: primary school 58 41.4
Education (EDU) ng;g?r?lal 2: high s?l;ool 49 35.0
3: university 33 23.6
Whether tend to give up . 0: No 73 52.1
farming (GIVE) Dichotomous |, yeg 67 479
Whether have a credit debt Ordinal 0: No 68 48.6
(CRE) Categorical 1: Yes 72 514

3. Results and Discussion
3.1. Characteristics of farmers and farms

Average age and farming experience are 45+11 and 19+13 years, respectively. Income from livestock products
constitutes a large share (76%) of total farm income. The ratio of primary school, high school, and university
graduates are 41.4%, 35%, and 23.6%, respectively. Most of them are member of cooperatives (65.7%) (Table 2).

The number of dairy cows is a minimum of 5 and a maximum of 1050. The LSUs are at least 5.8 and at most
1307.7. The quantity of milk production varies between 30 t and 9840 t. The average daily milk yield is 23.4+5.8
kg. Most of the farms (82.9%) produce both plant and livestock products. The agricultural land is totally 6.2
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thousand ha and averagely 44.3 ha. The area used for feed crops is 4.2 thousand ha. Farmers mostly cultivate wheat
(44.2%), silage corn (21.3%), barley (15.6%) and vetch (11.0%).

The feed used in the farms split into two groups; home-grown and purchased. Purchased feed constitutes almost
all (94%) the feed costs. The most important feeds in terms of costs are factory produced feed (62%), corn silage
(14%), alfalfa (8%), and wheat straw (5%).

3.2. Results of DEA

The distribution of technical efficiency (TE) values by DEA are shown in Table 3. In Model 1, the average
input-oriented efficiency scores are 0.700 under CRS, 0.795 under VRS, and 0.886 for SE. It is noteworthy that
farms could produce the same output level with a reduction of 30.0% on inputs and they could be fully efficient.
Moreover, 11.4% of the efficiency could be increased by adjusting the farms to their optimal scale. Output-oriented
scores were 0.700 under CRS, 0.774 under VRS, and 0.912 for SE.

Table 3. The distribution of the technical efficiency scores

Model 1 Model 2

Scores CRS VRS SE CRS VRS SE
1 26 50 30 28 51 32
0.99-0.91 11 13 57 12 11 62
0.90-0.81 13 11 25 11 13 21
0.80-0.71 10 16 9 13 18 9
0.70-0.61 28 25 7 32 24 6
0.60-0.51 26 10 6 22 9 6
0.50-0.41 14 10 2 12 10 -
<0.41 12 5 4 10 4 4
Min. 0.242 0.261 0.303 0.230 0.287 0.303
Max. 1 1 1 1 1 1
Mean. 0.700 0.795 0.886 0.717 0.804 0.898

A case study on Thrace Region’s cattle farms conducted by Kumbar (2015) show that TE and SE scores are
0.49 and 0.80. These scores are 0.661 and 0.759 in Kirklareli (Terin et al., 2017). Both the efficiency scores in our
research are higher than in earlier studies. The average TE in studies conducted on dairy farms in different regions
of Turkey, respectively with CRS and VRS; 0.69 and 0.78 in East Mediterranean Region (Giil et al., 2018), 0.64
and 0.69 in Hatay province (Parlakay et al., 2015), 0.90 and 0.92 in izmir, Ege Region (Uzmay et al., 2009). In
this context, it is noteworthy that the efficiency in the Thrace Region is similar to other regions of Turkey,
excluding the Aegean Region.

The average TE scores of dairy farms in other countries, respectively with CRS and VRS; 0.904 and 0.991 in
Ireland (Galluzzo, 2018b), 0.966 and 0.988 across Europe (Madau et al., 2017), 0.931 and 0.962 in Bulgaria
(Galluzzo, 2018a), 0.499 in South of Brazil (Mareth et al., 2019), 0.70 and 0.86 in Spain (Gaspar et al., 2009),
0.549 and 0.576 in Greece (Siafakas et al., 2019), 0.577 and 0.583 in the USA (Chang and Mishra, 2011).

In this study, all farmers benefit from at least one type of supports. The ratio of them who gets milk premium,
calf and feed subsidies is 96.4%, 98.6% and 62.9%, respectively. Besides, about 20% of them gets insurance and
disease-free farm subsidies. These subsidies are provided farm income rise by 8.13%. According to Semerci and
Celik (2017) in Hatay province, absolute milk profit increases 0.09 $ with subsidies. In this study, it is noteworthy
that TE scores increase by 2.43% under CRS and 1.13% under VRS by means of subsidies. The scale efficiency
is also 1.35% higher. The milk premium and calf subsidies are important policy tools that affect farm-level
efficiency. Almost all producers receive these subsidies, and they take an important place in total subsidies.

In Extremadura, Spain, Gaspar et al. (2009) calculated that subsidies raised technical and scale efficiencies by
13.09% and 12.75%, respectively. In the USA, farmers’ efficiency, who are getting Milk Income Loss Contract
payments, are 2.53% higher under CRS and 2.36% higher under VRS (Chang and Mishra, 2011). In Portugal,
subsidies were increased the Azorean dairy farmers' efficiency by 0.73% under VRS and 1.53% under CRS (Silva
and Marote, 2013). Some studies conducted with livestock farms in England, Wales, Germany, and Spain show
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that direct payments have a positive effect and tend to increase efficiency (Hadley, 2006; Kleinhan8 et al., 2007;
Chidmi et al., 2010; Guesmi and Serra, 2015). Bajrami et al. (2017) stated that there is no difference in the
efficiency of farms with and without quality premium and feed support, in Kosovo. On the contrary, Zhu et al.
(2012) showed that an increase of one per cent in the share of total subsidies in total dairy farm income leads to a
1.12%, 0.87% and 0.89% decrease in efficiency in Germany, the Netherlands and Sweden, respectively. Direct
payments for France beef farms and Swiss farms, decoupled payments for German dairy farms, operational and
investment subsidies for Czech dairy farms were negatively affected and declined efficiency scores (Ferjani, 2008;
Latruffe et al., 2008; Latruffe et al., 2009; Skevas et al., 2018). Oziidogru (2010) found that livestock supports
negatively affect the probability of being full efficient, in the Black Sea Region, Amasya.

The farms with the highest TE scores are in the 1st, 2nd, and 5th scale groups. In terms of SE, the efficiency
of medium-sized farms (2nd and 3rd group) is higher (Table 4). There was also a statistically significant difference
between the farm scale groups (Kruskal Wallis, p<0.05). Earlier studies have shown that large-scale farms have
higher scores (Uzmay et al., 2009; Zhu et al. 2012; Kumbar, 2015; Giil et al., 2018). According to the potential
improvement rates of the input-oriented model, small and medium farms must reduce their feed costs to produce
the same output, while the largest farms must reduce their labor and additional costs. Moreover, output-oriented
model results show that to achieve full efficiency without any increase in inputs, subsidies should be increased
20.1%-28.8% on the first four scale groups, while 18.9% for the largest one (over 100 dairy cow).

Farms with the highest increase in efficiency scores with supports are medium-sized (3rd and 4th groups)
(Table 4). 1t is noteworthy that these groups have the lowest TE scores. In Wisconsin, the USA, Chidmi et al.
(2010) and Curtis et al. (2016) found that farms that have lower efficiency were benefited more from government
payments. According to Curtis et al. (2016), the effect of the payments is about eightfold higher for lower TE
farms. Besides, the other farms that the subsidies increase the efficiency have largest scale (5th group). An
important reason for this is that large-scale farms benefit from EU-approved and disease-free farm subsidies, while
small-scale ones cannot. Also, large scale farms use these payments for on-farm investments and implement some
cost reduction strategies. Chang and Mishra (2011) reported that supports had significant effects only on large-
scale farms. Milk yield is also an important determinant of production value and efficiency. The daily yield is 24.7
kg for full efficient farms, while 22.8 for others. The results of studies such as Gongalves et al. (2008) in Minas
Gerais Brazil, Allendorf and Wettemann (2015) in North Rhine-Westphalia, Germany also reported the same
results. In a study conducted by Spicka and Smutka (2014) among EU Regions, it was found that the milk yield
was higher where dairy farming was more efficient.

Table 4. Technical efficiency scores by farm scale

Group-1 Group-2 Group-3 Group-4 Group-5 p

5-14 15-29 30-49 50-99 100 +

Model 1 CRS 0.651 0.791 0.608 0.590 0.824 .000*

VRS 0.862 0.855 0.643 0.681 0.895 .000*

SE 0.756 0.923 0.944 0.889 0.920 .002%*

Model 2 CRS 0.659 0.801 0.629 0.616 0.849 .000*

VRS 0.862 0.859 0.659 0.700 0.905 .000*

SE 0.768 0.929 0.956 0.899 0.937 .001*
Difference CRS 1.24 1.20 3.47 4.42 2.99
between models VRS 0.00 0.47 2.49 2.79 1.12
(%) SE 1.59 0.65 1.27 1.12 1.85

* Kruskal Wallis, significant at p<0.05.

The ratio of fully efficient farms is %18.6 (26 farms) under CRS and %35.7 (50 farms) under VRS. The ratio
is %52 with CRS and %62 with VRS in Izmir, %14 with CRS and %23 with VRS in the Eastern Mediterranean
Region (Uzmay et al., 2009; Giil et al., 2018). It was found that 11.5% of farms in Greece and 7.4% in Portugal
are fully efficient (Silva et al., 2013; Siafakas et al., 2019). Out of 29 in 50 (58%) fully efficient farms are on the
first two scale groups, while 14 of them (28%) are on the largest group.
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According to results of DEA, 48.6% of farms exhibit increasing return to scale (irs), 28.6% decreasing return
to scale and 22.8% constant return to scale (crs). An earlier study in Thrace found that 82.3% of farms have irs
and 8.6% drs (Kumbar, 2015). The ratio of farms exhibit irs is 75.7% in the Eastern Mediterranean Region and
61.6% in Hatay (Parlakay et al., 2015; Giil et al., 2018). It is noteworthy that the farms in the two largest groups
mostly work with drs, while small and medium-sized farms operate with irs. The Chi-square test results were also
significant (Table 5). Accordingly, a 1% change in inputs leads to smaller changes in output in most large-scale
farms. Ceyhan and Hazneci (2010) stated that small and medium-sized farms have irs and Spi¢ka and Smutka
(2014) reported that large farms have drs. In Brazil, the ratio of small and medium-sized farms works with irs are
74.11% and 60.70%, while this ratio is 48.2% for larger farms (Gongalves et al., 2008).

Table 5. Returns to scale

Group-1 Group-2 Group-3 Group-4 Group-5 Total Pearson
514 1529  30-49 5099 100+ Chi-Square
crs 5 12 4 2 9 32
2 —
Model 1 drs 0 2 5 12 21 40 *° 0733()3*1
irs 25 16 21 6 0 68 P
crs 6 10 4 3 11 34
2 —
Model 2 drs 0 4 7 12 19 2 * 0636308*1
irs 24 16 19 5 0 64 P

* Significant at p<0.001
3.3. Results of Tobit analysis

The results of Tobit analysis are shown in Table 6. The education level of farmers, the share of livestock in
total income, family size and whether tend to give up farming are significantly affecting TE. Factors that did not
have significant effects are age, experience, cooperative membership, non-agricultural income, and credit debt.

Table 6. Results of Tobit analysis

Marginal
Coef. Std. Error t p Effects
AGE -0.0001532 0.002821 -0.05 0.957 -0.0001612
EXP -0.0016683 0.002610 -0.64 0.524 -0.0017556
EDU 0.0668275 0.035538 1.88 0.062%* 0.0703272
SHARE 0.0036793 0.001236 2.98 0.003* 0.0038719
FSIZE 0.0437597 0.020783 2.11 0.037* 0.0460513
Ccoop 0.0069908 0.055564 0.13 0.900 0.0069884
NAINC 0.0401845 0.049230 0.82 0.416 0.0401709
GIVE -0.1195647 0.047672 -2.51 0.013* -0.1195186
CRE -0.0099415 0.050897 -0.2 0.845 -0.0099382
CONSTANT 0.4426313 0.173314 2.55 0.012 -

**Significant at p<0.1, * Significant at p<0.05.

The relationship between age and experience and TE is negative, but not statistically significant. Earlier studies
conducted both Turkey and other countries were also reported that age and experience had no effects on efficiency
(Chang and Mishra, 2011; Gelan and Muriithi, 2012; Guesmi and Serra, 2015; Giil et al., 2018).

Education level has a positive and significant effect. Categorical increase in education raises the efficiency
score by 7.0%. The average TE scores of primary and high school graduates are 0.767 and 0.797, while 0.877 for
farmers having a university degree. The educational background has utmost importance to efficient use of
resources and to adopt new technologies, innovations, and modern methods (Ferjani, 2008; Giil et al., 2018; Mareth
etal., 2019).

A 1% rise in the share of livestock in total income increases efficiency by 0.39%. Jiang and Sharp (2015) in
South Island, New Zealand, Dagistan et al. (2009) in East Mediterrean, Hazneci and Ceyhan (2015) in Black Sea
Region also stated that efficiency could be adversely affected due to reduction of specialization and intensity,
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increasing crop production and land size and farmers can neglect dairy farming. According to Alvarez et al. (2008)
in Spain, extra practices such as fertilization, harvest, pasture silage etc. for plant products lead to reduce the
efficiency of extensive dairy farms.

Results of Tobit show that family size has a positive effect on efficiency and a person difference increases the
efficiency by 4.6%. This result is consistent with other studies conducted in both different countries like Wisconsin,
USA (Cabrera et al, 2010), Catalonia, Spain (Guesmi and Serra, 2015) and Turkey (Uzmay et al., 2009; Ceyhan
and Hazneci, 2010).

The relationship between non-agricultural income and the efficiency is positive, but not significant. TE score
of farmers that have non-agricultural income is 0.806, while 0.783 for others. In Mexico, Pfeiffer et al. (2009)
stated that farmers with higher off-farm income use more additional inputs. Moreover, whether the farmer have a
credit debt has negative sign and statistically insignificant. The average TE scores of farmers without credit debt
(0.822) are 4.6% higher than those have debt (0.786). Farmers with better financial conditions can easily purchase
necessary additional inputs and invest new technologies for increasing milk production, and they can be more
attentive to animal health and welfare, veterinary services and feeding practices (Chang and Mishra, 2010; Mareth
et al., 2017). The tendency of given up dairy farming leads to a decrease in efficiency by 11.95%. It is noteworthy
that the mean TE scores are 0.832 for farmers intend to sustain farming, while 0.773 for those intend to give up.

4. Conclusion

In Turkey, the effects of agricultural policies and subsidies on efficiency are one of the most important issues
being discussed today, however, research on the issue is limited and previous studies on dairy farming have not
considered the impacts of policies.

Results of DEA show that policy tools have a positive effect on farms efficiency for all the farm scales, except
the smallest scale. CRS, VRS and SE scores of farms raised by 2.43%, 1.13% and 1.35%, respectively. It is worth
noting that subsidies provide a small improvement. It is recommended to develop a mechanism to control and
regulate the use of payments by farmers such as improvements in the use of inputs or farm size, and investments.
It is of great importance to increase both the amount of subsidies and the number of farmers who receive these
subsidies. Moreover, the results of the study show that the increase is more crucial for farms under 100 cows rather
than for larger farms.

It is also noteworthy that the efficiency scores of small and large farms are higher, while lower for medium
farms. While small-scale farms try to use their limited resources effectively, large-scale farms have an advantage
due to their scale and professional management. The positive effect of subsidies on efficiency is more evident for
farms with lower scores. In this context, it is crucial to differentiate subsidies according to farm-scale and to create
different supports to maximize the efficiency of all farms. It is recommended that provide subsidies to increase the
size of especially small farms that operate at increasing returns to scale. Subsidies such as the donation of livestock
or feed, financial aid, and interest rebates on agricultural loans for the purchase of livestock are beneficial policy
tools for farmers to increase farm-scale. For larger farms operating with decreasing returns to scale, subsidies to
improve mechanization conditions and technology is crucial. In this case, knowledge transfer for the efficient use
of technology and digitalization, financial aid, and project-based supports for the modernization of large farms are
essential.

According to the results of the Tobit analysis, education, family size, the share of livestock in agricultural
income and the tendency to give up dairy farming have a significant effect on efficiency. However, age and
experience, membership in a cooperative, non-farm income and loan debt have no significant effect. A higher level
of education and better financial status is determinants for the use of modern production techniques, the purchase
of various suitable inputs, following developments on the market, and putting emphasis on feeding methods,
animal health and welfare. Within this framework, extension activities should be organized to raise both formal
and agricultural education levels. These training activities should relay information on the effective usage of inputs
and subsidies, financial management and marketing. Cooperative membership has an insignificant impact on-farm
efficiency. Therefore, the share of farmers' organizations in the market should be increased, and these organizations
should also be encouraged to the establishment of their own milk processing plants. According to the marginal
effects of the analysis, the farmer's tendency to abandon dairy farming has the greatest negative impact on technical
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efficiency. The sustainability of dairy farming in the region requires not only agricultural subsidies for farms, but
also social policies such as rural development. Solving structural problems of dairy farming and improving social
capabilities in rural areas would support the continuity of dairy production in the region.

As aresult, it was concluded that agricultural subsidies in the Thrace Region positively affect the efficiency of
dairy farms. The findings of this research are guiding in terms of establishing livestock policies, improving dairy
farming in the region, and increasing the efficiency and competitiveness of the farms. Other similar studies should
be carried out in different regions to make comparisons. Besides, it is crucial to put into practice the farm
accountancy data network and improve the statistical infrastructure for doing policy impact assessments.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

The Effect of Salinity (NaCl) Stress and Different Magnetic Applications on The
Germination of Cucumber Seeds (Cucumis sativus L.)

Tuzluluk (NaCl) Stresi ve Farkli Manyetik Uygulamalarin Hiyar (Cucumis sativus L.)
Tohumlarmin Cimlenmesi Uzerine Etkisi

Muhammed ALSUVAID *!, Yusuf DEMIR 2

Abstract

Salinity stress is one of the main factors that limit seed germination and plant growth. Therefore, magnetic water
was used because it had a positive effect on seed germination. This study was conducted to investigate the effect
of magnetic (MT1, MT2, MT3, MT4, and MT5) treatment of water passing through magnets 1, 2, 3, 5, and 8 times
respectively, and non-magnetic (NMT) treatment on the germination of cucumber seeds (Cucumis sativus L.)
under salinity stress (NaCl) (S1 =0.38 dSm™!, S2 =4.0 dSm™!, S3 = 8.0 dSm'"). The experiment was conducted by
the design of a one-way ANOVA with three replications. The results showed that water salinity stress a
significantly decrease in the final germination percentage (FGP), germination index (GI), coefficient of the
velocity of germination (CVG), germination percentage 4th day (GP), and germination rate index (GRI), while the
mean germination time (MGT) increased significantly. In addition, the FGP, GP, GI, CVG, and GRI were
significantly increased and the MGT was significantly decreased when using magnetic water compared to non-
magnetic water. The highest values of FGP, GP, GI, CVG, and GRI were at S1 while they decreased by 7.8%,
10.0%, 15.8%, 2.4% and 16.2%, respectively in S3 (8.0 dSm™", compared to S1 (0.38 dSm™"). The highest FGP
values of 92.20% at MT4 were obtained with S1 salinity (0.38 dSm™') and the lowest FGP value of 72.20% at
NMT with water salinity S3 (8.0 dSm"). The results of the research showed that magnetic water treatment has a
positive effect on the germination of cucumber seeds and that salinity stress reduced the germination of seeds.
Finally, it can be recommended to apply MT4 (water passed through the magnetic 5 times) to achieve the best
germination of cucumber seeds.

Keywords: Magnetic water treatment, Germination index, Salinity stress, Cucumber, Germination of seeds
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Oz

Tuzluluk stresi, tohum ¢imlenmesini ve bitki bilylimesini sinirlayan ana faktdrlerden biridir. Bu nedenle tohum
¢imlenmesine olumlu etkisi oldugu i¢in manyetik su kullanilmistir. Bu ¢alismada, tuzluluk (NaCl) Stresi ve farkli
manyetik uygulamalarin hiyar (Cucumis sativus L.) tohumlarinin ¢imlenmesi iizerine etkisi belirlemek amaciyla
yapilmistir. Calisma tesadif parselleri deneme desenine gore li¢ tekerriirlii yiirtitiilmistiir. Bu ¢alisma, bes farkli
manyetik uygulama (MT1, MT2, MT3, MT4 ve MTS5) manyetik ortamdan sirasiyla 1, 2, 3, 5 ve 8 defa gecirilmis
su ve manyetik olmayan (NMT) uygulamasinin hiyar tohumlarinin (Cucumis sativus L.) tuzluluk stresi (S1 = 0.38
dSm, S2 = 4.0 dSm™!, S3 = 8.0 dSm") altinda ¢imlenmesine etkisini arastirmak amaciyla yapilmistir. Calisma
sonunda, su tuzlulugu stresindeki artis son ¢imlenme yiizdesi (FGP), ¢imlenme yiizdesi 4. giin (GP), ¢imlenme
indeksi (GI), ¢cimlenme hiz1 katsayist (CVG) ve ¢imlenme orani indeksinde (GRI) azalmaya neden oldugu
gostermistir. Bununla beraber ortalama ¢imlenme siiresinde (MGT) artis goriilmiistiir. FGP, GP, GI, CVG ve GRI'
nin en yiiksek degerleri S1'de iken, S3'te (8.0 dSm™") Sl'e (0.38 dSm™!) gére sirastyla %7.8, %10.0, %15.8, %2.4
ve %16.2 azalmistir. Manyetik olan sulama suyu kullanildiginda FGP, GP, GI, CVG ve GRI' inde bir artisa neden
olmus ve manyetik olmayan sulama suyunun NMT olmasi durumunda ise azalmalar oldugu goriilmiistiir. En
yiiksek FGP degerleri %92.20 S1 tuzluluk (0.38 dSm™) ile MT4 konusunda, en diisik FGP degeri %72.20 su
tuzlulugu S3 (8.0 dSm™") ile NMT konusunda belirlenmistir. Aragtirma sonuglari, manyetik su uygulamasinin hiyar
tohumlarinin ¢imlenmesini olumlu etkiledigini ve tuzluluk stresinin tohumlarin ¢imlenmesini azalttigin
gostermistir. Caligma sonucuna gore, hiyar tohumlarinin en iyi ¢imlenmesini saglamak i¢in MT4 (manyetikten 5
defa geg¢irilmis su) uygulanmasi onerilmistir.

Anahtar Kelimeler: Manyetik su aritma, Cimlenme indeksi, Tuzluluk stresi, Hiyar, Tohumlarin ¢imlenmesi
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1. Introduction

Salinity is one of the main problems of both soil and irrigation water and a serious threat to agriculture (Munns
and Tester, 2008; Alsuvaid et al., 2022). One of the causes of salinity problems in agricultural lands in arid and
semi-arid areas is irrigation with low-quality water (Hossain, 2019). Soil salinity affects 10% of the total area on
the earth's surface and there is a continuous increase in the area of saline lands (Marcum, 2006; Carrow and Duncan
1998). While 1.5 million hectares of land in Turkey suffer from salinity problems (Ekmekgi et al., 2005; Asci,
2011; Demirkol et al., 2019). Although there are many different salts in nature, the most common is sodium
chloride (Kusvuran and Biology, 2012). Sodium chloride negatively affects plant life by creating osmotic stress
and/or toxic effects (Culha and Cakirlar, 2011; Houle et al., 2001). Salt stress inhibits the growth and development
of plants by causing osmotic and ion stress (Parida et al., 2005; Alsuvaid et al., 2022). Salt stress affects cell
division and elongation, causing a decrease in the number of cells in the root and stem, mitotic activity, and cell
division rate in plants (Burssens et al., 2000). Salt stress, a major environmental problem in arid, semi-arid, and
coastal regions, shows its first negative impact during the germination stage of plants (Passam and Kakouriotis,
1994). Salt damage during the germination period causes a decrease in water intake, structural effects of protein
organization, and changes in the transport of stored nutrients (Foolad and Lin, 1997). The speed of seed
germination and early seedling growth are the main factors limiting the growth and development of plants under
saline conditions and are considered the most important stage in plant life under harsh conditions (Tsegay and
Gebreslassie, 2014; Kitajima and Fenner, 2000). Salt stress may cause a significant decrease in the rate and final
germination percentage of seeds, which in turn leads to a decrease in yield (Tsegay and Gebreslassie, 2014).

Seed germination is improved by different seed treatments by magnetic fields, electric fields, microwave
radiation, and laser radiation (Hozayn et al., 2015; Pietruszewski and Kania, 2010). Recently, many researchers
found that the magnetic field was influential on seed germination and seedling growth (Namba et al.,1994; Hozayn
etal., 2015; Hozayn et al., 2014; Ul Haq et al., 2016). There are two types to study the effect of magnetic treatment,
the effect of magnetic treatment of seeds and the effect of magnetically treated water on seeds. Magnetic treatment
of the seeds increased plant growth and protein biosynthesis (Kordas, 2002). (Hozayn et al., 2015; Racuciu et al.,
2008) reported that when the seeds were exposed to a magnetic field, the activities of some enzymes were increased.
The use of magnetic technology is a new environmentally friendly technology (Ul Haq et al., 2016; Nimmi and
Modhu 2009). When using magnetic water compared to non-magnetic water, the percentage of seed germination
was increased. Magnetically treated water greatly affects the change of the chemical properties of water, and the
change of hydrogen bonds between water molecules, which leads to a change in the size of large salt crystals into
small salt crystals. This leads to a change in osmotic pressure (Amiri et al. 2006; Alsuvaid et al., 2022). Magnetic
water compared to non-magnetic water can enhance germination and enzymatic activities of seeds (Ul Haq et al.
2016). Magnetically treated water activates hormones and enzymes involved in the seed germination process
(Ahamed et al., 2013; Ismail et al., 2020). The use of magnetic water significantly improves seed germination and
emergence compared to non-magnetic water (Podlesny et al., 2004; Pietruszewski and Kania, 2010; Samarah et al.
2021). The magnetic field has led to an increase in the germination rate of some plants such as soybeans, tomato,
pepper, sunflowers, snap bean and wheat (Martinez et al., 2017; Atak et al., 2000; Oldacay, 2002; Yal¢in, 2018;
De Souza et al., 2006; Dalia et al., 2009; Grewal and Maheshwari, 2011; Fatahallah et al., 2014). However, there
are still few studies on the interaction effects of magnetically treated water irrigation and saline water irrigation on
seed germination. Therefore, the objective of this work was to study the effect of salinity (NaCl) stress and different
magnetic applications on seed germination.

2. Materials and Methods
2.1. Experimental conditions

This study was conducted to determine the responses of cucumber seeds (Cucumis sativus L.) to different
salinity (NaCl) stresses and different magnetic applications during the germination period. It was conducted in the
laboratories of Ondokuz Mayis University, Faculty of Agriculture, Agricultural Structures and Irrigation
Department in Samsun, Turkey, in 2021.

The magnetic device VR-WS-D-001 (total length 120 mm, connector port 1/2-inch, diameter 51mm) used for
water treatment was purchased from Vigorrain Technology Co., Ltd., China. Water is magnetically treated by
passing it through the device (Figure 1).
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Figure 1. Magnetic treatment device

2.2. Experimental design and water treatments

The experiment was conducted by the design of a one-way ANOVA with three replications. Magnetized water
is obtained by passing water through a magnet device. Magnetic treatment was applied on six different levels,
NMT (non-magnetic water treatment), MT1 (water passed through the magnetic once), MT2 (water passed through
the magnetic 2 times), MT3 (water passed through the magnetic 3 times), MT4 (water passed through the magnetic
5 times) and MTS5 (water passed through the magnetic 8 times). Three different types of salinity (NaCl) were used
for water (S2 =4 dSm™' and S3 = 8 dSm™') and tap water (S1 = 0.38 dSm™!). To obtain the appropriate salinity, salt
(NaCl) was added to tap water for the corresponding treatment.

Seeds were sterilized in 5% sodium hypochlorite solution for 10 min to ensure surface sterilization and rinsed
with distilled water. Sterilized seeds were placed in 9 cm diameter Petri dishes on two layers of filter paper
(Whatman's No: 1) and each Petri dish contained 30 seeds. 15 mL of lab-prepared and magnetically treated saline
was added to each Petri dish. Petri dishes were placed in an incubator left to germinate for 7 days at 12,000 lux
light, temperature 25+1 °C and 70% humidity. During the experiment, germinated seeds were counted every day,
and seeds with a root length of 2 mm were accepted as germinated according to the rules of the International Seed
Testing Association.

2.3. Calculation of germination parameters

Final germination percentage (FGP, %) and germination percentage 4th day (GP, %) were calculated from Eq.
1 and Eq. 2, respectively. It is clear that the higher the final germination percentage value, the higher the seed
germination (Scott et al. 1984; Mzibra et al. 2021).

Final Number of seeds germinated

FGP = x 100 (Eq.1)

Total number of seeds

Number of seeds germinated in the 4th day

GP = x 100 (Eq.2)

Total number of seeds

Mean Germination Time (MGT, day) was calculated as shown in Eq. 3, and the lower the mean germination
time, the faster the seed germination (Orchard and technology, 1977; Mzibra et al., 2021). Where F is the number
of seeds germinated on day x.

MGT = ZZLF (Eq.3)

Germination index (GI, %/day) was calculated as shown in Eq. 4, The GI value emphasizes both the percentage
of germination and its speed. The higher the GI value, the higher the percentage and germination rate. Where ni,
n2, ......N7 are the number of seeds germinated on days 1%,2".... 7% (Benech Arnold et al., 1991).

Gl= (7xn)+(6%Xn)+ -+ (1xn,) (Eq.4)

The coefficient of Velocity of Germination (CVG) was calculated as shown in Eq. 5, as the number of
germinated seeds increases, CVG increases and gives an indication of germination speed. Where N is the number
of seeds germinated every day, T is the number of days from seeding corresponding to N (Jones and Sanders,
1987).

CVG = 100 x (N1 + N2+...+Ni /N1T1+...+NiTi) (Eq.5)
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Germination Rate Index (GRI) was calculated as shown in Eq. 6, the higher the GRI values, the higher the rate
and speed of germination. Where G1, G2, .....G7 are the germination percentage on days 1%, 2", ...7" (Esechie and
Science, 1994).

GRI =G1/1+G2/2 +--.....+G7/7 (Eq.6)
2.4. Statistical analysis

The relationships between different water salinity and seed germination in different magnetic water conditions
were evaluated using JMP version 13.2 software for statistical analysis. The data were statistically analyzed by
analysis of variance (ANOVA) at the level of significance (HSD, P<0.05).

3. Results
3.1. The number of germinated seeds

Figure 2 shows the effect of different magnetic treatments on the number of germinated seeds of cucumber
seeds. Magnetic water led to an increase in the number of germinated seeds for all magnetic treatments as compared
to NMT water. The number of germinated seeds in the second day increased by 5.56%, 19.44%, 38.89%, 69.44%,
and 22.22% for the MT1, MT2, MT3, MT4, and MTS5 treatments, respectively, compared to the NMT treatment.
While the number of germinated seeds in the seventh day increased by 1.49%, 5.45%, 9.90%, 14.36%, and 4.46%
for the MT1, MT2, MT3, MT4, and MTS5 treatments, respectively, compared to the NMT treatment. The highest
number of germinated seeds was observed with the MT4 treatment, while the lowest rate was observed with the
NMT treatment. In addition, we observed that as water salinity levels increased, the number of germinated seeds
decreased. As shown in Figure 3, the highest number of germinated seeds (24.78 seeds) was found in treatment
S1, while the lowest value (22.83 seeds) was found in treatment S3 on the seventh day.

30 14

——NMT —-8-MT1 MT2 —¢MT3 —%-MT4 —e—MT5

25 A

20 A

15 A

10 A

Number of germinated seeds

Time (days)

Figure 2. Effect of different magnetic treatments on the number of germinated seeds of cucumber seeds.
NMT: non-magnetic water treatment; MT1, MT2, MT3, MT4, and MT5 represent water passed through the
magnetic 1, 2, 3, 5, and 8 times respectively

30 -
—4—51(0.38) —#-52(4.0) —4—S3(8.0)
25 4
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Figure 3. Effect of salinity (NaCl) stress on the number of germinated seeds of cucumber seeds
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3.2. Final germination percentage (FGP) (%)

The effect of salinity stress and magnetic treatments on the final germination percentage of cucumber seeds
was statistically significant (p<0.0001), as shown in Table 1. The values of the FGP decreased significantly with
increasing water salinity levels (Figure 44). The highest FGP 82.59% was found in treatment S1, while the lowest
value 76.11% was found in treatment S3 (Figure 44). However, the FGP was significantly increased by the
magnetic treatment (MT) compared to NMT (Figure 4B). According to the HSD test, the magnetic treatments,
NMT and MT1, were in one group, MT2 and MTS5 in another group. There was no significant difference between
the FGP values of these groups. The FGP values were 74.81%, 75.93%, 78.89%, 82.22%, 78.15% and 79.26% for
the NMT, MT1, MT2, MT3, MT4 and MTS5 treatments, respectively. The interaction effects between salinity stress
and magnetic treatments on the FGP of cucumber seeds were statistically significant (p<0.05) Table 1. The highest
values of FGP were obtained in MT4 with a salinity of S1 (0.38 dSm™") and the lowest FGP in NMT with the
salinity of irrigation water S3 (8.0 dSm™") (Figure 5). FGP was positively correlated to GP (r = 0.90), GI (r=10.92),
CVG (r=0.71), and GRI (r = 0.93) and negatively correlated with MGT (r = -0.70) that was significant at the 1%
level (Figure 6).

86
84 -

82 1

80 |

78 1

76

74
72 1

70

Final germination percentage(%)

S1(0.38) S2 (4.0) S3 (8.0) NMT MT1 MT2 MT3 MT4 MTS
Salinity Levels (dS/m) Magnetic Treatments

Figure 4. Effect of salinity (NaCl) stress (A) and different magnetic treatments (B) on the final germination
percentage of cucumber seeds. NMT: non-magnetic water treatment; MT1, MT2, MT3, MT4, and MT5
represent water passed through the magnetic 1, 2, 3, 5, and 8 times respectively. Mean values in the same
columns followed by the same letters are not significantly different according to the HSD test (P <0.05)
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Figure 5. Effect of magnetic treatments x salinity levels interaction on the final germination percentage of
cucumber seeds. NMT: non-magnetic water treatment; MT1, MT2, MT3, MT4, and MT5 represent water
passed through the magnetic 1, 2, 3, 5, and 8 times respectively. Mean values in the same columns followed by
the same letters are not significantly different according to the HSD test (P <0.05)
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3.3. Germination percentage 4" day (GP, %)

GP values decreased with increasing water salinity levels and increased with MT use. Both salinity stress and
magnetic treatments have significantly affected the GP (Table 1). The increase in salinity negatively affected the
GP values, for instance, S1 and S3 had a decrease of 6.9 and 10.0%, respectively (Table 2). While the GP values
increased by 3.4, 9.4, 15.6, 18.5, and 7.7% for the MT1, MT2, MT3, MT4, and MT5 treatments, respectively,
compared to the NMT treatments (7able 2). The interaction between salinity stress and magnetic treatments
significantly affected the GP of cucumber seeds (Table 1). The highest GP values were obtained at the MT4S1
treatment (7able 2). GP was positively correlated to GI (r = 0.92), CVG (r = 0.71), and GRI (r = 0.93) and
negatively correlated with MGT (r = -0.70) that was significant at the p<0.0001 levels (Figure 6).

Table 1. Summary of analysis of variance (ANOVA) for the effects of salinity levels (SL) and different
magnetic treatments (MT) on the FGP, final germination percentage, GP, germination percentage 4th day,
MGT, mean germination time, Gl, germination index, COV, coefficient of the velocity of germination, and

GRI, germination rate index of cucumber seeds

Source of P FGP GP GRI
variation Mean Square HSDoos Mean Square  HSDo.os Mean Square  HSDo.0s
C. Total 53

MT 5 145.68*** 2.62 190.97*** 3.33 31.20%** 1.02
SL 2 189.47%%** 1.51 271.80%** 1.91 107.09%** 0.58
MT*SL 10 11.03* 5.67 17.98%* 7.19 2.19%* 2.20
Error 34 3.40 5.47 0.51

CV (%) - 2.33 3.28 2.59
Source of MGT GI CVG

. F
variation Mean Square  HSDoos  Mean Square HSDo.os Mean Square  HSDo.os
C. Total 53

MT 5 0.0051%** 0.028 4866.12%** 16.53 0.0812%** 0.103
SL 2 0.0667*** 0.016 16604.39%** 9.49 1.0525%** 0.059
MT*SL 10 0.0003Ns 0.610 441.28" 35.72 0.0060NS 0.222
Error 34 0.0004 134.93 0.0052

CV (%) - 0.40 3.28 0.36

NS: Not significant, * Significant at p<0.05, ** Significant at p<0.001, *** Significant at p<0.0001. CV%: coefficient of
variation, dF: degrees of freedom

3.4. Mean Germination Time (MGT, day)

The effect of water salinity stress on the MGT of cucumber seeds was statistically significant (p<0.0001) (Table
1). MGT values increased with increasing water salinity levels. The MGT values were 4.90, 4.95, and 5.02 (day)
for the S1, S2, and S3 treatments, respectively (7able 2). The effect of magnetic treatments on the MGT of
cucumber seeds was statistically significant (p<0.0001) (7able 1). In addition, MGT was significantly reduced
using MT compared with NMT (Table 2). CVG values were 4.99, 4.97, 4.96, 4.95, 4.92, and 4.95 (day) for the
NMT, MT1, MT2, MT3, MT4, and MTS5 processors, respectively. The interaction effects between salinity stress
and magnetic treatments on the MGT of cucumber seeds were not statistically significant (Table 1). MGT was
negatively correlated to GI (r = -0.87), and CVG (r = -0.99) which was significant at the p<0.0001 levels (Figure

6).
3.5. Germination Index (GI, %/day)

It was determined that the GI by different water salinity levels was statistically significant (p<0.0001) (Table
1). With the increase of water salinity levels from S1 to S3, GI values decreased by 7.5 and 15.8% respectively in
the S2 and S3 treatments (7Table 2). The effect of magnetic treatments on the GI of cucumber seeds was statistically
significant (p<0.0001) (Table 1). GI was significantly increased using MT compared with NMT. While GI values
increased by 2.2, 8.1, 13.0, 19.4, and 7.6% for the MT1, MT2, MT3, MT4, and MT5 treatments, respectively,
compared to the NMT treatments (7able 2). The interaction effects between salinity stress and magnetic treatments
on the GI of cucumber seeds were statistically significant (p<0.05) (Table 1). The highest GI values of 437.00
(%/day) at MT4 were obtained with S1 salinity (0.38 dSm') and the lowest GI value of 301.33 (%/day) at NMT
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with water salinity S3 (8.0 dSm™") (Table 2). GI was positively correlated with CVG (r = 0.87) that was significant
at p<0.0001 levels (Figure 6).

Table 2. The effect of salinity (NaCl) stress and different magnetic treatments on the GP, germination
percentage 4th day, MGT, mean germination time, G1, germination index, COV, coefficient of the velocity of

germination, and GRI, germination rate index of cucumber seeds

Magnetic Treatments

effect £SEM GP GRI MGT Gl CVG
NMT 65.3+0.9d 25.5+£0.6d 4.99+0.02a  326.9 £6.8d 20.0 +£0.06¢
MT1 67.5+0.5cd 26.0 £0.5d 4.97+0.02ab  334.0 £6.4d 20.1 £0.07bc
MT2 71.5+1.5b 27.5+0.7¢c 4.96 £0.02bc  353.248.6bc  20.2 +0.07b
MTS3 75.6 £ 1.6a 28.8 £0.8b 4.95+0.02cd 369.3£10.7b  20.2 +0.08ab
MT4 77.4 £2.0a 30.6 £1.0a 4.92+0.02d 3904 +12.5a  20.3 +0.08a
MTS 70.4 + 1.1bc 27.3 £0.8¢c 4.95+0.02bc  351.8 £9.6¢ 20.2 £0.08bc
Salinity Levels effect +SEM
S1(0.38 dSm™) 75.6 £1.6a 30.0 £0.6a 490+0.01c  384.2+8.1a 20.4 £0.03a
S2 (4.0 dSm™) 70.3 £0.9b 27.740.4b 4.95+0.01b  355.2+4.5b 20.2 £0.02b
S3 (8.0 dSm™) 67.9 £0.8¢c 25.1£0.3¢ 5.02+40.01a  323.4+4.3c 19.9 £0.03¢
Magnetic Treatments x Salinity Levels interaction £SEM
S1(0.38dSm™) NMT  66.7 £1.6fg 26.9 £0.4efg  4.95 +0.01 341.7 +4.4efg  20.20 £0.06
MT1  68.9+09defg  27.4+0.3def 4.92+0.01 347.7 £5.0def  20.31 £0.05
MT2  76.7 £0.8bc 29.5+40.4bcd  4.90 +0.01 382.3 +4.8bcd  20.41 £0.05
MT3  81.1+0.9ab 31.6 £0.6b 4.88 +0.01 408.0 £7.0ab  20.50 £0.03
MT4  85.6+0.9a 343 £0.2a 4.86 +0.01 437.0+3.3a 20.56 +0.03
MT5 744 +1.2bcde  30.3+0.3bc  4.89+0.01 388.3+59bc  20.45+0.05
S2 (4.0 dSm™) NMT  66.0 £0.6fg 26.1 £0.4fgh  4.97 +0.01 337.745.0efg  20.10 £0.02
MT1  67.0 +£0.6fg 26.7+0.2efg  4.96 +0.01 345.0 £5.9efg  20.18 £0.02
MT2  70.0 £0.5cdefg 27.8 £0.5def 4.96 +0.01 353.7+6.6cde  20.16 £0.05
MT3  75.6 +1.3bcd 28.6 £0.2cde  4.95 +0.01 365.0+4.1cde  20.20 +£0.03
MT4 744 +09bcde  30.4+0.2bc  4.91 +£0.01 387.0+3.3bc  20.36 +£0.06
MT5  68.9+0.7edfg  26.5+0.5efg  4.95+0.01 343.0 £6.9¢fg  20.22 +£0.03
S3 (8.0 dSm™) NMT  63.3=+1.6g 23.4 +£0.41 5.05 £0.01 301.3 +6.1h 19.82 £0.05
MT1  66.7 £0.5fg 23.9+40.1h1  5.04 +0.01 309.3 £2.7gh 19.88 £0.06
MT2  67.8 +2.4efg 25.140.4ghl  5.02 +0.01 323.745.0fgh  19.94 +£0.03
MT3  70.0 £0.5cdefg 263 £0.4fg  5.01 +£0.01 335.0 £8.0efg  19.96 +0.03
MT4  72.2+09cdef  27.0+0.4efc  4.99 +0.02 347.3 £6.1def  20.05 £0.06
MTS  67.8 £0.9efg 25.140.2ghl  5.03 +0.01 324.0 +4.1fgh  19.90 £0.02

Note: NMT: non-magnetic water treatment; MT1, MT2, MT3, MT4, and MTS5 represent water passed through the magnetic
1,2, 3,5, and 8 times respectively. Mean values in the same columns followed by the same letters are not significantly
different according to the HSD test (P <0.05). SEM: Standard error of the mean.

3.6. Coefficient of Velocity of Germination (CVG)

The effect of salinity stress and magnetic treatments on the CVG of cucumber seeds was statistically significant
(p<0.0001) (Table 1). CVG values decreased with increasing water salinity levels. The GRI values were 20.41,
20.20, and 19.92 for the S1, S2, and S3 treatments, respectively (7able 2). In addition, GRI was significantly
increased using MT compared with NMT (Table 2). CVG values were 20.04, 20.12, 20.17,20.22, 20.32, and 20.19
for the NMT, MT1, MT2, MT3, MT4, and MTS5 treatments, respectively. The interaction effects between salinity
stress and magnetic parameters on the CVG of cucumber seeds were not statistically significant (7able 1).

3.7. Germination Rate Index (GRI)

GRI values decreased with increasing water salinity levels and increased with MT use as salinity stress and
magnetic treatments significantly affected GRI (Table I). As the water salinity levels increased from S1 to S3, the
GRI values decreased by 7.7 and 16.2%, respectively, in the S2 and S3 treatments (Table 2). GRI was significantly
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increased using MT compared with NMT. While the GRI values increased by 2.2, 7.8, 13.2, 20.0, and 7.2% for
the MT1, MT2, MT3, MT4, and MTS5 treatments, respectively, compared to the NMT treatments (Table 2). The
interaction between salinity stress and magnetic treatments significantly affected the GRI of cucumber seeds
(Table 1). The highest GRI values were obtained in the MT4S1 treatment (Table 2). GRI was positively correlated
to GI (r = 0.99), and CVG (r = 0.88) negatively correlated with MGT (r = -0.87) that was significant at the
p<0.0001 levels (Fig. 6).

FGP

GP

MGT

Gl

CcVG

Figure 6. Correlation coefficients between cucumber germination parameters resulting from magnetic
treatments and salinity levels using the mean values of the studied traits. (FGP, final germination percentage,
GP, germination percentage 4th day, MGT, mean germination time, GI, germination index, COV, coefficient
of the velocity of germination, and GRI, germination rate index). ™*: Not significant, * Significant at p<0.05,

** Significant at p<0.001, *** Significant at p<0.0001

4. Discussion

The results of the study showed that the final germination percentage, germination percentage 4th day,
germination index, coefficient of the velocity of germination, and germination rate index decreased significantly
with the increase of water salinity levels, while the mean germination time increased significantly. The highest
values of FGP, GP, GI, CVG, and GRI were at S1 while they decreased by 7.8, 10.0, 15.8, 2.4 and 16.2%,
respectively in S3, compared to S1 (Table 2). When studying the effect of salt stress on maize (Zea mays L.)
(Carpycy et al. 2009), Vicia sativa L. seeds (Akhtar and Hussain, 2009), (Benlioglu and Ozkan, 2020) Mung Bean
(Vigna radiata (L.) Wilczek) and (Kadioglu, 2021) Sage (Salvia ssp.), they found that due to the increase in salt
concentration, germination rates were decreased. The germination rate was significantly reduced or delayed due
to increased salinity levels (Pessarakli et al., 1991; Van Hoorn, 1991). Increased salinity levels decrease
germination; the cause can be due to the toxicity of certain ions or increased osmotic pressure (Haileselasie, 2012).
The decrease in germination rate is due to increased salinity levels and increased osmotic pressure which results
in preventing the entry of water required for germination to the seeds (Gheidary et al., 2017). The high levels of
salinity led to a decrease in the rate of germination, and the inhibition of enzymes required during germination
(Mansour 1994; Sadeghian et al. 2004). The detrimental effect of NaCl on germination was due to the osmotic
effect, salt stress, and toxicity of some elements (Castroluna et al., 2014). The increased salinity level delayed the
germination of seeds and reduced the germination rate (Hajer et al., 2006). Salinity and osmotic stress affect the
delay in the speed of germination and the decrease in germination percentage, which impedes the water uptake of
the seeds (Romero-Aranda et al., 2001; Samarah et al., 2021).

In addition, the FGP, GP, GI, CVG, and GRI were significantly increased and the MGT was significantly
decreased when using magnetic water compared to non-magnetic water. The effect of magnetic treatments on the
FGP, GP, GI, CVG, MGT, and GRI of cucumber seeds was statistically significant (p<0.0001) Table 1. While the
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FGP values increased by 1.5, 5.4, 9.9, 14.4, and 4.5% for the MT1, MT2, MT3, MT4, and MT5 treatments,
respectively, compared to the NMT treatments (Fig. 3B). The values of FGP, GP, GI, CVG, and GRI were
increased with the use of magnetic water and the highest values were obtained at MT4. The increase started from
MNT to MT4 and then started to decrease from MT4 to MTS5.

The reason for this is that magnetic water greatly affects the chemical composition of water, which affects the
solubility of minerals in the water. In magnetic water, the hydrogen bonds between the water molecules change,
which breaks the large salt crystals into small salt crystals. When magnetic water is used, it causes a change in the
chemical properties of water, and a change in the hydrogen bond angle, which leads to a change in the osmotic
pressure (Grewal and Maheshwari, 2011; Alsuvaid et al., 2022). The magnetic effect of water is due to changes in
the chemical and physical properties of water, which leads to an improvement in its solubility properties (Chang
and Weng, 2008; Amiri et al., 2006). The use of magnetic water significantly improves the germination and
emergence of seeds (Samarah et al., 2021; Aladjadjiyan 2002; Podlesny et al., 2004; Pietruszewski and Kania,
2010; Qados et al., 2010). The magnetic water interacts with the ions in the cell membrane of the seed embryo,
which leads to a decrease in the osmotic pressure (Yaycili et al., 2005) or an increase in the seed's absorption of
water (Reina et al., 2001). Magnetic water may be responsible for the activation of hormones and enzymes
involved in the germination process (Ismail et al., 2020). The increase in the rate of germination when using
magnetic water compared with non-magnetic water. It may be due to the effect of magnetic water on the amount
of water absorption in the seed cell membrane, and to the changes that occur in the osmotic pressure and the ionic
concentration of water that regulates the entry of water into the seeds (Mahmood and Usman, 2014). Magnetic
water activates the formation of proteins and accelerates seed germination (Ahamed et al., 2013). Magnetic water
can enhance the germination and enzymatic activities of seeds, the activities of amylase and protease are higher in
seed germination. Enzymes have an important role in providing nutrition for seed germination. (Ul Haq et al.,
2016) .

5. Conclusions

The results of the present study showed the significant effects of salinity stress and magnetic and non-magnetic
water on the germination of cucumber seeds. Salinity stress reduced the final germination percentage, germination
percentage 4th day, germination index, coefficient of the velocity of germination, and germination rate index,
while the average germination time decreased significantly. The highest values for FGP, GP, GI, CVG, and GRI
were found at S1 and the lowest values were at S3.

The results showed that magnetic water treatment improved FGP, GP, GI, CVG, and GRI, especially under
salinity stresses 4 and 8 dS.m™'. Magnetic water treatment was an effective method for promoting the germination
of cucumber seeds. Magnetic water is recommended due to its positive effect on the germination of cucumber
seeds and reducing the negative effect of salinity stress.
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Carob Flour Addition to Sourdough: Effect of Sourdough Fermentation, Dough Rheology
and Bread Quality

Eksi Hamura Kegiboynuzu Unu ilavesi: Eksi Hamur Fermentasyonuna, Hamur Reolojisine ve
Ekmeklik Kalitesine Etkisi

Senem KARLIDAG', Muhammet ARICI?, Gorkem OZULKU*

Abstract

Carob flour (CF) has been widely used in bakery formulations since containing various bioactive compounds, high
percentage of fibre, protein, vitamins and minerals. Sourdough fermentation is considered as a promising tool to
improve sensorial, textural and nutritional features of baked goods. The aim of this study is to investigate the
potential usage of Type I sourdough incorporated with carob flour in bread making. Empirical rheological
measurements were also performed in the flour blended with carob flour (0%, 2%, 4%, 6%, 8%, and 12%). Water
absorption capacity and dough development time increased significantly with the increase of carob flour (P < 0.05).
Energy and extensibility value of the samples decreased according to control sample (P < 0.05). Yeast number of
sourdough decreased with the increase of carob flour addition to sourdough (P < 0.05). The stimulation of Lactic
acid bacteria growth were determined by the addition of carob flour when compared to the control (P>0.05) but
no significant differences were observed among sourdoughs with the increasing level of carob flour. Usage of
carob flour via sourdough fermentation increased the quality properties of bread with sourdough as compared to
the commercial baker’s yeast bread including same level of carob flour. Highest concentration of the CF (8% and
12%) in formulation caused the raise of hardness (P < 0.05), which in turn was associated with the decrease in the
specific volume of the bread. CF addition of yeasted bread samples (CFYB) decreased the lightness (L*) of the
bread crust (P < 0.05). Sourdough fermentation was also improved the sensory acceptance of carob flour
incorporated breads. Low level of carob flour usage (from 2% to 6%) in sourdough making was not detrimental to
any of the sensory parameters in this study.

Keywords: Carob flour, Sourdough, Type I, Rheology, Bread quality
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Oz

Keciboynuzu unu, ¢esitli biyoaktif bilesikler, yiliksek oranda lif, protein, vitamin ve mineral i¢erdiginden firincilik
iiriinleri formiilasyonlarinda yaygin olarak kullanilmaktadir. Eksi hamur fermantasyonu, firincilik iriinlerinin
duyusal, tekstiirel ve besinsel 6zelliklerini gelistirmede iyi bir arag olarak kabul edilmektedir. Bu ¢aligmanin amaci,
kegiboynuzu unu ilave edilmis Tip I eksi hamurunun, ekmek yapiminda kullanim potansiyelinin arastirilmasidir.
Keciboynuzu unu ile karistirilmig unlarda (%0, %2, %4, %6, %8 ve %12) ampirik reolojik 6l¢iimler de yapilmustir.
Kegiboynuzu ununun artmasiyla su absorbsiyonu ve hamur gelisme siiresi 6nemli 6lgiide artmistir (P < 0.05).
Numunelerin enerji ve uzayabilirlik degeri kontrol numunesine gore azalmistir (P < 0.05). Eksi hamura
kegiboynuzu unu ilavesinin artmasiyla eksi hamurun maya sayisi azalmistir (P < 0.05). Ke¢iboynuzu unu ilavesi
ile eksi hamurda, kontrole (%0 kegiboynuzu) goére Laktik asit bakterilerinin gelisiminin tesvik edildigi
belirlenmistir (P < 0.05). Fakat, artan kegiboynuzu ilavesi ile eksi hamurlar arasinda istatistiksel olarak bir fark
gozlemlenmemistir (P>0.05). Eksi hamur fermentasyonu yolu ile kegiboynuzu unu kullanimi, ayni oranda
kegiboynuzu unu igeren ticari mayali ekmege gore ekmegin kalite 6zelliklerini artirmistir. Formiilasyondaki en
yiiksek kegiboynuzu unu konsantrasyonu (%8 ve %12) sertligin artmasina (P < 0.05) neden olmustur. Bu durum
ayni zamanda ekmegin spesifik hacmindeki azalma ile iliskilendirilmistir. Ticari mayali ekmege, ke¢ciboynuzu unu
ilavesi, ekmeklerin parlaklik (L*) degerini azaltmistir (P < 0.05). Eksi hamur fermantasyonu, ke¢iboynuzu unu
katkili ekmeklerin duyusal 6zelliklerini de gelistirmistir. Eksi hamur yapiminda diisiik seviyede keciboynuzu unu
kullanimi (%2-%6), bu ¢alismadaki duyusal parametrelerin higbirini olumsuz yonde etkilememistir.

Anahtar Kelimeler: Keciboynuzu unu, Eksi Hamur, Tip I, Reoloji, Ekmeklik Kalite
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1. Introduction

Incorporation of nutritious foodstuffs into food formulations is considered as a tool to increase the consumption
of healthy foods. Legumes (lentils, beans, carob etc.) and lupin are good examples of nutritious foodstuffs and
provide potential beneficial health effects (Rizzello et al. 2014; Yaver and Bilgicli, 2021). Bakery products, mainly
breads since mostly consumed, are considered as a good carrier for functional compounds of nutritious foods.
There are different types of manufacturing processes of bread making and sourdough bread making is one of them.

Sourdough is considered as a key element in traditional bread baking. The popularity of sourdough is increased
gradually since contributing significantly to the flavour, texture and nutritional quality of breads (Arendt et al.
2007; Gobbetti et al. 2019). The use of sourdough fermentation is also one of the options to improve the sensory
and functional quality of breads, containing nutritious foodstuffs. White bread enrichment is important for
improving the nutritional density and fibre content since white bread is lack of the essential amino acid (lysine),
minerals and vitamins. Many studies have been carried out to enhance the minerals, vitamins and other bioactive
compounds of breads (Gawlik-Dziki et al. 2017; Hayta and Is¢imen 2019; Ranjbar et al. 2019). Dietary fibre
enrichment was also carried out such as inulin (Bojnanska et al. 2015; Rubel et al. 2015; Sirbu and Arghire 2017),
sugar beet fibres (Filipovic et al. 2007), oat, and apple fibres (Kurek et al. 2018). Carob (Ceratonia siliqgua L.) has
also been used in order to enrich bakery products.

Carob is a kind of Mediterranean food, which contains low-molecular-weight carbohydrates, especially
sucrose, high amounts of polyphenols and dietary fibre (Owen et al. 2003). Carob flour is milled from the pulp,
seeds and germ of the carob fruit. The whole carob fruit contains 1-5 % w/w proteins, and 0.2—0.8 % w/w lipids,
9-13 % w/w crude fiber and 50-65 % w/w sugars. There are also significant amount of minerals (1-6 % w/w),
mainly calcium, magnesium, sodium, phosphorus, and iron (Salinas et al. 2015). Different parts of the carob fruit
can be used in various products such as beverages, confectionery and bakery goods. Salinas et al. (2015) conducted
a study which includes carob flours from seed germ (G) and from fruit pulp (P) fractions in white bread production.
Increasing levels of carob flour in breads showed lower specific volume and higher crumb firmness and chewiness
although protein content for G breads was higher than wheat bread. Several studies have also been performed for
incorporating the carob flour into cakes (Rosa et al. 2015), and biscuits (Vuji¢ et al. 2014). Carob flour usage is
very promising approach for gluten free formulations since having caroubin which is a specific water-insoluble
protein isolated from carob bean embryo. Smith et al. (2010) reported that viscoelastic properties of caroubin are
gluten-like and the formation of wheat-like dough is possible disulphide bonded high molecular weight proteins.

The adjustment of sensorial and technological parameters in bread formulation incorporated with nutritious
foodstuffs is one of the first requirements to receive the consumer’s acceptance. The manufacturing of the
sourdough enriched with carob flour and incorporating this sourdough into white bread are the main objectives of
this study. Three types of breads were produced as carob flour yeasted bread (CFYB), carob flour sourdough
yeasted bread (CFSYB) and carob flour sourdough bread (CFSB). The comparisons with each other were
performed in order to find optimal bread type in terms of sensorial and quality attributes. Chemical and
microbiological characteristics of sourdough and the quality characterization of the breads were investigated.

2. Materials and Methods
2.1. Materials

Carob flour (CF) used in this study was obtained from local seller (Atiseri Ltd., Mersin). CF was obtained by the
grinding of carob pulp and seed parts together. Wheat flour (Ova flour, Konya), bakery yeast (Saccharomyces
cerevisiae), and salt used in the bread making were supplied commercially.

2.2. Physicochemical and empirical rheological analyses of the composite flours

American Association of Cereal Chemists (AACC) International Standard Methods were used for determining
moisture (No: 44-15A), ash (No: 08-01), and sedimentation (No: 56-60A) values of the wheat flour and composite
flours containing 0%, 2%, 4%, 6%, 8%, and 12% carob flour (w/w). Wet gluten contents and gluten index (No:
38-12) were also determined according to AACC International (2000).

Mixing properties of the wheat flour and the composite flours containing 0%, 2%, 4%, 6%, 8%, and 12% carob
flour (w/w) were determined by Farinograf (Brabender, Farinograf AT, Germany) according to AACC Method
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No: 54-21. Extensogram characteristics of the samples were determined by using AACC Method No: 54-10
(AACC International, 2000). All of the tests on the samples were performed at least in duplicate.

2.3. Sourdough Preparation

Type I sourdough was produced with the mixing of 187.5 g flour and 112.5 ml tap water (dough yield [dough
weight X 100/flour weight], 160) and fermented at 25°C for 24 h. 30 g of fermented dough was subsequently
added as an inoculum to start the fermentation of new mixture of flour (168.75 g) and water (101.25 ml). It is
repeated five times to reach the constant technological properties (Ercolini et al. 2013). In addition, the composite
flours using in sourdoughs were prepared by mixing carob and wheat flour at the ratio of 0%, 5%, 10%, 15%,
20%, and 30% (w/w) aiming at the production of the carob flour level in the final bread dough as 0%, 2%, 4%,
6%, 8%, and 12%, respectively.

2.4. Chemical and Microbiological Characterisations of Sourdough

The measurement of pH, Lactic acid bacteria (LAB) and yeasts enumeration was carried out to determine the
technological properties of six different sourdoughs. 10 g sourdough was homogenized with 90 ml of sterile
peptone water (1 g/L) for the enumeration of yeast and LAB. Yeast and LAB counts were determined by using
Sabouraud dextrose agar (SDA, Oxoid) and De Man, Rogosa and Sharpe agar (MRS, Merck), respectively. The
pH of the sourdough was measured by pH meter (HANNA instrument, Germany).

2.5. Bread Making

Carob flour yeasted bread (CFYB), carob flour sourdough yeasted bread (CFSYB) and carob flour sourdough
bread (CFSB) were produced in this study. Carob flour sourdough yeasted bread (CFSYB) means that a bread
containing both sourdough (Type 1) and baker’s yeast. Baker’s yeast (Saccharomyces cerevisiae) was used in
yeasted bread formulations. 100 g blended flour containing 0%, 2%, 4%, 6%, 8%, and 12% CF, 2 g bakery yeast,
1.5 g salt, and additional water determined by farinograph were mixed until the optimum dough development in
the mixer (Oztiryakiler, OM10, Turkey) for the production of CFYB. 30% sourdough was added as dough basis
in the formulation of CFYSB and CFSB. Both CFYB and CFYSB dough were fermented at 30°C and 65%
humidity for 2 hours while CFSB fermented firstly at room temperature for 1 hour and then fermented at 30°C and
65% humidity for 22 hours. All bread samples were baked at 200°C for 30 min in stone based oven (Fimak,
Turkey).

2.6. Quality Analysis of the Breads

Hardness (N) value of the breadcrumbs was obtained from texture profile analyser (SMS TA.XT2 Plus, UK).
5 kg load cell and 36 mm diameter cylindrical probe were used. Two slices of 25 mm thickness were cut from
each loaf of bread and three measurements were performed for each bread sample. Bread volumes were measured
according to rapeseed displacement method using a loaf volumeter (Simsek Laborteknik A.S., Turkey) after the
cooling of the breads to room temperature. Colour values (L*, a*, b*) of the bread crumb and crust were determined
by using the CIE L*a*b* colour system on Chromameter (CR-100 Konica Minolta, Japan). Duplicate
measurements were carried out for each bread sample.

2.7. Sensory Analysis

A total of 14 untrained panellists between 25 and 40 years old participated in the sensory analysis. Crumb and
crust colour, smell, taste, and overall acceptability were the parameters to evaluate each sample for quality
attributes by the panellists. Each parameter was rated with a score from 1 to 5 (1 = dislike extremely, 3 = neither
like or dislike, 5 = like extremely). Breads were served in randomly to the panellists and the means of the data
were evaluated.

2.8. Statistical analysis

Statistical differences in the mean values of the results were determined by using one-way ANOVA with the J]MP
ver.6 software (SAS Institute, Inc. 2005).
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3. Results and Discussion

3.1. Physicochemical and empirical rheological properties of the blended flours

Table 1 shows the physicochemical and mixing properties of the flour samples. Wheat flour using in this study
was characterized with the highest moisture content (14.35%) and sedimentation value (37.50 ml) in all blended
flours sample. Ash content for the flour samples ranged from 0.537 to 0.833 %. The higher carob flour addition to
blended flours, the higher the ash content was obtained as expected since the carob flour contains high amounts of
elements such as calcium, potassium, magnesium, sodium and phosphorus (Ayaz et al. 2009; Musa Ozcan et al.
2007). The significant reduction was observed in the blended flour containing 6% and 8% CF in terms of wet
gluten content (P < 0.05). Diluting effect caused by decreasing the amount of gluten was not observed in the gluten
index value of the samples with the exception of the blended flour containing 4% CF as compared to control flour
(0% CF). This result can be supported by the study of Kaur et al. (2013) who reported that any significant
relationship between flour protein content and gluten index value. Addition of carob flour decreased the
sedimentation value of the composite flour as compared to control (0% CF). The sedimentation value of flour is
related to the swelling of the gluten fraction of flour in lactic acid solution (Shewry and Tatham 2000). In this
study, swelling of the protein (gluten from wheat flour and caroubin from carob flour) were higher in the blended
flour containing 6%-12% CF than the other blended samples. This can be the effect of water holding capacity of
caroubin described as also gluten-like protein and dietary fibre content of CF (Tsatsaragkou et al. 2014).

Increase in the level of CF additions provided an increase in water absorption (WA, %), as shown in Table 1,
from 58.38 % (control flour, 0%CF) to 60.95 % (blended flour containing 12% CF), which is in agreement with
the observations of Mis et al. (2012). Wang Jinshui et al. (2002) previously found that different fibres including
carob fibre increased water absorption capacity of the wheat flour. This phenomena was caused by the hydroxyl
groups in the fibre structure since allowing more water interactions through hydrogen bonding, as was previously
reported by Rosell et al. (2001). Similar trend was also observed in stability value, which was increased from 5.04
min for 0% CF to 11.10 min for 12% CF. The dough development time initially increased significantly with
addition of 2% and 4% CF and then decreased in the addition level of above 4% (Table 1). These results are in
line with the study carried out on bread dough enriched with carob fibre and oat wholemeal, in which the dough
development time and stability increased up to 2% for carob fibre addition (Mis$ et al., 2012). However, some
studies demonstrated that carob fibres did not modify the dough development time or the stability value (Wang
Jinshui et al. 2002).

Table 1. Physicochemical and mixing properties of blended flours

Carob

. . . Gluten o
o fosere b Selimemion b il waeo Do S
(%) oo
0 14.35£0.07*  0.537+0.004°  37.50+0.71° 26.35£0.07" 99.10+0.14*  58.38+0.03°  2.12+0.01°  5.04+0.02°
2 14.15£0.07  0.57240.002¢  29.50+0.71° 27.40£0.71*  97.45+1.63®  58.60+0.42°  8.24+0.01°  8.20+0.14¢
4 14.15£0.07°  0.642+0.001°  26=1.41¢ 27.10£0.42°  94.30+1.98°  59.90+0.14°  8.43+0.01°  9.85+0.45"
6 13.9040.14%  0.828+0.006" 33.50+2.12° 25.2540.92%  97.70+0.14®  60.30+0.57*"* 7.42+0.02°  9.30+.0.02°
8 13.85+0.07%  0.829+0.001°  33.00+1.41° 24.70+£0.14°  98.65+1.48"  60.55+0.49®  7.66+0.54® 9.50+0.13%
12 13.70£0.28°  0.833+0.004> 32.50+0.71*  ND. ND. 60.95£0.07*  7.78+0.61®  11.10+0.12*

 Dry basis

Means with a same letter within a column are not significantly different (P < 0.05).

According to the extensographs results (Table 2), wheat flour (0% CF) showed greater energy value (cm?) than
composite flours. Both energy and extensibility value decreased with the addition of CF, but no gradual reduction
was detected. Maximum resistance to extension (Rm, BU) increased significantly above 4% CF addition. There
were no significant differences between 0% and 2% CF samples in terms of the ratio number. With increase in the
level of CF from 2% to 12%, the ratio number of dough gradually increased. As proving time is extended (45, 90,

545



Karhdag & Arict &Oziilkii
Carob Flour Addition to Sourdough: Effect of Sourdough Fermentation, Dough Rheology and Bread Quality

and 135 min), energy value, Rm, and ratio number increased while extensibility (mm) decreased. The extended
proving times (45, 90, and 135 min) were not affect the energy and extensibility value (P>0.05) in wheat flour (0%
CF).

Table 2. Extensogram properties of blended flours

Carob Flour

Level (%) 45 min. 90 min. 135 min.

0 133.00+5.20 162.00+12.58* 146.67+27.39*

2 122.33+1.53% 152.67+13.58%4 147.67+8.08*

4 120.00+4.36°® 139.00+7.81°* 146.33£11.15%
Energy (em’) 6 118.67:9.87 146.67+6.66 145.6711.06*

8 104.67+2.088 134+10.82%4 128.00:£5.29%4

12 97.33+3.21F 115.00+13.45 117.67+3.06°

0 174.00:£7.94% 159.33+21.55* 126.67+43.56"

2 175.00:£5.20 149.67+13.20* 149.67+20.60*
Extensibility 4 160.67+6.81°* 117.33+28.68% 134.33+2.89%AB
(mm) 6 135.33+11.06% 114.67+4.62% 108,672, 8908

8 115.67+3.51% 110.33+13.58AB 94.00+7.21°4®

12 105.00+1.73% 86.67+2.08°° 90.33+3.5148

0 634.00+12.49°° 880.67+41.63% 904.67+20.40°

2 625.33+7.09°¢ 846.00+42.16%° 906.00+25.63°
Maximum 4 640.67+37.50" 967.33+22.30° 1006.33:28.43%
(El;‘g’)“s“’“ 6 700.67+40.38°® 1110.67+46.70°4 1165.67+40.08*

8 710.00+18.36% 1104.67+24.17® 1202.33+5.51*

12 732.33+20.74% 1167.67+25.28* 1171.00+21.70*

0 2.63+0.23%8 4.03£0.68% 4.80+0.85%4

2 2.50+0.20%¢ 3.77+0.12% 4.70+0.56%

4 3.10+0.17% 5.83+0.60° 6.07+0.25
Ratio Number

6 4.20+0.528 8.30+0.26" 9.37+0.93%

8 5.47+0.15¢ 8.93+0.81%8 12.304+1.00™

12 6.47+0.23% 12.67+1.01%4 12.93+0.67*

Means with a same lower-case letter within a column are not significantly different (P < 0.05).
Means with a same upper-case letter within a row are not significantly different (P < 0.05).

3.2. Chemical and Microbiological Characteristics of Sourdough

Six sourdoughs were produced at different carob flour percentage ranging from 0% to 30% in order to ensure
the carob flour level of 0% to 12% in the final bread dough. The pH of the sourdoughs during refreshment
procedure was shown in Figure 1. The sourdough containing 5% of CF showed the highest pH (¢-5.50) in all on the
day 0. Esteve et al. (1994) suggested that pH of well-developed sourdough ranged from 3.5 to 4.3. The pH of all
sourdoughs was in this range on the 2™ day except from the sourdough containing 30% CF. The sourdough
containing from 0% to 10% CF reached the constant the pH after two refreshment procedure referring day 3™ while
the sourdoughs including higher levels of CF (15% - 30%) became constant on the day 4. The variations between
the flours caused such differences in the pH of the sourdough. Complementary studies reported that sourdoughs
achieved constant pH after 5 to 7 days of propagation (Ercolini et al. 2013). In a study of conducted by Rizzello et
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al. (2014), five days were required for wheat—legume sourdough to become almost constant. The pH of faba bean
sourdoughs also stabilized from the day 5 onward (Coda et al. 2017).
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0 1 2 Days 3 4 5 6
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Figure 1. The pH of the sourdoughs during refreshments

Fermentation steps determine the microbial stability of sourdough since adaptation of sourdough LAB and
yeast depended the environmental conditions. Several studies demonstrated that numbers of LAB ranged from 6
to 9 log CFU/g and yeasts from 5 to 8 log CFU/g in the mature sourdough (Minervini et al. 2012). Yeast cell
densities of this study ranged from 5.10+0.02 log CFU/g (30% CF sourdough) to 7,43+0,08 log CFU/g (0% CF
sourdough) in accordance with the results of previous studies (Lattanzi et al. 2013; Minervini et al. 2012). CF
addition of sourdough caused a significant reduction of yeast cell densities of sourdough (7able 3).

Table 3. Yeast and LAB counts of sourdoughs enriched of carob flour (Log cfu/g)

Carob Flour Level (%)

Days 0 5 10 15 20 30
0 6.04+0.06°* 5.38+0.2298 4.05+0.02°¢ 3.8120.09¢ 3.50+0.09°P 3.46+0.119P
1 6.26+0.20°A 5.37+0.1348 4.19+0.01¢P 3.99:+0.08°PE 3.74+0.06d°E 4.34+0.17¢
2 6.98+0.20 6.16+0.25°8 6.35+0.23%B 4.96+0.129C 3.92+0.139P 4.56+0.125C
3 7.19+0.228A 6.60+0.25B 6.160.10¢ 5.25+0.11¢P 4.7340.16°F 4.74+0.11°F
4 7.34+0.13A 6.87+0.068 7.17+0.0234 5.62+0.13%¢ 5.15+0.11°P 4.82+0.112F
5 7.43+0.08%4 7.26+0.0334B 7.20+0.05%8 6.59+0.13%¢ 5.63+0.13%P 5.10+0.023F
0 6.09+0.08°P 7.62+0.19°A 7.460.25% 7.18+0.04°AB 6.86+0.01°B¢ 6.44+0.36°CP
o 1 7.230.04b<P 9.230.26A 8.96+0.11°4B  8.524+0.41"BC  8.4240.01%C 8.15+0.19"C
g%ﬂ 2 7.78+0.99°8 9.2620.04 9.26+0.3734 9.17+0.08%4 9.09+0.4934 9.04+0.0134
é 3 8.07+0.08°B 9.460.37%A 9.37+0.37%4 9.25+0.10%4 9.13+£0.3134 9.09+0.2834
4 8.2240.02%°8 9.49+0.33%A 9.45+0.0234 9.36+0.2834 9.22+0.06% 9.20+£0.1234
5 9.33+0.75% 9.97+0.25%4 9.57+0.5234 9.51+0.0434 9.41+£0.26% 9.25+0.0334

Means with a same lower-case letter within a column are not significantly different (P < 0.05).
Means with a same upper-case letter within a row are not significantly different (P < 0.05).
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The growth of LAB were stimulated by the addition of CF according to the control (P>0.05) but no significant
differences were observed among sourdoughs with the increasing level of CF. LAB cell densities were between
9.2540.03 and 9.97+0.25 log CFU/g on the day 5 (Table 3) as reported by Ercoloni et al. (2013) that presumptive
LAB reached stable values above 9.0 log CFU g'!' in mature sourdough. Some studies also indicated that the cell
densities of LAB was 9 log CFU/g and stayed almost constant after the second day of sourdough. This was a quite
common observation for cereal sourdoughs or cereal-legume mixtures (Van der Meulen et al. 2007). In a similar
manner, addition of CF to the sourdough ecosystem promoted LAB counts significantly after 1% fermentation
referring day 1. The LAB cell numbers of these doughs above 9.0 log CFU g*! on the day 2 while 0% CF sourdough
reached on the day 5 (Table 3). Coda et al. (2017) previously observed during sourdough-type propagation of faba
bean flour and the cell density of LAB was found 9.7 £ 0.1 and 9.9 + 0.1 log CFU/g for Italian and Finish cultivar
faba bean sourdoughs on the day 2, respectively. On the other hand, the cell densities of LAB reached the values
of 8.6, 9.0, 8.7, and 9.5 Log CFU/g in spontaneous legume fermentations for bean, chickpea and wheat-legume
sourdoughs after 5 days (Rizzello et al. 2014).

3.3. Quality Characteristic of Breads

Bread characteristics were evaluated on carob flour yeasted bread (CFYB), carob flour sourdough yeasted
bread (CFSYB) and carob flour sourdough bread (CFSB). Specific volume of CFYB samples prepared by blended
flour showed higher values than CFSYB and CFSB. The specific volume of all breads decreased with increase in
the addition level of CF (Fig. 24).
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Figure 2. Physical properties of breads

A) Specific volume (ml/g) according to carob flour level, B) Hardness value (N) according to bread types. CFYB: Carob
flour yeasted bread, CFSYB:Carob flour sourdough yeasted bread, CFSB: Carob flour sourdough bread. Means with a same
letter are not significantly different (P < 0.05). Each mean has been compared among its own bread types.
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Salinas et al. (2015) reported that the increment of carob seed germ diminished the specific volume of breads
gradually. Contrary to these results, Turfani et al. (2017) reported that the bread blended with 10% refined CF
produced a statistically significant higher loaf volume than control bread. Different parts of the carob fruit such as
germ and pulp cause different influences on wheat dough performance and bread quality (Salinas et al. 2015). This
could be the reason of dissimilar findings in some research. CFSYB samples showed higher specific value than
CFSB samples, probably due to the effect of bakery yeast in formulation. Figure 2 presents also hardness value of
breads. Highest concentration of the CF in formulation caused the raise of hardness (Fig. 2B), which in turn was
associated with the decrease in the specific volume of the bread. This was not in agreement with the results of
Wang Jinshui et al. (2002) who found the crumb softness effect produced by the 3% carob fibre supplementation
in wheat bread. This difference is due to using carob flour in this study rather than fiber. Carob flour may contain
many components that affect the dough and bread structure such as phenolic compounds, sugar and proteins
besides fibres (Durazzo et al. 2014; Youssef et al. 2013). Total effect of these nutrients especially phenolic
compounds might be the description of the variability of dough structure and bread properties (Han and Koh 2011).

The effect of legume flours (chickpea, lentil, bean, and carob) on the texture of baked goods has been well
studied and generally associated to a decreased volume of the bread and an increased hardness of the loaves
(Kohajdova et al. 2013; Salinas et al. 2015). Rizzello et al. (2014) performed a study in order to enhance the
nutritional, texture and sensory characteristics of white bread by using sourdough prepared with wheat, chickpea,
lentil and bean flours. Softer breads were obtained by using 15% (w/w) of legume flours as a consequence of the
sourdough fermentation. Similarly, carob flour usage in bread formulation via sourdough fermentation (CFSYB)
revealed the softer breads as compared to CFYB (Figure 2B) except for the sample CFSYB-2. CF addition of
yeasted bread samples (CFYB) decreased the lightness (L*) of the bread crust (Table 4).

Table 4 Crust and crumb characteristics of the breads

Crust Color Crumb Color

Bread L* a* b* L* a* b*

Types

CFYBO0 47.812.22¢ 11.29+0.21¢ 14.52+2.27¢ 69.700.75° -1.78+0.06! 12.96+0.29%
CFYB2 43.12+0.39° 9.08+0.30° 12.47+0.449%f 47.69+0.71°¢ 4.45+0.18 12.12+0.399f
CFYB4 43.17+£1.96" 8.58+1.17f 11.67+1.12¢F 41.01%1.43¢ 6.12+0.23" 11.71+1.00
CFYB6 43.22+1.68" 6.92+0.48¢ 11.59+0.68¢f 40.86+3.41¢ 7.10£0.37* 11.53+£2.06'
CFYBS8 42.95+1.71° 6.74+0.29¢ 11.310.66' 35.20+0.67" 7.65+0.13¢° 8.30+0.48!
CFYB12  42.07+1.44f 6.68+0.45¢ 9.78+1.508" 32.01+1.020 8.13+0.27¢ 6.29+0.95
CFSYB0  54.39+3.11° 14.03+1.09° 21.84+1.96° 76.84+0.912 -0.69+0.06* 13.85+0.34%
CFSYB2 50.21+2.72b 12.62+0.65¢ 17.51+£1.92° 57.57£1.15°¢ 4.84+0.32 16.57+0.212
CFSYB4 48+1.26% 11.52+0.214 14.61+£1.09¢ 50.84+1.274 7.44+0.21¢ 16.70+0.482
CFSYBo6 46.39+2.249% 11.49+0.124 13.58+0.84¢ 43.09+1.83f 9.11+0.45°¢ 14.46+1.01°
CFSYBS 46.3+2.09% 11.41£0.274 12.93+£1.314 41.92+2.85% 9.16+0.39¢ 14.22+1.59°
CFSYB12  42.04+1.00° 11.310.25¢ 8.98+1.07™ 37.12+0.99 10.49+0.08° 11.97+0.47¢f
CFSB0 49.3942.32b¢ 15.92+1.20° 23.314+2.94° 68.14+1.08° -0.81%0.16* 12.1740.70%f
CFSB2 45.45+0.78¢ 12.47+1.86° 14.00+0.72¢4 46.41x1.11¢ 6.49+0.14¢ 12.93+0.43<d
CFSB4 38.38+0.86¢ 11.25+0.16¢ 7.51+0.79! 40.72+0.11¢ 8.14+0.10° 12.82+0.27%
CFSB6 35.90+0.36" 10.41+0.15¢ 4.59+0.72) 37.23+0.30" 8.96+0.17¢ 11.17+0.24¢"
CFSB8 35.50+0.43™ 10.09+0.18¢ 3.66+0.55 35.85+0.61M 9.20+0.23% 10.24+0.65"
CFSB12 33.61+0.33 7.19+0.268 -0.23+0.36% 33.22+0.31 9.45+0.09° 8.16+0.35

Means with a same lower-case letter within a column are not significantly different (P < 0.05).
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This can be associated with the increase in browning (Purlis and Salvadori 2007). No significant effect was
observed with the increasing level of CF in opposition to the results reported by Turfani et al. (2017), who observed
that browning increased significantly upon increasing the content of raw CF in bread formulation. On the other
hand, dramatic decreases as a regular trend was seen for L* value of both CFSYB and CFSB samples. Redness
(a*) value of the crust of all breads containing CF decreased as compared to control (0% CF), but the reduction
depending on CF amount was insignificant for CFYB6-CFYB12, CFSYB4-CFSYB12, and CFSB6-CFSBS.
Similar results were also obtained for yellowness (b*) of the bread crust. CF addition cause a reduction of L* value
while a* value of the crumb color of all breads increased, significantly. High level of CF addition (8%-12%) cause
a drastic reduction of b* value of breadcrumbs.

3.4. Sensory Evaluation

The sensory attributes (crust and crumb colour, taste, odour, chewiness and overall acceptance) of the breads
are presented in Figure 3.

Crust Color Crumb Color
CFYB-0
CFSB-12__ 500 CFYB-2 CFYB-0
4,50 y CFSB-12__4,50 _CFYB-2
CFSB-8 4,00 CFYB-4 4,00
% CFSB-8 CFYB-4
CFSB-6 CFYB-6 CFSBL6 CFYBL6
CFSB-4 CFYB-8 CFSB-4 CFYB-8
CFSB-2 i ‘ CFYB-12 CFSB-2 CFYB-12
CFSB-0 CFSYB-0 CFsB-0 CFSYB-0
CFSYBA2 CFSYB2 CFSYB-12 CFSYB-2
CFSYB-8 | CFSYB-4
CFSYB-8 —CFSYB-4 CFSYB-6
CFSYB-6
Taste Odor
CFYB-0
CFSB-12__ 450 CFYB-2 CFYB-0
4,00 » 4,50 -
CFsB.8 CFYB4 CFSB-12 b0 CFYB-2
| CFSsB-8 CFYB-4
CFSB-6 CFYB-6
CFSB-6 CFYB-6
CFSB-4 CFYB-8 CFSB-4 \ ’ CFYB-8
CFSB-2 CFYB-12 CFSB-2 CFYB-12
CFSB-0 CFSYB-0 CFsB-0 CFSYB-0
CFSYB-12 CFSYB-2
CFSYB-12 CFSYB-2
CFSYB-8 CFSYB-4
CFSYB-8 CFSYB-4 CFSYB-6
CFSYB-6
Chewiness Overall Acceptability
CFYB-0
CFYB-0 CFSB-12__ 450 CFYB-2
CFSB-12__450 CFYB-2 4,00
4,00 CFSB-8 350 CFYB-4
CFSB-8 350 CFYB-4
CFSB-6 CFYB-6
CFSB-6 CFYB-6
CFSB-4 CFYB-8 CFSB-4 CFYB-8
CFSB-2 CFYB-12 CFSB-2 CFYB-12
CFSB-0 CFSYB-0 CFSB-0 CFSYB-0
CFSYB-12 CFSYB-2
CFSYB-12 CFSYB-2
CFSYB-8 CFSYB-4
CFSYB-6 CFSYB-8 CFSYB-4

CFSYB-6

Figure 3. Sensory evaluation of breads.
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CFYB: Carob flour yeasted bread, CFSYB:Carob flour sourdough yeasted bread, CFSB: Carob flour sourdough bread.

Breads produced in this study were considered as acceptable if their mean scores for overall acceptability were
above 3 (neither like nor dislike). All breads were considered acceptable by the panellists with the exception of
sourdough bread containing no carob flour (CFSB-0) and high-level carob flour (CFSB-12).

All level of carob flour yeasted bread (CFYB) was also acceptable and CFYB-6 sample was mostly preferred
in all since it was scored 3.82. Wang Jinshui et al. (2002) reported that addition of carob fibre with the level of 3%
to wheat bread considered as acceptable for each specific sensory characteristic and overall acceptability. Low
level of carob flour sourdough bread for both yeasted (CFSYB-2) and non-yeasted (CFSB-4) breads were scored
higher values in overall acceptability parameter. Results from sensory evaluation indicated that the panellists
preferred carob flour sourdough bread (CFSYB and CFSB) rather than carob flour yeasted bread (CFYB) in all
the sensory parameters, maybe due to flavour contribution of sourdough. Sourdough bread containing no carob
flour (CFSB-0) was poorly accepted although this bread exhibited higher specific volume (Fig. 24) and softer
texture (Fig. 2B). This can be explained that carob flour conferred a distinctive taste in sourdough bread and the
panellists preferred this taste. This is also a good result since showing that low level of carob flour usage (from
2% to 6%) in sourdough making was not detrimental to any of the sensory parameters in this study.

4. Conclusions

Sourdough fermentation was used in this study as an option to improve the sensorial and technological quality
of breads containing carob flour. Carob flour blends showed good performances in terms of water absorption and
stability value. The addition of CF caused no gradual reduction for both energy and extensibility value. The
microbial growth during refreshment procedure of sourdough made with CF was also evaluated for the first time
in this study. LAB growth was promoted by CF incorporated sourdoughs while significant reduction were observed
for yeast. Carob flour addition revealed the softer breads thanks to sourdough fermentation (CFSYB) as compared
to directly usage of CF in bread formulation (CFYB). Moreover, CF addition to bread by sourdough fermentation
was more acceptable in terms of sensory analyses. Consequently, there is a great interest to enrich the flour used
in sourdough making with nutritious foodstuffs especially legumes (bean, lentil, carob, etc.) to improve the bread
organoleptic and functional quality. The present study focused on the pre-requirements of carob flour sourdough
bread making before the application of industrial level.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Erzurum ilinde Karaagaclarda (Ulmus glabra Hudson) Zararh Tinocallis (Sappocallis)
saltans (Nevsky, 1929) (Hemiptera: Aphididae)’in Popiilasyon Degisimi ve Predatorleri

Population Fluctuation and Predators of Tinocallis (Sappocallis) saltans (Nevsky, 1929)
(Hemiptera: Aphididae) Harmful on Elm Trees (Ulmus glabra Hudson) in Erzurum Province

Edanur ZEYBEK", Goksel TOZLU?

Oz

Bu calisma, Erzurum (Atatiirk Universitesi Kampiisii)’da 2016 ve 2017 yillarinin mayis-eyliil aylar1 arasinda
Karaaga¢ (Ulmus glabra Hudson) bitkisinde yogun olarak zararina rastlanan Tinocallis (sappocallis) saltans
(Nevsky, 1929) (Hemiptera: Aphididae)’m popiilasyon degisimi ve predatorlerini tespit etmek amaciyla
yiiriitiilmiistiir. Tirkiye’de bu karaagagc tiirii lizerinde 7. saltans ilk kez bu ¢alisma ile belirlenmistir. Calismada,
araziden 4 giin araliklarla karaagag siirgiinleri alinarak laboratuvar ortamina getirilmis, ergin ve nimf sayimlari
yapilmistir. Ayrica, predatdr tiirler atrap, japon semsiyesi, aspiratdor ve direk elle yakalama yontemleriyle
toplanmislardir. Predator tiirlerin ergin dncesi donemleri de bulundugu siirgiinlerle laboratuvara getirilmis ve
kiiltire alinarak ergin ¢ikislart saglanmistir. Calisma sonunda, 7. salfans’in 2016 yilinda 27 Temmuz (56.83
ergintnimf), 4 Agustos (52.32 ergin+tnimf) ve 24 Agustos (47.66 ergin+nimf), 2017 yilinda ise 12 Agustos (39.36
ergintnimf) tarihinde yaprak basina en fazla birey sayisina ulastig1 tespit edilmistir. Caligmada, Coccinellidae
(Coleoptera)’den 4 (Adalia bipunctata (L.), Adalia fasciatopunctata revelieri Mulsant; Coccinella septempunctata
(L.), Harmonia quadripunctata (Pontoppidan); Anthocoridae (Hemiptera)’den 1 (Orius horvathi Reut.), Nabidae
(Hemiptera)’den 1 (Nabis pseudoferus Rem.); Syrphidae (Diptera)’den 5 (Episyrphus balteatus (De Geer),
Eristalis pratorum (Meigen), Sphaerophoria rueppelli (Wiedemann), Sphaerophoria scripta (L.), Syritta pipiens
(L.)) ve Chrysopidae (Neuroptera)’den 1 (Chrysoperla carnea (Stephens)) tiir olmak tizere toplamda 12 predatdr
tiir saptanmustir. Bu tiirlerden sirasiyla A. f. revelieri (39 birey), H. quadripunctata (21 birey), C. punctata ve Ch.
carnea (16 birey) ve E. balteatus (14 birey) en fazla bireyi elde edilen tiirler olmuslardir. Bu predator tiirlerin hepsi
icin T saltans, Tirkiye’de ilk kez bu ¢alismada yeni av olarak kaydedilmis durumdadirlar. Bu tiire kars1 yapilacak
miicadele ¢alismalarinda 6zellikle predatorlerinin dikkate alinmasi biiyiik 6nem tagimaktadir.

Anahtar Kelimeler: Tinocallis saltans, Aphididae, Popiilasyon degisimi, Predatorler, Karaagag, Ulmus glabra
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Abstract

This study was carried out to determine the population fluctuation and predators of Tinocallis (sappocallis) saltans

(Nevsky, 1929) (Hemiptera: Aphididae) found to be intensely damaged in the Elm (Ulmus glabra Hudson) plant

in Erzurum (Atatiirk University Campus) between May and September in 2016 and 2017. T. saltans was

determined for the first time on this elm species in Turkey with this study. Elm tip shoots were taken from the area

at 4 days intervals and brought to the laboratory condition and adults and nymphs counts were made in this study.

In addition, predator species were collected with the help of aspirator, atrap and Japanese umbrella. Pre-adult

periods of predator species were brought to the laboratory together with the shoots and adult outputs were obtained

by culturing. At the end of the study, 7. saltans in July 27 (56.83 adult+nymph), 4 August (52.32 adult+nymph)

and 24 August (47.66 adult+nymph) in 2016, and 12 August (39.36 adult+nymph) in 2017, has reached the highest
number of individuals per leaf. A total of 12 predators from 4 Coccinellidae (Adalia bipunctata (L.), Adalia

fasciatopunctata revelieri Mulsant; Coccinella septempunctata (L.), Harmonia quadripunctata (Pontoppidan) of
Coleoptera; 1 Anthocoridae (Orius horvathi Reut.), 1 Nabidae family (Nabis pseudoferus Rem.) of Hemiptera; 5

Syrphidae (Episyrphus balteatus (De Geer), Eristalis pratorum (Meigen), Sphaerophoria rueppelli (Wiedemann),

Sphaerophoria scripta (L.), Syritta pipiens (L.) of Diptera; 1 Chrysopidae (Chrysoperla carnea (Stephens)) of
Neuroptera were identified in this study. Of these species respectively, A. f. revelieri (39 individuals), H.

quadripunctata (21 individuals), C. semtempunctata ve Ch. carnea (16 individuals) and E. balteatus (14 individual)
were the species with the highest number of individuals. 7. saltans for all of these predator species were determined

as the new host for the first time in this study in Turkey. It is great importance to consider these predators in these

insect-control studies.

Keywords: Tinocallis saltans, Aphididae, Population fluctuation, Predators, Elm, Ulmus glabra
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1. Giris

Tiirkiye dokuz binin {izerinde dogal ve %30'un {izerinde endemik bitki tiirii ile bulundugu cografyanin en
zengin biyocesitliligine sahiptir. Giiniimiizde gelismis kentler agaclarin sayis1 ile karakterize edilmekte, bitkiler
kent bilesenlerinin vazgegilmez bir pargasi olarak gériilmektedir. Erzurum orman varlig1 bakimindan oldukga zayif
olup, ormanlari da gogunlugu ilin kuzey dogu kesimlerindedir. Atatiirk Universitesi Kampiisii’nde ise birgok siis
bitkisi ve soguga dayanikli bitki tiirli mevcuttur. Bunlardan 6zellikle de sarigam ve mese ¢cogunlugu olustururken,
daha sonra da hus, ak¢aagag¢ ve karaagac yogun olarak bulunmaktadir (Yilmaz ve Irmak, 2004).

Ulmaceae familyasimin Ulmus L. ve Zelkova Spach. cinsleri ile bunlara ait 100°den fazla tiiri bulunmaktadir.
Ulmus cinsine ait Tiirkiye’de 4 tiiriiniin var oldugu belirtilmekte, kabuklarmin uzun yillar ¢atlamadan kalmasi
nedeniyle, diiz, piiriizsiiz ve ¢iplak anlamina gelen Ulmus glabra Hudson bilimsel ismi verilmis tiir de bunlardan
bir tanesidir (Yaltirik, 1993). Genellikle 30-40 m boyunda, yaklasik 1 m gévde capina sahip karaagaclar, 200 yil
civarinda yasamakta, agir ve 1slak topraklarda yetismekte, suya da olduk¢a dayaniklidirlar (Pamay, 1992). Ayrica,
park ve bahge tesisinde kullanilmasinin yaninda, kuvvetli yapisi nedeniyle de riizgar kiran olarak da
yararlanilmaktadir (Pamay, 1992). Karaagagtan elde edilen kereste ¢cok saglam ve degerli olup, mobilya, sepet,
parke ve kagit yapiminda kullanilmakta, kabugunun i¢ kismu da besin (6zellikle kahve) olarak da
degerlendirilmektedir (Anonymous, 2019).

Ulmus glabra Erzurum 1li Atatiirk Universitesi Kampiisii'nde bulunan énemli bir orman ve siis bitkisi
durumundadir. Cogu bitki tiirlerinde oldugu gibi bu bitkide de degisik bocek tiirleri zarar yapmakta olup, bunlar
arasinda afitler de bulunmaktadir.

Aphidoidea iist familyasina giren tiirler genellikle konukgularinda koloniler halinde yagsamaktadirlar. Afitler,
sokup emerek beslenmeleri ile bitkide meydana getirdikleri direk zararin yaninda, fumajine de neden olmakta, gal
ve ur gibi deformasyonlar meydana getirmekte, ¢cok sayida bitki viriis hastaligina da vektorlilk yapmaktadirlar
(Lodos, 1986; Bauernfeind, 2005). Diinyada su ana kadar belirlenen tiir sayis1 yaklagik 4700 olan Aphidoidae
(Remaudiere ve Remaudiere, 1997; Blackman ve Eastop, 2006), Palaearktik Bolge’de yaklasik 3500 tiire sahiptir
(Holman, 2009). Tiirkiye’de bulunan afitlerle ilgili ilk ¢alismalar 1900°1i y1llarin baglarindan itibaren baslamstir.
Toros ve ark. (2002), Gériir (2004), Aslan ve Uygun (2005), Remaudiere ve ark. (2006), Ozdemir ve ark. (2005),
Toper Kaygin ve ark. (2009), Akyildirim ve ark. (2011) ve Goriir ve ark. (2012), Akyildirim ve ark. (2013) gibi
arastiricilar son yillarda Tiirkiye afit faunasina katkida bulunan birgok arastirma yapmuslardir. Kapsamli kontrol
listesinin verildigi bir caligmada, Tiirkiye afit faunasinin (1903-2020 yillar1 arast) 147 cinse bagli 591 tiir oldugu
bildirilmistir (Kok ve Ozdemir, 2021).

Blackman ve Eastop (2019), diinyada karaagaclar {izerinde yaklasik 75 yaprak biti tiiriiniin oldugunu; bu
tirlerin 22'sinin de U. glabra lizerinde zarar yaptigini bildirmislerdir. 7. salfans’in son yillarda karaagag {izerinde
yiiksek yogunlukta popiilasyon meydana getirip dnemli diizeyde zarara neden oldugu kaydedilmistir (Richards,
1967).

Tinocallis Matsumura, 1919 cinsinin Ulmaceae ile iligkili oldugu bilinen sekiz tiirii [T. ulmiparvifoliae
Matsumura, 7. platani (Kaltenbach), T. saltans (Nevsky), T. zelkowae (Takahashi), T. ulmifolii (Monell) ve T.
caryaefoliae (Davis)] igine alan kii¢iik bir grup oldugu bildirilmistir (Richards, 1967). Khamraev ve Davenport
(2004), T. saltans'm Ulmus tiirlerinde ¢ok yaygin goriilen ve 6nemli zararl bir afit tiirii oldugunu belirtmekte,
yapraklarda sokup emerek 6z su ile beslenmeleri sonucu kurumalarin oldugunu, yaprak kenarlarinin asagiya dogru
kivrildigini, 6te yandan beslenme artig1 olarak aniisden yaprak lizerine biraktiklari tatlimsi maddeler ile hem
bitkilerin fotosentez yapmasina engel olduklarini, hem de bitkilerin iizerinde funguslar i¢in ortam hazirladiklarini
kaydetmislerdir. Anonymous (2017), karaagag¢ zararlis1 afitlerin beslenmeye ve ¢ogalmaya devam ettikce asiri
miktarda tatlims1 madde salgiladiklarini, 6zellikle kaldirimlar, arabalar ve agaglarin altindaki diger nesnelerin
bunlarla kapladiginda insanlar i¢in son derece can sikici durumun ortaya ¢iktigini da belirtmistir.

Tiirkiye’de Canakgioglu (1966) Bolu (Gerede-Capak ormanlari)’da 980 m’de Acer campestre (Ova akgaagact)
bitkisinden 7. saltans tiiriinden sadece 1 adet buldugunu bildirmis, Kok ve ark. (2016) Canakkale Merkez’de
Ulmus sp., Kok ve Kasap (2019)’da yine Canakkale Merkez’de Ulmus minor Mill. iizerinden elde ettiklerini
belirtmislerdir.
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T. saltans’in diinyanin birgok iilkesinde dagilis gosterdigi bildirilmektedir. Ulmus tiirleri Italya (Patti ve
Barbagallo, 1998), Ispanya (Ntfiez-Pérez ve ark., 1991), Dogu Avrupa (Romanya, Macaristan), Orta ve Dogu
Asya iilkelerinde (Afganistan, Cin, Kore, Dogu iran, Kazakistan, Tacikistan, Ozbekistan, Urallar, Pakistan ve
Sibirya), Zelkova serrata bitkisi izerinde de Macaristan (Ripka ve ark., 1998)’da oldugu kaydedilmektedir. Nufiez-
Pérez ve Durante (1993), fundatrikslerin (yumurtadan ilk ¢ikanlar) nisan ayinda goriildiigiinii, ovipar bireyler ile
kanatl erkeklerin ekim ayinda ortaya ¢iktiklarini belirtmislerdir. Bu tiirlin son zamanlarda, Kuzey Amerika
(Halbert ve Pike, 1990), Arjantin (La Rossa ve ark., 1990) ve Bolivya (Naumann-Etienne ve Remaudiére, 1995)’da
da dagilim gostermeye basladig1 kaydedilmektedir. Yine, Nieto Nafria (2016) diinyadaki yayilis alanlari olarak;
Dogu Palearktik, Yakin Dogu, Nearktik, Neotropikal ve Oriental bolgelerini vermistir.

Bu giine kadar Tiirkiye’de orman ve siis bitkileri iizerinde zararl olan afitlerle ilgili birgok ¢aligmanin yapildigi
goriilmektedir. Bunlardan bazilari ile ilgili bilgiler asagida verilmistir:

Canakgioglu (1967), 1961 ile 1964 yillar1 arasinda Tirkiye'de orman agaclarinda mevcut olan Aphidoidea
tiirleri lizerinde yapmis oldugu ¢alismada 7 familyaya ait 90 tiir belirlemis, bunlarin morfolojik dzellikleri ve
konukgulari ile ilgili bilgiler vermistir. Ozdemir ve Toros (1997), Ankara’da mevsimlik siis bitkileri iizerinde 8
cinse ait 11 afit tiirii belirlemis; Toros ve ark. (2003), Tirkiye’deki Betula tiirlerinde bulunan afitler lizerinde
yaptiklart ¢alismada, Calaphis flava, Callipterinella calliptera ve Euceraphis punctipennis tiirlerinin iilkemizde
bu bitkide yeni zararh tiirler oldugunu bildirmislerdir. Altay ve Uysal (2005), Selcuk Universitesi Aldeddin
Keykubat Kampiis (Konya) sahasindaki 44 degisik konukgu bitki (kavak hari¢) iizerinde Aphidoidea tiirlerinin
tespiti amaciyla yaptiklar1 galismada, Aphididae’ye ait 19 cinse ait 29 tiir ve iki alttiir tespit etmislerdir. Unal ve
Ozcan (2005), Kastamonu ydresinin park, bahge ve orman agaglarinda zararl afitleri belirledikleri caligmalarinda,
kavak, sedir, sogiit, karagam, akcaagag, disbudak, sarigam, thlamur, servi, ceviz, akasya ve mazi lizerinde
Aphididae’den 5 altfamilyanin dokuz cinsine ait 12 tiir bildirmislerdir. Akyiirek (2006), Ondokuz Mayis
Universitesi Kurupelit Kampiis (Samsun) sahasinda bulunan afit tiirlerini belirledigi ¢alismasinda, Aphididae’nin
4 altfamilyasina ait 21 cinse bagli 43 tiir tespit ettigini, bunlardan da 9’unun Tiirkiye faunasi i¢in yeni kayit
oldugunu vurgulamistir. Kavaz (2006), Atatiirk Universitesi Kampiisii (Erzurum)’nde ¢ali ve aga¢ formu bitkilerde
zararl afit tiirleri ile ilgili yaptig1 calismada, 7 farkli konukgu bitkide 7 zararl tiir tespit etmistir. Kaygin ve ark.
(2008), Bartin ili’nde orman agaclarinda zararli 31 afit tiirii belirlemislerdir. Giile¢ (2011), Antalya ili parklarinda
Aphidoidea’ya ait 54 afit tiir ve alttiirii tespit etmistir. Gii¢lii ve ark. (2015), Erzurum Merkez’de ¢al1 ve agac formu
stis bitkilerinde bulunan afitler ve bunlarin parazitoitlerini belirledikleri (2004-2005 yillart mayis-ekim aylarinda)
calismalarinda 11 farkli konukgu iizerinden 17 yaprakbiti elde etmislerdir. Oztiirk ve Mustu (2017), Kayseri’de
2014-2015 yillarinda siis bitkilerinden 30 Aphididae tiirii tespit etmislerdir. Kuloglu ve Ozder (2017), Yalova
fli'nde (2009-2010 yillarinda) bazi siis bitkilerinde zararh afitleri tespit etmek igin yiiriittiikleri calismada;
Aphidoidea iistfamilyasina ait 13 cinse bagh 21 tiir bildirmiglerdir. Bayindir Erol ve ark. (2018), Siileyman
Demirel Universitesi Kampiis (Isparta) sahasinda bulunan otsu bitki, agac ve ¢ali formu bitkilerde yiiriittiikleri
calismada, 34 afit tiirii tespit etmislerdir. Goriir ve ark. (2019), Tiirkiye’de yayilis gosteren Cinara (Hemiptera:
Aphidoidea) cinsine ait tiirler ile bunlarin konukgularini tespit i¢in yaptiklar1 ¢alismada, Pinus, Plathyclaudus,
Cedrus, Cupressus, Juniperus ve Picea cinsleriyle Abies nordmanniana tiiriinde 29 tiir belirlemisler, bu tiirlerden
7’sinin Tiirkiye afit faunasi i¢in ilk kay1t niteliginde oldugunu da kaydetmislerdir.

Tiirkiye’de orman ve siis bitkileri lizerinde zararli olan afitlerle ilgili yapilan ¢aligmalarin yani sira, bu zararl
tirlerin dogal diismani olan predatdr tiirlerinde tespit edildigi bircok caligmada yiiriitiilmiistiir. Bunlardan bazilari
ile ilgili bilgiler asagida verilmistir:

Ozbek ve Cetin (1991), Dogu Anadolu Bélgesi’nde énemli afit predatorii Coccinellidae faunasini tespit etmek
icin yiriittiikleri caligmada 30 tiir belirlemislerdir. Bayram (2008), 2001°dea Ankara’da yaptig1 ¢alismada Ulmus
glabra Mill. (Karaagag)'de gal olusturan afitlerle beslenen Coccinellid (Coleoptera), Chrysopid ve Hemerobiid
(Neuroptera)’lerden baz tiirler tespit etmistir. Kavaz (2006), Atatiirk Universitesi Kampiisii (Erzurum)’nde agag
ve ¢ali formundaki bitkilerde zarar yapan afitlerle ilgili yaptig1 ¢alismada Coccinellidlerden predator 1 tiir
belirlemistir. Giileg (2011), Antalya ili parklarinda tespit ettigi 54 afit tiirii {izerinden 12 Coccinellid ile 4
Chrysopid predatér tiirii elde ettigini kaydetmistir. Toper Kaygi ve Kaptan Sobutay (2017), Bartin {linde 2014-
2015 yillarinda yiiriittiikleri ¢aligmalarinda Coccinellidae’ye bagl 14 tiir belirlemisler, bunlardan en yiiksek
yogunlugu Coccinella septempunctata ve Harmonia axyridis tirlerinin gosterdigini de kaydetmislerdir. Bu
caligmalardan bagka Tiirkiye’de Coccinellidae iizerinde bir¢ok arastirmaci tarafindan yapilan g¢ok sayida
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caligmalarda vardir (Giray, 1970; Kansu ve Uygun, 1973; Kreissl ve Uygun, 1980; Erkin, 1983; Ozkan, 1986;
Zeren, 1989; Olmez, 2000; Yurtsever, 2001; Aslan, 2004; Ciar ve ark., 2004; Oztiirk ve ark., 2004; Ozgen ve
Karsavuran, 2005; Isikber ve Karci, 2006; Bolu ve ark., 2007; Hepdurgun ve ark., 2007; Bayram, 2009; Bugday,
2010; Portakaldali ve Satar, 2010; Keskin, 2012; Unal ve ark., 2017).

Diinyada ve Tiirkiye’de afitlerin ¢ok sayida dogal diismani bulunmaktadir. Bu dogal diigmanlar igerisinde
Coleoptera (Coccinellidae), Diptera (Syrphidae), Neuroptera (Chrysophidae) ile Hemiptera (Anthocoridae)
takimlarina ait bazi familyalara mensup predator tiirler onemli yer tutmaktadir. Bunlar, afitlerin nimf ve erginleri
ile beslenerek, popiilasyonlarini 6nemli 6lgiide azaltmaktadirlar. Tarimda kullanilan kimyasal bitki koruma
iiriinlerinin insan sagligina ve ¢evreye verdikleri zarar her gecen giin daha da iyi anlasilmaktadir (Kuca ve Yagdi,
2020; Kotan ve Tozlu, 2021). Bu nedenle de bu faydalr tiirlerin tespit edilmesi yoniindeki ¢calismalarin 6nemi daha
da artmaktadir.

Yukarida belirtilenlerin dikkate alinmas ile planlanip yiiriitiilen bu ¢alismada, Atatiirk Universitesi Kampiis
alan1 icerisinde bulunan karaagaclarda son birka¢ yildir dikkat ¢ekici diizeyde zararl olan 7. saltans tiiriiniin
popiilasyon degisimi ile dogal diismanlarinin (predatdr tiirler) tespiti amaglanmuistir.

2. Materyal ve Yontem
2.1. Materyal

2016 ve 2017 yillarinda kampiis alanindaki Karaagac (Ulmus glabra) (Sekil 1 a,b) lizerinde zararli olan
Tinocallis (Sappocallis) saltans (Sekil 2 a,b) ile bu tiir lizerinden elde edilen predatorlere ait 6rnekler ¢aligmanin
ana materyalini olusturmustur.

2.2. Yontem
2.2.1. Calisma alanimin ézellikleri

Erzurum Tiirkiye’nin rakimu en yiiksek (1.900 m) ve en soguk illerindendir. Yazlar1 kisa ve sicak, kislar1 ise
uzun ve sert gecmektedir. Genel olarak sert karasal bir iklim hakimdir. Yillik ortalama yagis miktar1 453 mm’dir.
En fazla yagis1 ilkbahar ve yaz aylarinda, en az ise kig aylarinda almaktadir. Kisin yagislar genel olarak kar
seklindedir ve kar yagish olan giin say1s1 50, ancak karin yerde kalma siiresi de 114 giin kadar olmaktadir. Ortalama
yillik sicaklik 6.1 °C’dir. Ayrica, Atatiirk Universitesi 6.5 milyon m?’lik agik alana da sahip durumdadir (Anonim,
2019).

2.2.2. Orneklerin toplanmast

Caligmanin baslangicinda  Atatiirk Universitesi Kampiis alaninda karaagaglarin bulundugu kesimler
belirlenmis, sonra da bu agaclardan 7. saltans ile bulasik olanlar tespit edilmistir. Arazi ¢alismalar1 2016 ve 2017
yillarinin mayis-eyliil aylarinda 4 giinde bir 6rnek alinmak suretiyle yapilmistir. Caligmada her gozlem tarihinde
10’ar adet karaagacin farkli yoneylerinden 5 siirglin bahg¢ivan makasiyla kesilerek, polietilen poset torbalar
icerisine konulmustur. Her siirgiinden 10 yaprak olmasi kosulu ile afit sayimlar1 (birey sayisi/yaprak basina)
mikroskop altinda yapilmistir. Laboratuvara getirilen yapraklardan elde edilen afitler, icerisinde %80’lik alkol
bulunan cam tiiplere konulmus, bu konulan afitlerin kanathi ve kanatsiz formlarinin ayr1 ayr1 olmasina dikkat
edilmistir. Her tiip iizerine de etiket bilgileri yazilmistir. Predator tiirlerin toplanmasinda aspiratér, atrap, japon
semsiyesi ve direk elle yakalama yontemlerinden yararlanilmistir. Japon semsiyesi veya atrap torbasi bir elle
tutulup, her bir agacin dort ayr1 yoniinden segilen dallara diger elle hizli bir sekilde vurularak drnekler diistiriilmiis,
aspirator yardimiyla da kapaginda etil asetat emdirilmis pamuk bulunan dldiirme siselerine aktarilarak 6lmeleri
saglanmis, uygun bocek kutularinda laboratuvara getirilmistir. Ayrica, bazi predator tiirlerin erginleri el ile
toplanarak, 6ldiirme islemi ayn1 sekilde yapilmistir. Ergin 6ncesi dénemde (yumurta, larva, pupa) olan predatdrler
(6zellikle Coccinellidae ve Syrphidae familyasina bagl tiirler) yaprakl siirgiinlerle birlikte alinmis, laboratuvarda
icerisinde afitle bulasik yapraklar yer alan petri kaplari icerisinde, ergin donemleri elde edilmeye ¢aligilmistir.
Predatorlerin besinlerinin tiikkendigi zamanlarda petrilere ilave afitle bulasik yapraklar konulmustur. Toplanan ve
elde edilen biitlin erginlerin bilyiikliiklerine gére uygun numarali bocek igneleriyle ignelenme ile kiigiik karton
etiketlere yapistirilma iglemleri, ignelenme ve yapistirilma kurallarina uygun sekilde yapilmistir. Aymi sekilde
etiket bilgileri de ilave edilerek bocek saklama kutularinda muhafazalari saglanmistir.
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Figure 1. View from the elm trees in the Atatiirk University Campus Area, a) tree, b) leaves with Tinocallis
saltans on them (Original)
Sekil 1. Atatiirk Universitesi Kampiis alaninda bulunan karaagaclardan gériintii a) agac b) iizerinde
Tinocallis saltans bulunan yapraklar (Orijinal)

P2 »

Figure 2. Winged and wingless adult appearance of Tinocallis saltans (a), infected leaves (b) (Original)
Sekil 2. Tinocallis saltans’in (a) kanatl ve kanatsiz ergin goriiniimii, (b) bulagik yapraklar (Orijinal)

2.2.3. Orneklerin degerlendirilmesi

Araziden getirilen yapraklardan elde edilen ve %80’lik alkole konulan afitlerin preparatlar1 Blackman ve
Eastop (2000)’un belirttigi sekilde hazirlanmistir. Tiiriin teshisi Dog. Dr. Isil OZDEMIR (Ankara) tarafindan
yapilmistir. Kiiltiire alinan 6rneklerden ¢ikan erginler ile arazide bitki yapraklar iizerindeki afit kolonilerinden
yakalanan 6rneklerde familya ve takim diizeyinde tasnif edilmislerdir. Coccinellidlerin teshisi Prof. Dr. Nedim
UYGUN (Adana) tarafindan yapilmistir. Diger gruptaki orneklerin teshisleri de Atatiirk Universitesi Ziraat
Fakiiltesi Entomoloji Miizesi (EMET)’nde bulunan ve daha 6nce konu uzmanlar tarafindan teshisi yapilmis
materyal ile karsilastirilarak ¢alismanin 2. yazar tarafindan yapilmistir.

2.2.4. Erzurum’da 2016-2017 yillarina ait iklim verileri

Boceklerin yasam dongiileri tizerinde ¢ok dnemli etkiye sahip olan iklim degerleri (6zellikle sicaklik, nem ve
yagis) Erzurum Meteoroloji 12. Bolge Miidiirliigii’nden elde edilmistir (Sekil 3).
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Figure 3. Average temperature, precipitation and humidity values in Erzurum for the years 2016 and 2017 (Data of
Erzurum Meteorology 12" Regional Directorate)
Sekil 3. Erzurum’da 2016 ve2017 ydlarina ait ortalama sicaklik, yagis ve nem degerleri (Erzurum Meteoroloji
12. Bélge Miidiirliigii verileri)

3. Arastirma Sonuclari ve Tartisma
3.1. Tinocallis saltans’in morfolojik ézellikleri

Boyu 1.8-2.05 mm arasindadir. Bag1 hafif konveks, killar1 ise ¢ok kisa ve sivri yapidadir. Antenlerin 3., 4. ve
5. segmentleri koyu renklidir. Anten ug kismi ise soluk renklidir. Anten uzunlugu viicut uzunlugunun 0.57-0.81
katidir. Kanatli bireyleri sar1 veya protakal sarisi renkte ve yaz baslarinda kahverengi bas ve thorax’a sahiptir, 7.
nevskyi ile kiyaslandiginda arka femur’un ug¢ kisimlarinda olduk¢a koyu yamalar ve 6n kanatlarda daha fazla
pigmentlesme goriilmektedir (Nevsky 1929; Quednau, 1979; Pagnone ve ark., 1997).

3.2. Tinocallis saltas’in ergin+nimf popiilasyon degisimi

2016-2017 yillariin mayis ayinda arazi ¢alismalarina baglanmistir. Karaagag bitkisinin yapraklari tizerinde 7.
saltans’a, 2016 yilinda ilk defa 5 May1s, 2017 de ise 9 Mayis tarihinde rastlanmustir. Popiilasyon degisimini
belirlemek icin ilk sayimlara her iki yilda da 16 Mayis’ta baslanmistir. Tiiriin ilk yil ergin+tnimf popiilasyon
yogunlugu 7 Temmuz’a kadar artip azalan sekilde degisim gostermis (Sekil 4) ve 27 Temmuz’da yaprak basina
56,83 birey (Sekil 4) ile en yiiksek popiilasyon seviyesine ulagmistir. Bu tarihi 4 Agustos (52.32 birey/yaprak) ve
24 Agustos (47.66 birey/yaprak) tarihleri izlemistir (Sekil 4). Agustosun 24’{inden itibaren afit popiilasyonunda
asir1 bir diigiislin (0.0-10.1 arasi birey/yaprak) goriildiigii kaydedilmistir (Seki/ 4). Bu durumun, Erzurum’da hava
sicakliklarinin diigiis gostermesi (Sekil 3), yagislarin artis1 (Sekil 3) ve nem diizeyinin yiiksekligi (Seki/ 3) gibi
sebeplerden olabilecegi kanaatine varilmustir.
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Figure 4. Adult+nympha population change of Tinocallis saltans in elm tree in 2016
Sekil 4. 2016 yilinda Tinocallis saltans’in karaagactaki ergin-+nimf popiilasyon degisimi
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T. saltans’m 2017 yilinda ergin+nimf popiilasyon yogunlugu 5 Haziran tarihine kadar diizenli bir sekilde artis
gostermis (Sekil 5), 5 Haziran-8 Agustos tarihleri arasinda ise artip azalan seklinde degisim gostermistir (Sekil 5).
En yiiksek popiilasyon seviyesine (yaprak basina 39.36 bireyle) sicakliklarin yiiksek oldugu 16 Agustos’ta
ulasgilmis, bu tarihten sonra ise popiilasyon yogunlugunda diizenli sekilde diisiis goriilmiistiir (Sekil 5). 2017 yilina
ait sicaklik, nem ve yagis degerleri Sekil/ 3’de verilmistir.
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Figure 5. Adult+nympha population change of Tinocallis saltans in elm tree in 2017
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Sekil 5. 2017 yilinda Tinocallis saltans’in karaagactaki ergin-+nimf popiilasyon degisimi

T. saltans’n ergintnimf popiilasyon yogunlugu 2016 ve 2017 yillar1 arasinda karsilastirildiginda, en yiiksek
pik seviyesine 2016’da 27 Temmuz, 2017°de ise 16 Agustos tarihinde ulagsmistir. 2016 yilinin 4 ve 24 Agustos
tarihlerinde de popiilasyon diizeyi pik yaparken, 2017 yilinda ise pik yaptig1 seviyeler olmasina ragmen 2016 yili
kadar yaprak basina birey sayisina ulasilamamistir (Sekil 4, 5).

3.1.3. Tinocallis saltas’in ergin popiilasyon degisimi

T. saltans 1n ergin donemi popiilasyon degisimini belirlemek i¢in de ayni zamanlarda sayimlar yapilmistir.
2016’da T. saltans’in ergin donemi popiilasyon yogunluguna bakildiginda, 16 Mayis (8.08 birey/yaprak), 27
Temmuz (yaprak/11.52 birey) ve 4 Agustos (15.28 birey/yaprak) tarihlerinde pik noktalarinin meydana gelmis
oldugu goriilmektedir (Sekil 6).

ERGIN

18

16

14

12

10

16.05.2016
20.05.2016
24.05.2016
28.05.2016
01.06.2016
05.06.2016
17.06.2016
21.06.2016
25.06.2016
29.06.2016
03.07.2016
07.07.2016
11.07.2016
15.07.2016
19.07.2016
23.07.2016
31.07.2016
04.08.2016
08.08.2016
12.08.2016
16.08.1016
20.08.2016
24.08.2016
28.08.2016
01.09.2016 |
05.09.2016
09.09.2016
13.09.2016
17.09.2016 'S

Figure 6. Adult population change of Tinocallis saltans in elm tree in 2016
Sekil 6. 2016 yihnda Tinocallis saltans’in karaagactaki ergin popiilasyon degisimi

561



Zeybek & Tozlu
Erzurum ilinde Karaagaglarda (Ulmus glabra Hudson) Zararh Tinocallis (Sappocallis) saltans (Nevsky, 1929) (Hemiptera: Aphididae)’n Popiilasyon Degisimi ve
Predatorleri

2017°de ise T. saltans’n ergin donemi yaprak basina popiilasyon yogunluguna bakildiginda, 9 Haziran (6.54
birey/yaprak), 25 Haziran (5.49 birey/yaprak), 27 Temmuz (6.02 birey/yaprak), 31 Temmuz (6.42 birey/yaprak),
4 Agustos (5.60 birey/yaprak), 16 Agustos (9.05 birey/yaprak) ve 20 Agustos (6.42 birey/yaprak) tarihlerinde en
fazla bireye ulasildig1 goriilmiistiir (Sekil 7).
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Figure 7. Adult population change of Tinocallis saltans in elm tree in 2017

Sekil 7. 2017 yihnda Tinocallis saltans’in karaagactaki ergin popiilasyon degisimi

3.1.4. Tinocallis saltans’in nimf popiilasyon degisimi

T. saltans m nimf dénemi popiilasyon degisimini belirlemek i¢in yapilan sayimlar sonucunda; 2016’da nimf
donemi popiilasyon yogunluguna bakildiginda, 27 Temmuz (42.89 birey/yaprak), 4 Agustos (36.43 birey/yaprak)
ve 24 Agustos (41.74 birey/yaprak) tarihlerinde pik noktalarina ulastig1 goriilmektedir (Sekil §).
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Figure 8. Nymph population change of Tinocallis saltans in elm tree in 2016

Sekil 8. 2016 yihinda Tinocallis saltans’in karaagactaki nimf popiilasyon degisimi

2017 yilinda T. saltans’1in nimf dénemi yaprak basina popiilasyon yogunluguna bakildiginda ise 12 Agustos’ta
yaprak bagina en yiiksek birey sayisi (28.93 birey/yaprak) goriilmiistiir (Sekil 9).
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Figure 9. Nymph population change of Tinocallis saltans in elm tree in 2017
Sekil 9. 2017 yihinda Tinocallis saltans’in karaagactaki nimf popiilasyon degisimi
T. saltans’m popiilasyon yogunlugu caligmalarinda ergin kanatli bireylerin yaprak basina popiilasyon
degisimleri de ayr1 olarak verilmistir. 2016’da kanath ergin dénemi popiilasyon yogunlugu, 28 Mayis (2.07

birey/yaprak), 27 Temmuz (2.42 birey/yaprak) ve 4 Agustos (2.36 birey/yaprak) tarihlerinde pik noktalarina
ulastig1 goriilmektedir (Sekil 10).
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Figure 10. Winged population change of Tinocallis saltans in elm tree in 2016

Sekil 10. 2016 yilinda Tinocallis saltans’in karaagactaki kanatl popiilasyon degisimi

2017 yilinda ise 21 Haziran (1.50 birey/yaprak), 25 Haziran (1.50 birey/yaprak), 12 Agustos (1.48 birey/yaprak)
ve 16 Agustos’ta (1.66 birey/yaprak) yaprak basina en yiiksek birey sayisi gorillmistiir (Sekil 11).
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Figure 11. Winged population change of Tinocallis saltans in elm tree in 2017
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Sekil 11. 2017 yihnda Tinocallis saltans’in karaagactaki kanath popiilasyon degigimi

3.1.5. Dogal Diisman Predator Tiirler

Dogal diigmanlarinin belirlenmesi

Araziden elde edilenler ile laboratuvara getirilerek kiiltiire alinan larvalardan elde edilen degisik takimlarin
farkli familyalarina ait tiirlerin bilimsel adlar1, elde edilme tarihleri ve toplam birey sayilar1 Tablo 1’de verilmistir.
Ayrica, Coccinellidae ve Syrphidae 6rneklerinin degisik donemlerine ait resimlerde Sekil 13 ve 14’de verilmistir.

Sekil 13. Arazi calismalarinda giézlenen coccinellid yumurta ve larvalar: (Orijinal)

Figure 13. Coccinellid eggs and larvae observed in field studies (Original)

Figure 14. Syrphidae;_ egg-s‘ ka)-, larvae (b), p-upae (c) cultured under l&bordio@ conditions, adult (d),

Sryphidae larvae fed with Tinocallis saltans (e,f,g) (Original)

Sekil 14. Laboratuvar sartlarinda kiiltiire alinan syrphid; yumurtast (a), larvast (b), pupasi (c),
laboratuvarda elde edilen ergin (d), Tinocallis saltans’la beslenen sryphid larvalar: (e,f,g) (Orijinal)
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Tablo 1. Tinocallis saltans iizerinde beslendigi tespit edilen predator tiirler

Table 1. Predator species found to feed on Tinocallis saltans

Takim Familya Tiir Elde Edilme Tarihi Toplam
Birey
Sayisi
Adalia bipunctata 28.05.2017 (1), 09.06.2017 (1), 29.06.2016 (1), 11
(L., 1758) 03.07.2016 (2) 21.07.2016 (1), 27.07.2016 (2),
02.08.2017 (1), 16.08.2017 (2)
20.05.2016 (1), 28.05.2017 (1), 05.06.2016 (1), 39
Adalia fasciatopunctata 09.06.2017 (3), 13.06.2017 (2), 25.06.2017 (2),
revelieri Mulsant, 1866 03.07.2016 (2), 07.07.2017 (2), 11.07.2017 (3),
15.07.2017 (2) 19.07.2016 (2), 21.07.2016 (3),
25.07.2016 (3), 27.07.2016 (2), 04.08.2016 (2),
08.08.2017 (2), 12.08.2017 (1), 16.08.2017 (2),
20.08.2017 (2) 24.08.2017 (1)
Coccinella septempunctata  09.06.2016 (1), 25.06.2017 (1), 07.07.2016 (1), 16
Coleoptera  Coccinellidae (L., 1758) 15.07.2017(3), 27.07.2016 (3), 02.08.2016 (2),
16.08.2017 (3), 28.08.2017 (2)
Harmonia quadripunctata  01.06.2017 (1), 09.06.2016 (1), 25.06.2016 (2), 21
(Pontoppidan, 1763) 03.07.2016 (2), 11.07.2016 (2), 21.07.2016 (2),
25.07.2016 (3), 27.07.2016 (2), 31.07.2017 (1),
04.08.2017 (2), 12.08.2017 (2), 20.08.2017 (1)
*Vibidia duodecimguttata 09.06.2016 (1), 29.06.2016 (1), 07.07.2017 (2) 4
(Poda, 1761) (*Misetofag)
Episyrphus balteatus 13.06.2016 (2), 17.06.2016 (2), 17.07.2016 (1), 14
(De Geer, 1776) 08.28.2016 (1), 07.07.2017 (2), 11.07.2017 (1),
15.07.2017 (3), 31.07.2017 (2)
Eristalis pratorum 25.06.2016 (1), 21.07.2016 (2), 19.07.2017 (1), 6
(Meigen, 1822) 08.08.2017 (2)
Sphaerophoria rueppelli 13.07.2016 (1), 23.07.2016 (1), 12.08.2016 (1), 10
Diptera Syrphidae (Wiedemann, 1830) 15.07.2017 (2), 27.07.2017 (2), 12.08.2017 (2),
16.08.2017 (1)
Sphaerophoria scripta 23.06.2016 (1), 27.07.2016 (1), 16.08.2016 (1), 6
(L., 1758) 11.07.2017 (1), 04.08.2017 (1), 20.08.2017 (1)
Syritta pipiens 17.06.2016 (1), 19.06.2016 (1), 03.07.2017 (1), 5
(L., 1758) 19.07.2017 (1), 12.08.2017(1)
Neuroptera Chrysopidae  Chrysoperla carnea 23.07.2016 (1), 31.07.2016 (1), 16.08.2016 (3), 16
(Stephens, 1836) 24.08.016 (2), 27.07.2017 (1), 04.08.2017 (2),
12.08.2017 (1), 24.08.2017 (1), 01.09.2017 (4)
Anthocoridae  Orius horvathi 27.07.2016 (1), 04.08.2017 (3) 4
Hemiptera (Reuter, 1884)
Nabidae Nabis pseudoferus 08.08.2016 (1), 16.08.2017 (2) 3

Remane, 1949

Tablo I’de goriildiigi gibi, Coccinellidae (5), Sryphidae (5), Chrysopidae (1), Anthocoridae (1) ve Nabidae (1)
familyalarina ait toplamda 13 predator tiir elde edilmistir (7ablo I). T. saltans’la beslenen predatdr tiirlerden en
fazla tiir coccinellid ve syrphid’lerden elde edilmis durumdadir. Coccinellidae igerisinde Adalia fasciatopunctata
revelieri’nin (39 adet); Sryphidae igerisinde de Episyrphus balteatus’un (14 adet) en fazla birey elde edilen tiirler
durumunda olduklari goriilmektedir (7Tablo 1).

Calismada, karaagac tizerinde zararl tiir olan 7. saltans ele alinmistir. Karaagaglar lizerinde zarar yapan afitlerle
ilgili diinyada bazi ¢calismalar yapilmistir. Blackman ve Eastop (2006), diinyadaki karaagaclar {izerinde yaklasik 75
afit tliriiniin oldugunu, bu tiirlerden 22'sinin ise U. glabra lizerinde zarar yaptigim kaydetmislerdir. 7. saltans’m
son birkag¢ yildir karaagacta yiiksek yogunlukta popiilasyon olusturdugu ve énemli diizeyde zarara sebep oldugu
belirtilmis, Tinocallis cinsi igerisinde Ulmaceae ile iliskili oldugu bilinen sekiz tiir (7" u/miparvifoliae, T. platani,
T. saltans, T. zelkowae, T. ulmifolii ve T. caryaefoliae) igeren kiigliik bir afit grubu oldugu da bildirilmistir
(Richards, 1967). Ayrica, Khamraev ve Davenport (2004) ile Anonymous (2017), T. saltans'm Ulmus tiirlerinde
cok yaygin bulunan ve dnemli zararl bir afit tiirli oldugunu belirtmisler, zarar sekli ile ilgili de detayl bilgiler
vermiglerdir.
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T. saltans’n diinyanin birgok iilkesinde (Ispanya, italya, Dogu Avrupa (Macaristan, Romanya), Orta ve Dogu
Asya iilkelerinde (Dogu Iran, Tacikistan, Kazakistan, Ozbekistan, Urallar, Afganistan, Pakistan, Sibirya, Kore,
Cin), Kuzey Amerika, Arjantin ve Bolivya) Ulmus tiirleri lizerinde yayilis gosterdigi kaydedilmistir (Halbert ve

Pike 1990; La Rossa ve ark., 1990; Nufiez-Pérez ve ark., 1991; Naumann-Etienne ve Remaudiére 1995; Patti ve
Barbagallo, 1998). Ayrica, Macaristan’da Zelkova serrata bitkisi ilizerinde de oldugu ile ilgili kayitta
bulunmaktadir (Ripka ve ark., 1998).

Tiirkiye’de 7. saltans’m varligini ilk kez Canakgioglu (1966), Gerede-Capak (Bolu) ormanlarinda 980 m’de
Acer campestre (Ova akgaagaci) bitkisinden 1 adet 6rnek ile bildirmistir. Kok ve ark. (2016) Canakkale Merkez’de
Ulmus sp., Kok ve Kasap (2019)’da yine Canakkale Merkez’de Ulmus minor Mill. iizerinden elde ettiklerini
belirtmislerdir. Goriildiigii gibi ii¢ bu calismada sadece tiiriin tespiti niteligindedir. Bu ¢aligma ise tiiriin popiilasyon
degisimi ve predatorleri hakkinda yapilan kapsaml ilk ¢aligma niteligindedir. Ayrica Erzurum, Tirkiye’de 7.
saltans’1n saptandig1 Bolu ve Canakkale’den sonra 3. lokalitedir. Bu tiiriin Dogu Anadolu Bolgesi’ndeki varliginin
ortaya konulmasi da bu ¢aligmanin 6nemini daha da arttirmaktadir. Ayrica, Tozlu ve ark. (2021), 12 bakteri ve 1
fungus tiiriiniin 7. saltans ile biyolojik miicadelede etkinlikleri iizerinde bir ¢alisma yiiriitmiislerdir.

Atatiirk Universitesi Kampiis alaninda ve Erzurum Merkez’de bulunan aga¢ ve cali formundaki bitkiler
iizerinde zararl ve faydali bocek tiirleri ile ilgili bazi ¢alismalar yapilmistir. Bu ¢alismalardan; Yildirim ve Eroglu
(2015), 2012-2013 yillarinda Atatiirk Universitesi Yerleskesinde odunsu bitkilerde bulunan zararli bocek tiirleri
iizerinde yaptiklar1 calismada, U. glabra lizerinde 7 zararh tiir (4’1 afit) belirlemisler. Ancak, bu afit tiirlerinin
higbiri karaagac iizerinden elde edilmemistir. Giiglii ve ark. (2015), Erzurum Merkez’de ¢al1 ve aga¢ formundaki
stis bitkilerinde bulunan yaprakbiti tiirleri ve bunlarin parazitoitlerini belirlemek amactyla 2004 ve 2005 yillarinin
mayis-ekim aylarinda yiiriittiikleri calismalarinda, 11 farkli konukcu bitki tizerinde (Ulmus yok) 17 yaprakbiti tiirii
belirlemislerdir. Bu konukgular igerisinde U. glabra ve iizerinde bulunan herhangi bir afit tiirii bulunmamaktadir.

Erzurum (Atatiirk Universitesi yerleskesi)’da 2016 ve 2017 yillarinin May1s-Eyliil aylari arasinda yiiriitiilen
bu calisma sonucunda, 7. saltans’m 2016 yilinda 27 Temmuz, 4 Agustos ve 24 Agustos tarihlerinde, 2017 yilinda
ise 12 Agustos tarihinde yaprak basina en fazla birey sayisina ulastigi tespit edilmistir. Elde edilen sonuglara gore
iklim faktorleri (sicaklik, nem ve yagis) ve ozellikle de sicaklik afidin popiilasyon degisimini 6nemli diizeyde
etkilemektedir. Nitekim, 2016 yilinin 7. ve 8. aylarinda sicaklik ortalamasi 20°C’nin iizerinde seyrettiginde afit
popiilasyonu 3 kez en yiiksek diizeye ulasmstir (27 Temmuz (56.83 ergin+nimf), 4 Agustos (52.32 ergin+nimf) ve
24 Agustos (47.66 ergintnimf)). Bu aylarda aylik bagil nem ve yagis (mm) ortalamalarina bakildiginda diger aylara
gore diisiik diizeylerde oldugu goriilmektedir. Ayrica, afit sayimi yapilan yapraklarin ortalama yaprak alanlar1 32.4-
49.6 mm, ortalama afit sayisi ise, 44.39-67.39 adet arasinda degisiklik gostermis, ortalama 40.95 mm yaprak
alaninda ortalama 54.95 adet afit sayilmstir.

Yukarida belirtilenler 15181nda, 7. saltans’m popiilasyon yogunlugunun en fazla oldugu zamanlarin belirlenmesi
(iklim verileri ile birlikte degerlendirilerek) bu tiir ile yapilacak miicadele ¢aligmalarinda yol gdsterici olacaktir.

Calismada, T. saltans’in predatorii olarak Coccinellidae’den 4 (Adalia bipunctata, A. fasciatopunctata revelieri,
Coccinella septempunctata, Harmonia quadripunctata; Anthocoridae’den 1 (Orius horvathi), Nabidae’den 1
(Nabis pseudoferus); Syrphidae’den 5 (Episyrphus balteatus, Eristalis pratorum, Sphaerophoria rueppelli,
Sphaerophoria scripta, Syritta pipiens) ve Chrysopidae’den 1 (Chrysoperla carnea) olmak iizere toplamda 12 tiir
belirlenmistir. Ayrica, coccinellidlerden 1 misetofag tiir (Vibidia duodecimguttata (Poda, 1761)’de belirlenmistir.
Bu tiirlerin tamamu igin 7. saltans, Tirkiye’de ilk defa bu calismada yeni konukcu olarak belirlenmistir. Bu
belirlenen predatorlerinde afidin popiilasyonunu sinirlayici etkiye sahip olduklart goriilmektedirler. Bir agag tiiriinde
bulunan ve bir afit tiirii kolonilerinden elde edilen 12 predatér tiiriin varligi, Atatiirk Universitesi Kampiis alaninin,
bu tiirler i¢in korunakli alan bulmalart ve yasamlarini devam ettirmeleri agisindan oldukca onemli bir yer
durumunda oldugunun bir géstergesidir.

Bayram (2008), Ankara {li’nde 2001°de yaptig1 calismada U. glabra'da gal yapan afitlerle (3 afit tiirii) beslenen
Coccinellidae, Chrysopidae ve Hemerobiidae’ye ait tiirleri belirlemis, bunlarin; Adalia bipunctata, A.
fasciatopunctata revelieri, Exochomus quadripustulatus, Scymnus apetzi, S. rubromaculatus (Coccinellidae),
Cunctochysa albolineata (Chrysopidae), Sympherobius pygmaeus ve Wesmaelius subnebulosus (Hemerobiidae)
oldugunu, avci coccinellidlerden E. quadripustulatus'un da en fazla bulunan tiir oldugunu ve bu tiirii 4.
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bipunctatain izledigini, Neuropterlerden ise C. albolineata nin en fazla bulunan tiir oldugunu da kaydetmistir.
Calismada elde edilen tiirlerden A. bipunctata ve A. f- revelieri farkl afit tiirleri izerinden olsa da bu ¢alismada da
tespit edilmistir.

Bu caligmada, coccinellidler igerisinde A. £ revelieri alt tiirli en fazla birey (39) elde edilen tiir olmustur. Bu da
elde edilen tiim coccinellidlerin %44.83’{inii olusturmaktadir. Bu tiirden sonra H. quadripunctata 21 birey ile
%24.13’tinll, C. septempunctata 16 birey ile %18.39’unu ve A. bipunctata’da 11 birey ile %12.64’linii
olusturmaktadir. Syrphidae igerisinde E. balteatus en fazla bireyi (14) elde edilen tiir durumundadir. Bu tiir elde edilen
syrphidlerin % 40’11 olusturmaktadir. Bu tiirii sirasiyla S. rueppelli 10 birey ile %28.57’sini, E. pratorum 6 birey
ile %17.140nd, S. scripta 6 birey ile %17.14inii ve S. pipiens’de 4 birey ile 11.42’sini olusturmaktadir.
Anthocoridae igerisinde O. horvathi’den 4 birey, Nabidae icerisinde N. pseudoferus’den 3 birey ve Chrysopidae
icerisinde C. carnea’dan 16 birey elde edilmistir. Burada, elde edilen tiim predatorlerin toplam birey sayisinin
(145) %11.03’tind C. carnea olusturmustur.

Bu sonuglar degerlendirildiginde, elde edilen 12 predator tiirden toplam 145 birey elde edilmistir. Bu tiirlerden
strastyla A. f- revelieri (%26.89), H. quadripunctata (%14.48), C. septempunctata (%11.03), C. carnea (%11.03) ve
A. bipunctata (%7.58) tiim tiirler igerisinde en fazla bireyi elde edilen tiirler durumundadir.

Diinyada ve iilkemizde afitler ilizerinde ¢ok sayida ¢aligma yapilmig, bunlarin bir ¢ogunda onlarin dogal
diismanlar (predator ve parazitoit) tespit edilmistir. Tespiti yapilan predatorler arasinda coccinellidler, syphidler,
anthocoridler ve neuropterler cok dnemli yer tutmaktadirlar. Bu gruplardaki tiirler farkli afit tiirlerinin nimf ve
erginlerini yiyerek, popiilasyonlarmin biiyiik oranda baski altinda tutulmasinda énemli rol oynamaktadirlar. Bu
nedenle, Atatiirk Universitesi Kampiisii'nde 7. saltans ile yapilacak herhangi bir miicadele de (6zellikle
kimyasallarla) bu predatdrlerin varliinin géz dniinde bulundurulmasi biiylik 6nem tasimaktadir. Yiriitillen bu
calismada zararlmin Atatiirk Universitesi Kampiisii’'nde mayis aymin ilk haftasindan itibaren popiilasyon
olusturmaya basladig1 tespit edilmistir. Yapilan gozlemler sonucunda, 7. saltans’in geng agaclarin 6zellikle taze
stirgiinlerini daha ¢ok tercih ettigi ve sik olarak dikilen alanlardaki karaagaclarda popiilasyon diizeyinin daha
yiiksek oldugu izlenmistir. Biitiin bunlardan yola ¢ikilarak, kimyasal uygulanmasi mutlaka yapilmasi isteniyorsa
afidin ilk ¢ikis zamani (mayis baslar1) popiilasyon artmadan uygulamanin yapilmasidir. Cilinkii ¢alismadan elde
edilen veriler 15181nda, predator tiirlerin mayis sonlarindan itibaren popiilasyon olusturduklar1 gériilmektedir. Bu
uygulamalardan en az zarar gorecekleri donem bu zamanlardir.

4. Sonug¢

Tarimsal driinler ile orman ve siis bitkilerinde zararli olan afit tiirleri ile miicadelede en ¢ok bagvurulan metot
kimyasal miicadeledir. Fakat, kimyasallarin insan, hayvan ve ¢evre saglig1 agisindan dezavantajlarmin olmasi,
arastirmacilari bunlarla miicadelede kimyasal yontemlere alternatif olan g¢evre dostu miicadele metotlarini
kullanmaya yoneltmistir. Son yillarda zararli bocek popiilasyonlarini EZE (ekonomik zarar esigi) altinda
tutabilmek amaciyla ozellikle biyolojik miicadele ¢aligmalarina biiyiik dnem verildigi goriilmektedir. Biyolojik
miicadele ¢alismalarinda istenilen sonuglarin elde edilebilmesi igin hedef alinan tiiriin biyo-ekolojik 6zellikleri ile
birlikte dogal diismanlarinin da tespit edilmesi oldukca 6nemlidir.
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‘Candidatus Phytoplasma solani’ (Subgroup 16SrXII-A) Associated with Nicotiana
tabacum Leaf Abnormality in Turkey

Tiirkiye'de Nicotiana tabacum Yaprak Anomalileri ile iliskili ‘Candidatus Phytoplasma
solani’ (Alt grup 16SrXII-A)

Filiz Randa ZELYUT"", Adyatma Irawan SANTOSA? Ali KARANFIL?

Abstract

Tobacco (Nicotiana tabacum) is among the agricultural products with the highest added value in Turkey. Although
frequently associated with its negative effects on human health, it also provides important contributions to the
Turkish economy with the employment it creates in rural areas and continues to be a strategic product. Many
postgraduate theses and studies related to the sociological and economic importance of the production of this plant,
which is of great importance for our country, have been carried out. However, there are very limited studies on
plant diseases in tobacco production areas in Turkey. Phytoplasma is one of the important plant pathogens that
cause yield loss in tobacco. Since available data on phytoplasma diseases on tobacco was very scarce worldwide,
field surveys to collect samples showing phytoplasma infection-like symptoms such as yellowish color changes,
leaf blisters, proliferation, dwarfism, and other physical abnormalities were carried out in Canakkale and Balikesir
provinces of Turkey from June to August 2021. The presence of phytoplasmas in six samples was confirmed by
16S ribosomal DNA amplification by nested-PCR using universal phytoplasma primer sets, which also suggested
the pathogen associated with the symptoms on tobacco. According to phylogenetic study and virtual-RFLP
analysis using 4/ul and Msel endonuclease enzymes, the six Turkish tobacco phytoplasma strains all belong to
group 16SrXII and have more than 99% nucleotide sequence identity with some members of ‘Candidatus
Phytoplasma solani’ of the taxonomic subgroup ‘stolbur’ (16SrXII-A). Genetic distances analysis indicated that
group 16Srl was more closely related to 16SrXII than 16SrVI, in agreement with the groups clustering in the
phylogenetic tree. Neutrality tests found that 16Srl and 16SrXII groups are experiencing expanding or bottleneck
selections, probably due to new mutations in the 16S rRNA gene fragment. Meanwhile, 16SrVI populations are
shown to be undergoing balancing selections, indicating that its isolates have evolved for a long time.

Keywords: Tobacco, phytoplasma, Genetic diversity, Phylogenetic, /n-silico RFLP analysis
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Zelyiit & Santosa & Karanfil
‘Candidatus Phytoplasma solani’ (subgroup 16SrXII-A) associated with Nicotiana tabacum leaf blisters in Turkey

Oz

Tiitiin (Nicotiana tabacum) Tiirkiye’de katma degeri en yiiksek tarimsal iiriinler arasinda yer almaktadir. insan
sagligina olan olumsuz etkileri ile siklikla glindeme gelmesinin yani sira, kirsal alanlarda olusturdugu is giicii ile
de Tiirk ekonomisine énemli katkilar sunmakta ve stratejik bir {iriin olma 6zelligini devam ettirmektedir. Ulkemiz
icin bilylik 6neme sahip bu bitkinin iiretiminin sosyolojik ve ekonomik 6nemi ile gerceklestirilmis cok sayida
lisansiistii tez ve calisma mevcuttur. Ancak, Tiirkiye tiitiin {iretim alanlarinda bitki hastaliklar ile ilgili olarak
gerceklestirilmis son derece simirli sayida ¢alisma vardir. Tiitiinlerde verim kaybina neden olan 6nemli bitki
patojenlerinden bir tanesi de fitoplazmadir. Tiitiin fitoplazma hastaliklarina iliskin mevcut veriler diinya ¢apinda
cok az oldugundan dolayi, Canakkale ve Balikesir illerinde tiitiin ekim alanlarinda sarimsi renk degisiklikleri,
yaprak kabarciklari, proliferasyon, ciicelik ve diger fiziksel anormallikler gibi fitoplazmalarin neden oldugu
semptomlar gosteren orneklerin toplanmasi i¢in Haziran-Agustos 2021 tarihleri arasinda Tiirkiye'nin Canakkale
ve Balikesir illerinde saha arastirmalar1 yapilmstir. Alt1 6rnekte fitoplazmalarin varlig, tiitin semptomlariyla
iligkili patojeni de Oneren evrensel fitoplazma primer setleri kullanilarak nested-PCR ile 16S ribozomal DNA
amplifikasyonu ile dogrulanmistir. Filogenetik analizler ve A/ul ve Msel endoniikleaz enzimlerini kullanilarak
uygulanan sanal-RFLP analizleri bu izolatlarin 16SrXIl ‘‘Candidatus Phytoplasma solani’’(Stolbur) grubu ve
16SrXII-A altgrubu strainleri ile %99'dan fazla niikleotid dizi 6zdesligine sahip oldugunu gostermistir. Genetik
mesafe analizi, filogenetik agagta kiimelenen gruplarla uyumlu olarak, grup 16SrI'nin 16SrXII ile 16SrVI'dan daha
yakindan iliskili oldugunu gostermistir. Tarafsizlik testleri ile, 16Srl ve 16SrXII gruplarinin, muhtemelen 16S
rRNA gen fragmentinde yeni mutasyonlar nedeniyle genisleyen veya darbogaz secimlerinden gegtigini
gostermistir. Ayrica, 16SrVI popiilasyonlarinin uzun bir siiredir evrimlestigini gosteren dengeleme secimlerinden
gectigi gosterilmistir.

Anahtar Kelimeler: Tiitiin, Fitoplazma, Genetik gesitlilik, Filogenetik, /n-silico RFLP analizi
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1. Introduction

Tobacco (Nicotiana tabacum) produced in Turkey is in great demand due to its special quality and
characteristics and is widely known as ‘Turkish/Oriental Tobacco’ in world markets (Wolf, 1949). Therefore,
despite its adverse effects on human health, tobacco is still an important cultural plant in Turkey for the income it
provides to farmers in the rural areas, and the generated tax revenue for the national economy (Yiirekli et al., 2010).
In Turkey, 90% of tobacco is grown in Western Anatolia and the rest in other regions (TSI, 2021).

Phytoplasmas are plant pathogenic prokaryotes belonging to the Mollicutes class due to their lack of a cell wall.
They are obligate parasites which life cycle in infected plants was restricted only in the phloem (Marcone, 2014).
Transmission between plants occurrs with the help of plant phloem-sap-feeding insects, such as leathoppers,
planthoppers, and psyllids. With very small genome of 680-1600 kilobases, the size of pleomorphic phytoplasmas
varies from 200 to 800 nm (Bertaccini et al., 2014).

The pathogens are associated with hundreds of diseases, many are devastating ones; thus, reliable molecular
tools including standard PCR and nested-PCR had been established for their proper identification. The molecular
characterization of phytoplasmas was also used to discriminate them based on a particular 16S ribosomal gene
sequence (16S rRNA) (about 1200 bp) into 33 groups which each have several subgroups (Bertaccini and Lee,
2018).

Viral diseases, other leading factors limiting tobacco production, has been relatively well studied globally
(Stankovic¢ et al., 2011; Akinyemi et al., 2016), including in Turkey (Erdem, 2010; Culal-Kili¢ et al., 2017; Usta
etal., 2020; Karanfil et al., 2020). On the other hand, there was no data related to the status of tobacco phytoplasma
diseases, which are defined as closely related to virus diseases in terms of some symptomatological features, in
Turkey. The description of natural infection of phytoplasma in other countries was also very scarce, although the
physiological changes in tobacco inoculated with phytoplasma isolated from other plant species had been recorded
(Lepka et al., 1999; Lherminier et al., 2003). Furthermore, data on the nucleotide sequence of tobacco
phytoplasmas are limited in the NCBI GenBank.

In Turkey, the presence of phytoplasma in tobacco is highly suspected, as different groups of the pathogen
have been previously identified in solanaceous and other crops (Caglar et al., 2010; Usta et al., 2018; Yilmaz et
al., 2019; Giiller and Usta, 2020). Besides that, the causal agent of some viral-like tobacco diseases remains
unresolved (Erdem, 2010; Culal-Kili¢ et al., 2017). On that account, field monitoring was carried out in Canakkale
and Balikesir provinces, two important production centers of the Marmara and Aegean regions, to collect samples
from plants with typical symptoms of phytoplasma disease. Samples were then molecularly analyzed to determine
the infection rate and genetic diversity of phytoplasmas in the region. The outputs of this study could help to reduce
the obvious worldwide knowledge gaps on phytoplasmas infecting tobacco.

2. Materials and Methods
2.1. Collection of phytoplasma sources

Surveys were carried out in randomly selected tobacco fields representing different areas of Canakkale and
Balikesir provinces which are located in the Southern Marmara Region in Turkey from June to August 2021.
According to the size of the plant, whole or leaf samples were taken from plants symptomatic of phytoplasma
infection. In addition, samples were taken from plants that did not show any symptoms. Samples were individually put
inside a plastic bag containing silica gel then placed in a cooled icebox, and then brought to the laboratory to be
stored at -20 °C until further tests.

2.2. Total nucleic acid isolation and Nested-PCR assays

Total nucleic acid (TNA) was isolated from samples following a modified cetyltrimethylammonium bromide
(CTAB) method developed by Li et al. (2008). The obtained DNA were kept at -20 °C until further application.

Nested-PCR (Nested-Polymerase Chain Reaction) modifications were applied in the amplifications of the
targeted 16S rRNA gene region. TNAs concentration of each sample was spectrophotometrically measured using
nano-drop (Thermo Sci., USA) and then adjusted by diluting with nuclease-free water. First PCR amplification
was performed by mixing 25-30 ng/ul TNA, 0.4 uM R16mF2/R16mR2 universal primer pairs (Baric and Dalla-
Via, 2004), 1.8 mM MgCl, 0.4 mM dNTP, 1.25 units Taq polymerase (Ampliqon, Denmark), 1X PCR buffer,
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and nuclease-free water for a total volume of 25 pl per reaction tube.

Reactive products obtained from the first amplification were diluted with nuclease-free water at a ratio of 1:30
and then used as templates for the second reaction. The second reaction was carried out with 1 pl of the diluted
reactive product, 0.4 pM R16F2n/R16R2 universal primers (Gundersen and Lee, 1996), and other components
with the same mixing ratios of the first reaction. The well-characterized ‘Candidatus Phytoplasma trifolii (clover
proliferation)’ isolate BY'11-2 (acc. no. MZ452938) and ‘Carrot yellows phytoplasma (aster yellows)’ isolate BD1-
2 (acc. no. MZ452911) were also amplified as positive controls. The reaction products were run on a 1% agarose
gel in 1X TAE buffer solution at 100 V for 1 hour. The agarose gel was then stained with ethidium bromide and
visualized in a UV imaging device (Gene genius, UK). Successfully amplified DNA samples were submitted to
BM Laboratory Systems, Ankara, Turkey for bidirectional sequencing using the Sanger method.

2.3. Phylogenetic analysis

Nucleotide (nt) sequences of the 16S rRNA gene of the newly obtained isolates were subjected to BLAST
analysis (blast.ncbi.nlm.nih.gov) to determine their identity rates with other phytoplasma isolates. 16Sr groups and
subgroups with the highest nt identity to the new isolates and other groups and subgroups containing important
strains were retrieved from the NCBI GenBank, then aligned with sequences of the new tobacco isolates using
CLUSTAL W implemented in MEGA X v.10.2.4 (Kumar et al., 2018), and then trimmed according to the new
isolate sequences length.

The best nt substitution model for the alignment was determined using the lowest BIC (Bayesian Information
Criterion) scores in MEGA X v.10.2.4. The alignment was then subjected to a phylogenetic analysis using the
Kimura-2-parameter model (Kimura, 1980) with Gamma distribution (shape parameter = 1) in the Maximum-
Likelihood statistical method implemented in MEGA X v.10.2.4 (Kumar et al., 2018) to reveal the molecular
evolutionary relation of the new and known phytoplasma isolates. Branches were supported by 1000 bootstrap
replications. In addition, Acholeplasma laidlawii (acc. no. M23932), a non-cell wall bacterium genetically related
to phytoplasmas, was used as an outgroup to increase the reliability of the main branches in the obtained
dendrogram.

2.4. In silico-RFLP analysis

To determine the 16Sr ribosomal groups and subgroups of new tobacco phytoplasmas, computer-simulated i
silico-RFLP (restriction fragment length polymorphism) analysis was performed using iPhyClassifier software
(Zhao et al., 2013). For this purpose, 16S rRNA-encoding gene sequences obtained were digested separately using
17commonly used restriction enzymes (Rsal, Sspl, Taql, Bfal, BstUl (Thal), Alul, BamHI1, Dral, Hinfl, Hpal,
EcoRl, Haelll, Hhal, Sau3Al (Mbol), Hpall, Kpnl, and Msel). Comparisons were then made between the new
isolates with reference isolates of the 16SrXII-A subgroup using 4/ul and Msel endonucleases. In addition, nt
identity rates of the new isolates with reference isolates of the 16SrXII-A subgroup were also determined using
the same software.

2.5. Genetic distances

The mean evolutionary distance of the 16S rRNA gene of tested phytoplasma isolates within and between
ribosomal groups 16Srl, 16SrXII, 16SrVI were calculated using the Kimura-2-parameter model (Kimura, 1980)
in MEGA X v.10.2.4 (Kumar et al., 2018). Estimates of standard error (SE) were obtained by a bootstrap procedure
(1000 replicates).

2.6. Genetic diversity and Neutrality analyses

DnaSP v.6.12.03 software (Rozas et al., 2017) was used to measure the genetic diversity of the 16S rRNA gene
of the new Turkish tobacco and other phytoplasma isolates. The three ‘Neutrality tests’: Fu and Li’s F* and Fu
and Li’s D* (Fu and Li, 1993), and Tajima’s D (Tajima, 1989) were carried out with a default window length of
100 sites and step size of 25 sites; without out-group using DnaSP v.6.12.03 (Rozas et al., 2017) to provide
demographic data of the analyzed populations.
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3. Results and Discussion
3.1. Symptomatology and Nested-PCR results

A total of 61 samples, 32 from Canakkale and 29 from Balikesir, were collected during field surveys. The
expected 1.2 kb fragments were obtained only in 1 out of 32 samples from Canakkale and 5 out of 29 samples
from Balikesir. Symptomatologically, the positive tested samples were mostly plants with yellowish color changes
in their leaves, leaf blisters, proliferation, dwarfism, and other physical abnormalities (Figure I). The prevalence
rate of phytoplasma was 9.84% in the surveyd regions, which indicates that phytoplasma infection is not common.
This low incidence rate might be associated with plant resistance and also the limited number of vectors
transmitting phytoplasma (Weintraub and Wilson, 2009). In addition, only a few vectors were observed since
farmers, considering tobacco as a valuable commodity, routinely apply insecticides, including those used in
planthopper and leathopper controls, on their crops (Temel and Oztekin, 2020).

Figure 1. Symptoms on tobacco plants infected with phytoplasma in Balikesir province. (a) and (b).
Conspicuous leaf blisters on lower leaves and plant dwarf; (c). Leaf yellowing, leaf proliferation, and plant
dwarf

3.2. Molecular evolutionary relationships

All six isolates were bidirectionally sequenced, and the obtained sequences were registered in the NCBI
GenBank with accession no. OK336713-18 (Table 1).

Table 1. NCBI GenBank accession numbers of novel tobacco phytoplasma isolates obtained in this study, and
their identity rates to reference isolates

Isolate Province Accession no NCBI el Chgs;]f‘;‘ie:i-es:lrtmlarlty
%99,84-MN047263
Tut-78 Canakkale 0OK336713 Euscelis incisus
Ca. P. solani
%99,78-MF503627
Tut-7 Balikesir 0OK336714 Daucus carota
Ca. P. solani
%99,87-MN047263
Tut-3 Balikesir OK336715 Euscelis incisus
Ca. P. solani
%99,84-MN047263
Tut-2 Balikesir 0OK336716 Euscelis incisus
Ca. P. solani
%99,92-MN047263
Tut-20 Balikesir OK336717 Euscelis incisus
Ca. P. solani
%99,79-MF503627
Tut-1 Balikesir OK336718 Daucus carota
Ca. P. solani

1.00
AF248959
Catharanthus roseus
16SrXII-A
“Stolbur” (STOL11)
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Based on BLAST analysis, our nucleotide sequences shared nucleotide identity ranging from 99.79% to 99.92%
compared with reference isolates of 16SrXII (blast.ncbi.nlm.nih.gov). iPhyClassifier analysis showed more
specifically that all Turkish tobacco isolates had a 1.00 similarity coefficient to ‘Candidatus Phytoplasma solani’
(16SrXII-A ‘Stolbur’) clone STOL11 (Table I). Therefore, the nt sequences of 14 subgroup 16SrXII-A and 7
subgroup 16SrXII-B isolates, and also 20 group 16Srl, and 15 group 16SrVI isolates were retrieved from the NCBI
GenBank to be compared to the six tobacco phytoplasma isolates. The six tobacco phytoplasma isolates were all
positioned in a cluster together with other 14 subgroup 16SrXII-A isolates in the constructed phylogenetic tree,
confirming that they are belonging to the subgroup (Figure 2).
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Figure 2. Maximum-likelihood phylogenetic tree of nucleotide sequences of 16S rRNA gene fragment
(1248 bp) of six novel tobacco isolates (OK336713-18) and 56 other phytoplasma isolates belonging to
different groups were constructed using Kimura 2-parameter model and Gamma distributed rates among
sites. Branches were supported by 1000 bootstrap replicates; only values greater than 90% were shown. The
six novel tobacco isolates, marked with square dots, were clustered in subgroup 16Sr-XII-A

Infection of tobacco crops by different groups of phytoplasma has been observed across the world (Mitrovi¢
and Duduk, 2011) but no comprehensive survey and molecular study on this subject has been reported. Moreover,
only five isolates were available in the NCBI GenBank database on November 19, 2021, under the search terms
"phytoplasma tobacco" and "phytoplasma nicotiana tabacum": Cuban tobacco phytoplasma (16Srll) isolate
Granma (collected in Cuba, acc. no. EU328255), Tobacco phytoplasma (16Srl) strain Dhtol (collected in India,
acc. no. JF958126), and ‘Ca. P. solani’ (16SrXII) strains 142/09, 159/10, and 284/09 (collected in Serbia, acc. no.
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JQ730739, KC417488, and JQ730740). Therefore, the molecular characterization and population analysis
presented in this current study could provide significant information on the tobacco infecting phytoplasma.

Molecular evaluation analysis showed that six new tobacco isolates were located in 16SrXII-A subgroups, with
five of them being in a distinct subcluster, indicating that tobacco isolates might have unique genomic
characteristics when compared to other 16SrXII-A isolates. The new tobacco isolates were positioned in a
subcluster that was separated from two ‘Ca. P. solani’ isolates (MN398467 and MN398472) from grape (Vitis
vinifera) originated from the nearby Izmir province, indicating that genetic variations among Turkish isolates were
probably more related to hosts than geographic locations. Although grape is also highly cultivated in Turkey (Bahar
et al., 2019), the transmission of ‘Ca. P. solani’ from other solanaceae to tobacco or vice versa is more likely, as
tomato (Solanum lycopersicum) in Turkey has been known to also harbor ‘Ca. P. solani’ isolates (Giiller and Usta,
2020). The phylogenetic cladograms obtained from comparisons of three important ribosomal groups
(16SrI/XI1/VI) and their subgroups were similar to the topology of the three major phytoplasma subclades revealed
in previous studies (Chung et al., 2013; Zhao et al., 2014).

A previous study showed that inoculation of apple proliferation phytoplasma (AP) (group 16SrX) into tobacco
plants resulted in symptoms such as yellowing of leaves, reduced leaf size, and shoot proliferation (Lepka et al.,
1999). Similarly, leaf yellowing, leaf blister, and growth disorder symptoms were also observed in naturally
stolbur-infected tobacco in the present study (Figure 1).

3.3. In silico-RFLP analysis

The virtual RFLP patterns of 4/ul and Msel restriction enzymes obtained using the 16S rRNA gene amplified
with R16F2n/R16R2 universal primers from Turkish tobacco isolates showed high similarity with a 16SXII-A
reference isolate (Figure 3). Additionally, digestion with commonly used 17 enzymes for each of the Turkish
tobacco phytoplasma isolates showed that the profiles of all new isolates were similar to each other (Figure 4).
Therefore, collective RFLP patterns derived by iPhyclassifier from the 16S rRNA gene fragment were consistent
with results of phylogenetic analysis and revealed that the six-novel tobacco phytoplasma were members of
subgroup 16SrXII-A.

b
5
2

]

Figure 3. In silico RFLP profile of the partial 16S rRNA gene (1.2 kb) constructed using the iPhyclassifier
program (Zhao et al., 2013) from Alul (a) and Msel (b) endonucleases that distinguished (STOL) 16SrXII
subgroups. Green and yellow boxes show similarity of 16Sr XII-A subgroup enzyme digest profile with
Turkish tobacco isolates

The results of the phylogenetic analysis were further supported by a computer-simulated virtual RFLP analysis,
which can increase the accuracy of phytoplasma classification based on the 16S rRNA gene region (Zhao et al.,
2009). As expected, the new tobacco isolates showed the exact A/ul and Msel enzymes digest profile with a
reference isolate of subgroup 16Sr XII-A. Additionally, a ‘Ca. P. solani’ isolated from Catharanthus roseus
(Periwinkle) in the USA (acc. no. AF248959) (Davis and Dally, 2001) showed an identical in silico RFLP profile
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(similarity coefficient = 1.00) with all new tobacco isolates (7able 1); thus, they are probably the same phytoplasma
isolate, but further study on other genome region is necessary to confirm this.

Stolbur phytoplasma is associated with a wide range of hosts such as celery, grapevine, strawberry, tomato,
and lavender, and its presence in five major world continents has also been reported (Bertaccini et al. 2014).
Likewise, it has been documented that this subgroup infects plants belonging to various families, such as carrot
(Sertkaya, 2014), pistachio (Guldur et al., 2018), tomato (Giiller and Usta, 2020), and grapevine (Simsek and
Gilldiir, 2021) grown in different regions of Turkey. However, to the best of our knowledge, this is the first record
of infections caused by 16SrXII-A ribosomal subgroup phytoplasma in tobacco cultivation areas in Turkey.
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Figure 4. In silico RFLP profile of the partial 16S rRNA gene (1.2 kb) of Novel isolates: a. Tut-78-
Canakkale, b. Tut-7- Balikesir, c. Tut-3-Balikesir, d. Tut-2-Balikesir, e. Tut-1-Balikesir, f. Tut-20-Balikesir
that were constructed using the iPhyclassifier program (Zhao et al., 2013) from 17 restriction enzymes

3.4. Genetic distances

The genetic distance values of analysed isolates within their respective groups 16Srl (AY), 16SrXII (STOL),
and 16SrVI (CP) were all found to be very low. The genetic distance value between groups 16SrXII and 16SrVI
(0.0709+0.0084) was estimated to be the highest in comparisons among three groups (7able 2), indicating that
isolates of 16Sr] were genetically more closely related to 16SrXII than 16SrVI.

Table 2. Estimates of the average evolutionary divergence over sequence pairs of the 16S rRNA gene
fragment (1248 bp) of phytoplasma isolates from different groups

Ribosomal Groups 16Sr1 16SrXII 16SrVI
16SrI group 0.01+0.00
16SrXII group 0.0336+0.0045 0.01+0.00
16SrVI group 0.0642+0.0079 0.070940.0084 0.00+0.00
Overall Mean Distance 0.04+0.00

The relationships among the three groups were also examined in the genetic distance and genetic diversity
analyses. 16SrXII had the greatest within-group variation compared to 16Sr-1 and 16SrVI, according to both
genetic distance and genetic diversity analyses. However, the genetic variation was minimal, as shown by the very
low mean evolutionary distance as well as low m, S, and n values of each group (7Table 2 and Table 3). The
evolutionary distance measures also determined that 16Srl had lower nt divergence to 16SrXII than 16SrVI (Table
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2), which was in line with close positioning of 16Srl and 16SrXII in the main lineage of the phylogenetic tree, and
clustering of 16SrVI in a separate lineage (Figure 2).

3.5. Genetic diversity and Neutrality analyses

The =, S, and n values of each phytoplasma group were very low, but the metrics scored significantly for the
combination of the three groups, indicating much lower genetic divergence at group level than at the genus level.
16SrXII group obtained higher , S, and 1 values than two other groups, suggesting high diversity among its
isolates, which includes the new six tobacco isolates (Table 3). The groups 16Srl and 16SrXII showed low
nucleotide diversity (t = 0.00547 and 0.00860, respectively) but high haplotype diversity (Hd = 0.963 and 0.860,
respectively). These results indicated that the populations have expanded recently and that there are haplotypes
that are closely related to each other. Meanwhile, both x (0.00268) and Hd (0.590) values were very low for the
group 16SrVI populations, showing high identity among isolates of the group (7able 3). The three neutrality tests
assigned statistically insignificant negative values to 16Srl and 16SrXII groups while giving statistically
significant and insignificant positive values to the 16SrVI group and the overall isolates examined in this study
(Table 4).

Table 3 Summary of genetic diversity analysis on the 16S rRNA gene fragment (1248 bp) of different

phytoplasma groups

Ribosomal Groups N Pi h Hd S Eta
165rl 20 0.00547 16 0.963 28 31
Aster yellows
[6SIXII 27 000860 15 0.860 41 41
Stolbur
16SrVI1
Clover proliferation 15 0.00268 3 0.590 7 7
All isolates 62 0.04924 34 0.948 169 181

N: Number of Sequences, Pi: Nt diversity, H: No of Haplotypes, Hd: Haplotype diversity,S: Segregating sites, Eta: Total
number of mutations

Table 4 Summary of demography test statistics on the 16S rRNA gene fragment (1248 bp) of different

phytoplasma groups

Ribosomal Groups Fu and Li’s D* Fu and Li’s F* Tajima’s D
165 10.53302 ns 10.63628 s 10.57907 ns
Aster yellows
[6SIXII 10.63264 ns 10.56594 ns L0.15868 ns
Stolbur
testvi 0.75006 ns 123621 ns 197479 ns
Clover proliferation
All isolates (16Sr-1/VI/XII) 0.97365 ns 1.71814 * 2,13867 *

Statistical significance: P > 0.10; 0.10 > P > 0.05; *, P < 0.05

Neutral selection results suggested demographic disparities among the three observed phytoplasma groups.
The negative values obtained by 16Srl and 16SrXII groups indicate that the two populations are experiencing
expanding or bottleneck selections, which could be driven by low-frequency polymorphism (new mutations) in
the 16S rRNA gene fragment of their isolates. On the other hand, the 16SrVI population, which also was
genetically divergent to 16Srl and 16SrXII, obtained positive values from the three neutrality tests. The results
suggested that 16SrVI have evolved for a long time, thus undergoing balancing selections.

4. Conclusions

In our study, the phytoplasmas that cause infections in tobacco plants in Turkey are from the ‘Ca. P. solani’
subgroup 16SrXII-A. By using 16S rRNA nt sequences of six positive samples and other global isolates, the population
genetic structure of phytoplasmas of the *stolbur’ group was revealed. All the findings showed that the 16S rRNA gene
region, which is used extensively in the detection and classification of phytoplasmas, is highly conserved; with the
lowest nt identity being in the 16SrXII group. However, to better understand the epidemiology of the agent, host
adaptation and/or selection, and to reveal the evolutionary mechanisms that govern these processes, more detailed
studies and bioinformatic analyses with non-ribosomal phytoplasma genes (7uf, Vmp1, SecY, etc.) are required in future
studies.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Arazi Toplulastirmamin Tarima ve Tarimsal Mekanizasyona Katkisi; Canakkale-Biga-
Derekoy Ornegi

Contribution of Land Consolidation to Agriculture and Agricultural Mechanization;
Canakkale-Biga-Derekoy Example

Pmar GURGENC IRMAKLI", Arda AYDIN?

Oz

Artan niifusun gida talebini karsilayabilmek icin toprak ve su kaynaklarinin daha ekonomik ve etkin
degerlendirilmesi ile birim alandan alinan verimin ve elde edilen gelirin arttirilmasi gerekmektedir. Ulkemizde
mevcut tarim alanlarim etkin ve siirdiriilebilir bir sekilde kullanimimi engelleyen en dnemli sorunlarin baginda
arazi pargaciligi gelmektedir. Arazi parcaciligt modern tarim tekniklerinin uygulanmasini zorlastirarak iilke
ekonomisine olumsuz etkile yaratmaktadir. Bu noktada, mevcut tarim alanlarimi1 daha etkin kullanip
mekanizasyondan iist diizeyde faydalanmak i¢in arazi toplulastirma projeleri devreye girmistir. Arazi toplulagtirma
caligmalariyla kiiciik, sekilsiz, pargali ve daginik parsellerin bir biitiin haline getirmek amaglanmaktadir. Miras
yoluyla parcalanan parsellerin biitiinliigii ve iiretim devamliligi amaclanmistir. Arazi toplulastirmasi ile tarimsal
mekanizasyona daha uygun olan dikdértgen ve kare sekillerine getirilmis her parselin yola sinirinin da olmasiyla
tretim faaliyetleri sirasinda olusabilecek en Onemli girdilerden yakit, is giici ve zamandan tasarruflar
saglanmaktadir. Bu ¢alismada Canakkale ili Biga ilgesi Derekdy mahallesinde tamamlanan arazi toplulastirma
caligmas1 verileri degerlendirilerek eski ve yeni durumlar incelenmistir. Derekdy mahallesinde 341 ha alanda
tamamlanan toplulastirma projesi ile 1088 adet parsel sayisi 507 adet parsele diisiiriilmiis olup, toplulagtirma
orant %52.40’tir. Eski durumda ortalama parsel yiizolglimii 3.13 dekar iken toplulastirma projesinin
tamamlanmasiyla 6.58 dekara yiikselmis olup %82 oraninda parsel biiyiikliigii artis1 saglanmistir. Parsel sayisinin
azalmasi ve parsel biiyiikliigiiniin artmasiyla tarimsal mekanizasyondan ve iiretim girdilerinden biiyiik 6lgiide
azalma olmustur. Calismada rast gele segilen bir ¢iftcinin eski durumda 8 parseli varken toplami 34 dekar olan
arazisinden kdy merkezine gidis doniis i¢in 25 km yol yapmaktadir. Toplulastirma projesinin tamamlanmasiyla 8
parseli 2 parsele diismiis ve bu iki parselin kdy merkezine uzakligi 5.5 km’ye diismistiir. Ciftcinin yolu %78
oraninda kisalmis olup mazot gibi en énemli girdinin %78 azalmasi ¢ok Snemli bir katki saglamigtir. Yolun
kisalmasiyla traktoriin amortisman giderlerinden tutunda iretim igin harcadig: tim girdilerinde yiiksek oranda
azalma saglanmistir. Projenin tamamlanmasiyla her parselin yolunun olmasi ve sulama kanalina baglantisinin
olmasiyla iiretimin devamlilif1 saglanmigtir. Kirsal alanda yasayan halkin yagsam sartlarini rahatlatacak proje ile
koyden kente gegisin engellenmesine katki saglandig1 degerlendirilmektedir.

Anahtar Kelimeler: Arazi toplulastirma, Arazi parcaliligi, Tarimsal mekanizasyon, Toplulastirma orani, Parsel say1si, Yakit
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Abstract

In order to meet the food demand of the increasing population, it is necessary to use the soil and water resources
more economically and effectively, and to increase the productivity and income obtained from the unit area. Land
fragmentation is one of the most important problems that prevent the effective and sustainable use of existing
agricultural lands in our country. Land fragmentation creates a negative impact on the country's economy by
making the application of modern agricultural techniques difficult. At this point, land consolidation projects have
been put into action in order to use the existing agricultural lands more effectively and to benefit from
mechanization at a high level. With land consolidation studies, it is aimed to bring small, shapeless, fragmented
and scattered parcels into a whole. It is aimed to ensure the integrity and production continuity of the parcels that
are fragmented through inheritance. With land consolidation, each parcel brought into rectangular and square
shapes, which is more suitable for agricultural mechanization, has a road border, thus saving fuel, labour and time,
which are the most important inputs that may occur during production activities. In this study, the data of the land
consolidation study completed in the Derekdy neighbourhood of the Biga district of Canakkale province were
evaluated and the old and new situations were examined. With the consolidation project completed on an area of
341 ha in Derekdy district, the number of 1088 parcels have been reduced to 507 parcels, and the consolidation
rate is 52.40%. While the average parcel area was 3.13 decares in the old situation, it increased to 6.58 decares
with the completion of the consolidation project, resulting in an 82% increase in parcel size. With the decrease in
the number of parcels and the increase in the parcel size, there has been a great decrease in agricultural
mechanization and production inputs. In the study, a randomly selected farmer had 8 parcels in the old situation
and made a 25 km road to the village centre from his 34 decares of land. With the completion of the consolidation
project, 8 parcels were reduced to 2 parcels and the distance of these two parcels to the village centre decreased to
5.5 km. The path of the farmer was shortened by 78%, and the 78% decrease in the most important input such as
diesel made a very important contribution. With the shortening of the road, a high reduction was achieved in all
inputs spent by the tractor for production, including depreciation expenses. With the completion of the project, the
continuity of production has been ensured as each parcel has a road and a connection to the irrigation canal. It is
evaluated that the project, which will relieve the living conditions of the people living in rural areas, contributes
to the prevention of the transition from the village to the city.

Keywords: Land Consolidation, Land Fragmentation, Agricultural Mechanization, Consolidation Rate, Number of Parcels,
Fuel Savings
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Arazi Toplulagtirmanin Tarima ve Tarimsal Mekanizasyona Katkisi; Canakkale-Biga-Derekéy Ornegi

Giris

Tarim, 6ncelikle insanligin beslenme ihtiyaglarini karsilamak i¢in topragin islenmesi olarak tanimlanmaktadir.
Insanlik sadece beslenme ihtiyaglari igin degil ayn1 zamanda ticari amaglar igin de tarrma bagvurmaktadir. Bu
nedenle tarim insan hayatinda 6nemli bir gecim kaynagidir. Ancak diinya niifusu arttikca tarim i¢in gerekli olan
temel kaynaklardan biri olan toprak yetersiz kalmakta ve hizla azalmakta ayrica tarimsal iiretimde sorun haline
gelmektedir (Ozsar1 ve ark., 2021). Giiniimiiz diinyasinin en biiyiik problemlerinin baginda hizl1 niifus artigina
karsilik arttirilamayan tarim arazileri ile artan niifusun ihtiyaclarini karsilayacak tarimsal {iretimin saglanamamasi
gelmektedir.

Tarim alanlarinin genisletilemedigi durumda ve hizla devam eden niifus artisinda 2050 yilinda 10 milyara
ulagmasi beklenen diinya niifusunun ¢ok hizli sekilde artan gida talebini karsilayabilmek igin mevcut tarim
alanlariin ve kaynaklarinin cok daha ekonomik ve etkin sekilde kullanilmasi 6nem arz etmektedir. Mevcut tarim
alanlarindan daha fazla verim alabilmek i¢in, tarimsal faaliyetlere dogru bir sekilde devam edilmesi ve gelir artis
saglanarak {iretim maliyetlerinin de diisiiriilmesi gerekmektedir. Ancak tarim arazilerinin ¢esitli sebeplerle siirekli
parcalanmast iilkemizde tarimsal {iretimi olumsuz etkilemektedir (Tasdemir, 2001). Bu pargalanmay1 durdurmak
icin miras hukukunda degisiklikler yapilmis olsa da bu degisiklik mevcut daginik pargali hisseleri birlestirme
noktasinda herhangi bir katki saglamamaktadir. Bu noktada arazi toplulastirma ¢aligmalar1 devreye girmektedir.
Arazi toplulagtirma, daha biiyiik ve daha rasyonel arazi isletmeleri olusturmak amaciyla arazi parsellerinin
miilkiyet modelinin planli olarak yeniden diizenlenmesi olarak tanimlanabilir (Pasakamis ve Mailiene, 2010). Is
giiclinii azaltarak iiretim maliyetlerini azaltmasi, tarimsal faaliyetleri uygulama ve yonetme etkinligini arttirarak
tarla i¢i gelistirme hizmetleriyle birlikte liretim giderlerini biiyiik dl¢iide azaltmasi nedeniyle arazi toplulagtirmanin
6nemi her gecen giin daha da artmaktadir. Arazi toplulastirma projeleri ile kiiciik daginik ve parcalanmis parseller
birlestirerek daha biiylik ve daha rasyonel arazi isletmeleri olusturmak amaciyla arazi parsellerinin miilkiyet
modeli yeniden diizenlenmektedir. Ayrica toplulastirma projeleriyle birlikte tarla igi gelistirme hizmetlerinin de
saglanmastyla sulama, drenaj, tesviye sorunlari ¢oziilmiis olup iiretim devamlilig1 saglanmaktadir. (Ozkan, 1999).

Toplulastirma galismalar tarimin giiglendirilmesi, tarimsal {irlinlerin degerinin arttirilmasi, tarimda is giicii ve
maliyetin diisiiriilmesi ile tarimsal isletmelerin karlilik oranlarinin arttirilmasi amaciyla gergeklestirilmektedir
(Aricl, 1994). Kirsal alanda yasayan ve tarimsal faaliyetlerle gecimini saglayan insanlarin yasam standartlarinin
yiikseltilmesi, kirsal yerden kentlere bilingsiz gdclerin dnlenmesi, tarimsal iiretim alanlarinin gelistirilmesi,
iireticilerin orgiitlenmesi ve desteklenmesi, sulu tarima gecis ve birim alandan daha fazla verim alinmasi arazi
toplulastirmasi ve tarla i¢i gelistirme hizmetleri ¢alismalarinin gerekliligini ortaya koymaktadir.

Tiirkiye’deki tarim alanlar genellikle kiiciik, par¢ali ve dagmik isletmelerden olugmaktadir. Firat Kalkinma
Ajansi'nin 2013 yilinda hazirladig1 rapora gore lilkemizde tarimsal {iretim yapan igletme sayis1 artmakta. Ancak,
isletmelerin sahip oldugu tarim arazilerinin bilyiikliigli azalmaktadir. Gelismis iilkelerde ise bu durum tam tersidir,
ozellikle Avrupa Birligi'nde her gegen giin tarimsal isletme sayis1 azalirken, isletme arazilerinin bilyikligii
artmaktadir. Bu rapora gore, Tiirkiye'de cift¢i bagina ortalama tarim alani 6 hektar, Avrupa Birligi lilkelerinde ise
ortalama 19.7 hektardir (Iscan ve ark., 2020). Avrupa Birligi iilkelerinin %50'sinden fazlasmin sahip oldugu
isletme arazisinin ortalama biiyiikliigii 20 hektarin iizerindedir (Aric1 ve Aslan, 2014).

Isletmelerin sahip oldugu tarim arazilerinin biiyiikliigiiniin siirekli olarak azalmasi beraberinde birgok sorunu
getirmektedir. Eski geleneksel tarim isletmecili§inden modern tarim isletmeciligine gecilerek zaman, isgiicii ve
sermayeden tasarruflar saglanabilir (Aric1 ve ark. 2010). Bu amagla iilkemizde arazi toplulastirma ¢aligmalarina
uzun yillar 6nce baslanmis olup, ilk arazi toplulasgtirma ¢aligmast 1961 yilinda Topraksu Teskilati tarafindan
yapilmistir (Aric1 ve Aslan, 2014) ayrica 14 milyon hektar alanin toplulastirma caligmalarinin da 2023 yilinin
sonuna kadar tamamlanmasi &ngoriilmektedir. Oncelikli olarak teknik ve ekonomik agidan 8.5 milyon ha
sulanabilir tarim alaninda arazi toplulagtirma ¢aligmalarinin yapilmasi hedeflenmistir (Anonim,2018).

Arazi toplulastirma caligmalarinda kirsal kalkinmay: etkileyen arazi par¢alanmasinin 6niine gegebilmek icin
yeterli tarim arazisinin olusturulmasi temel kosuldur. Bu nedenle, siirdiiriilebilir isletme arazisinin biiyiikliigiiniin
olusturulmasi ve korunmasi, arazi toplulastirma projelerinin basarisin1 artirmaktadir (Boztoprak ve ark., 2015;
Degirmenci ve ark., 2017). Arazi toplulastirma calismalar1 sadece daginik parselleri birlestirmek degil, birim
alandan daha fazla verim almak ve iiretim girdilerini azaltarak, ¢ift¢ilerin hayat standartlarim yiikseltecek teknik,
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sosyal ve kiiltiirel 6nlemlerin alinmasi i¢in yapilmaktadir. Arazi toplulastirma projeleri, ayni zamanda yol, sulama
ve drenaj sistemlerini igeren tarimsal altyapi sistemlerini saglamak i¢in 6nemli bir aragtir (Akgay ve Angin, 1989).

Ulkemizde toplulastirma iizerine cesitli arastiricilar tarafindan birgok proje ve calisma yapilmis olup (Yaslioglu
ve ark., 2008; Kiisek ve ark., 2015; Boztoprak ve ark., 2015) bu projelerin basarili olmasi, parsel biiyiiklik ve
sekillerinin diizeltilmesi ve ciftcilerin isteklerinin saglanmasiyla miimkiindiir (Arslan ve Degirmenci, 2016). Arazi
toplulastirma ¢alismalarinin sonuglart incelendiginde ve parsel seklinin mekanizasyon {iizerine etkileri
degerlendirildiginde parsel sekillerinin diizeltilmesiyle tarimsal mekanizasyon kullaniminin arttig1 ve mekanik
sistemle is giicii giderinin azaldig: tespit edilmistir (Kiisek, 2014).

Toplulastirma g¢alismalari, tarim alanlarinda arazi pargalilik oraninin azaltilmasi ve sekil bozukluguna sahip
parsellerin yeniden yapilandirilmasi bakimidan da oldukca dnemlidir. Ciinkii yakit tiiketimi ve isgiicii ihtiyaci
parsel sekillerinin diizensiz olmasi durumunda artis gostermektedir (Arslan ve ark., 2021). Yakit tiiketiminde
sagladig tasarruf ile modern tarima imkan vermesi arazi toplulastirmasinin sagladig1 en dnemli yararlardandir.
Arazi toplulagtirmast ile birlestirilen pargali araziler efektif kullanima uygun hale getirilmekte, parsellere ulagim
kolaylagsmakta ve isletme gelirlerinde artislar saglanmaktadir. Arazi toplulagtirmasi ile tarimsal isletmelerin
gelirinde %25 artis olacag tespit edilmistir (Kiisek ve ark., 2015).

Kumbasaroglu ve Dagdemir (2007), Erzurum’da 34 kdyde 116 tarim isletmesini ortalama parsel bityiikliigiine
gore 4 grupta incelemis ve ortalama parsel bilyiikliigii 30 dekardan fazla olan isletmelerin ekonomik agidan daha
basarili oldugunu bildirmistir. Karaman’da yapilan bir diger ¢alismada, 1554 hektar alanda yapilan toplulagtirma
ile yatirim maliyetlerinin %44.6 azaldigin belirlemistir (Celebi 2010). Oguz ve Bayramoglu (2004), ise yaptiklari
caligmada, arazi toplulastirma ile yakit tliketiminin ortalama %12-15, calisma siiresinin %20, tohum
kullanimmin %21 ve giibre kullaniminin %17 azaldigimi bildirmislerdir. Kiisek (2014), tarafindan Konya’da
gerceklestirilen caligmada, toplulastirma calismalarinin isgiicii giderlerini %68.75, siiriim giderlerini %27.12 ve
ulagim giderlerini %4.13 oraninda azalttifi ortaya konmustur. Kayseri ilinde yapilan bir diger ¢aligmada
toplulastirma ile parsel sinir alan kayiplarinin %22.26, toprak isleme siiresinin %72.52, yol siiresinin %44.80,
toplam hazirlanma siiresinin %30.49 ve yol uzunlugunun %56.24 oraninda diistiigii belirtilmistir (Boztoprak,
2010). Kuslu ve Ertem (2019), yaptiklari ¢alismada arazi toplulastirmayla isletme merkezi ile parseller arasi yol
uzunlugu ortalamasinin %7.14 dolayinda azaldigini, yol aginin yaklasik %62.50 oraninda iyilestigini ve yoldan
faydalanan parsel oraninin %68’den %100’e ulastigini belirlemislerdir.

Bununla birlikte tiim diinya iilkeleri, sera gazlarinin atmosfere saliniminin azaltilmasi, kiiresel 1sinma ve iklim
degisikligine kars1 6nlemlerin alinmasi konularinda i birligi yapilmasi gerektigi konusunda hemfikirdir (Polat ve
Manavbasi, 2012). Polat ve Manavbasi (2012) tarafindan dort farkli arazi toplulastirma projesi icerisinden tesadiifi
orneklemeye gore toplam 20 isletme secilmis; isletme merkezi ile sahip olduklari parseller arasinda ve bu parseller
icerisinde kullanilan araglar ile harcanan yakit miktarlarin1 ve buna bagli olarak karbondioksit salinim degerlerini
toplulastirma &ncesi ve sonrasi olarak karsilagtirmislardir. (Wang ve ark., 2017), yapmis olduklari ¢alismada tarim
araclarindaki yakit tiiketimi tasarrufu ile, salinan zararli gazlarda da azalmalar oldugunu belirtmislerdir.
Degirmenci ve ark. (2017) yaptiklar1 ¢alismada, Nigde Misli Ovasi Tirhan Kdyii arazi toplulastirma projesi igin
en biiyiik 11 isletmeyi se¢mis, arazi pargalanmasi ve sekil indeks gostergelerini hesaplamislardir. Kuzu ve
Degirmenci (2020) tarafindan gerceklestirilen bir diger calismada arazi toplulastirma projelerinin tarimsal
mekanizasyon isletmeciligine etkisi arastirilmistir. Basit tesadiifi 6rnekleme yontemine gore segilen 96 isletmeye
ait parsellerin AT 6ncesi ve sonrast Alan Yol Uzunlugu Uygunlugu (AYU), Alan Kus Ucusu Yol Uzunlugu
Uygunlugu (KUYUU), yakit tiikketimi, parsel isleme siiresi, parsel basi doniis kaybi, yol zaman kaybi ve parsel
sinir alan kaybi parametreleri hesaplanmistir. Secilen isletmelerde AT dncesine gére AYU ve KUYUU degerleri
strastyla ortalama %43 ve %37 azalmistir. Yol uzunluklan kisaldigindan yakit tiikketimi ortalama %50, toplam
iiretim siiresi %36 azalmistir. AT sonrasi parsel sinir alan kaybi ortalama %38, parsel bas1 doniis kayb1 %38,
parsellere ulasimda gecen siire %50, parsel isleme siiresi %5 diismiistiir. Calismada AT 6ncesi ve sonrasi farklar
istatistiksel olarak énemli bulunmustur (P<0.05).

Isletmelerde saglanan tasarruf ile modern tarim imkanlar1 artmakta, arazi toplulastirmas ile iyilesen yol
giizergahlari, tarimda iiretkenligi ve motivasyonu yiikseltmektedir. Uretkenlikteki ilerlemeler iilkemizde tarimsal
kalkinmada biiytik rol oynamaktadir (Kirmikil ve Aydus, 2018).
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Arazi toplulastirmasi ve tarla i¢i gelistirme hizmetleri ¢alismalari ile sulama orani ve randimani artmakta, fiziki
tesislerin sebep oldugu arazi parcalanmalari 6nlenmekte, sulama projelerinin maliyetinde tasarruf saglanmakta,
arazi maliklerine kamulastirma bedeli yerine arazi verilerek, arazilerin pargalanmasi 6nlenmekte, sulama ve
modern tarim tekniklerinin uygulanmasinda kolaylik saglanmakta, isletme merkezi ile parseller arasindaki
mesafeler azalmakta ve her parsel yol agina baglanmakta, net arazi kullanim alani ve parsel biiytikliikleri artmakta,
parsel sekilleri diizenlenmekte, tarim isletmelerinde isgiicii tasarrufu saglanmakta ve tarim igletmelerinde gelir
artisi ile proje alaninda sosyal huzur saglanmaktadir (Anonim, 2018).

Biiyiik bir maliyetle tamamlanan toplulastirma projelerinde ciftcilerin toplulastirmaya karsi olan bakis agilar
ve diislincelerinin alinmasi da énemli bir konudur (Sisman ve Bilgin, 2016).

Yaslioglu ve ark., (2008) tarafindan gerceklestirilen bir diger caligmada Tiirkiye'de tarim alanlarinda daginik,
parcal1 parsellerin tarimsal verimliligi engelleyen en onemli sorunlardan biri oldugu ortaya konmustur. Arazi
toplulastirmasinin verimliligi artirmada etkili bir ara¢ oldugu, ancak basar1 oraninin biiyiik dl¢iide ¢iftcilerin
memnuniyetine ve benimsemesine bagli oldugu belirtilmistir. Bu nedenle ciftgiler i¢in dnemli olan konularin
belirlenmesinin gelecekteki arazi toplulastirma projelerini olumlu yonde etkileyebilecegi tezi ortaya atilmistir.
Gergeklestirdikleri calismada, ¢iftlik yapilarindaki ve tarimsal faaliyetlerdeki degisikliklerin arazi
toplulastirmasindan memnuniyet iizerindeki etkilerini belirlemislerdir. Elde ettikleri sonuglar, cift¢ilerin yaginin,
mahsul deseni planlamasindaki kolayligin, ¢iftlik merkezi ile parseller arasindaki mesafenin azalmasinin, arazilere
erisimde harcanan zamanin azalmasinin ve caligma kosullarindaki iyilesmenin arazi toplulastirmasindan
memnuniyeti onemli 6l¢iide etkiledigini ortaya koymustur.

Arslan ve Degirmenci, (2016) tarafindan Kahramanmaras Tiirkoglu ilgesi ve kdylerinde gerceklestirilen
calismada ciftgilerin arazi toplulagtirma c¢aligmalarina karsi bakis agilarmin tespit edilmesi amaglanmustir.
Calismanin materyalini ¢iftcilerle birebir yapilan anketlerden toplanan veriler olusturmustur. Arastirmanin 6rnek
hacminin belirlenmesinde oransal 6rnek hacmi formiilii kullanilmigtir. Veriler SPSS programinda analiz edilmis,
ciftcilerin yerlesim yerlerinde yeniliklere ve projelere katkida bulunma istekleri belirlenmis ve Oneriler
sunulmustur. Arastirmada rastgele secilen 194 isletme sahibi ile yapilan anket sonuglarina gore; diisiik egitime
(okuryazar degil ve ilkokul mezunu) sahip olanlarin orani %57, ortalama parsel biiytikliigii 51.3 da, arazi pargalilik
durumu 3.27, yiizey sulama yontemlerini kullananlarin oran1 % 92.8, traktdr sahibi olan giftgilerin oran1 % 52.3,
tarla yollarinin tamamen yetersiz oldugunu diigiinenlerin oran1 % 37 oldugu tespit edilmistir. Katilimcilarin %
73’iinlin arazi toplulastirma hakkinda bilgi sahibi olmadigi, % 82’sinin sosyal-kiiltiirel tesislerin yapilmasini
destekledigi belirlenmistir. Ciftgi memnuniyeti lizerine gergeklestirilen bir diger ¢calismada, Canakkale ili Biga
ilcesinde uygulanan arazi toplulastirma g¢alismalart sonucunda ciftcilerin biling seviyeleri ve memnuniyet
diizeyleri belirlenmeye calisilmistir. Calisma sonucunda, uygulama Oncesinde c¢iftcilerin %83 {inlin arazi
toplulastirma konusunda istekliyken, uygulama sonrasinda memnuniyet oraninin %76,6 oldugu tespit edilmistir.
Kahramanoglu ve Dagdelen (2018) tarafindan gergeklestirilen bir diger ¢alismada arazi toplulastirma projeleri
bakimindan ¢ift¢i memnuniyeti incelenmis ve ankete katilan ¢iftcilerin %96 s1 memnun olarak tespit edilirken %4
inliin memnun olmadig1 belirlenmistir.

Yurt dis1 kaynakli caligmalar incelendiginde de arazi toplulagtirmanin tarim ve mekanizasyon agisindan 6nemi
bir kez daha goriilmektedir (Crecente ve ark., 2002; Derlich, 2002; Magel, 2003; Van Dijk, 2003; Thomas, 2004;
Van Dijk, 2007; Sklenicka, 2006). Ornegin, Crecente ve ark., (2002) Ispanya, Galigya'daki arazi toplulastirma
stirecini gdzden gegirerek, bu projelerin ekonomik sosyal ve ¢evresel degerlendirmelerini gergeklestirmislerdir.
Calisma sonucunda arazi toplulastirma projelerinin tarim arazilerinin tarimsal kullanimda kalmasina katkida
bulundugunu ortaya koymuslardir. Bir diger ¢aliymada, Fransa’da ikinci diinya savasindan sonra uygulamaya
baslanan arazi toplulastirma projeleri degerlendirilmis ve en biiyiik problemin bu projelerin gergeklestirilmesinde
ihtiya¢ duyulan finansman oldugu ortaya konmustur (Derlich, 2002). Almanya’da gerceklestirilen bir diger
calismada arazi toplulastirma konusunun sahip oldugu zorluklar sebebiyle politik olarak ¢ok hassas bir konu
oldugu fakat devletin devamlilig1 noktasinda kritik diizeyde 6neme sahip oldugu vurgulanmistir (Magel, 2003).
Van Dijk (2003) tarafindan gergeklestirilen ¢alismada ise Orta Avrupa iilkelerinde tarim arazilerinin ¢ok pargali
oldugu ortaya konarak. Hiikiimetler ve sivil toplum kuruluslarinin, programlar ve araglar hakkinda tartistiklarini,
ancak durumun 6zerk kalkinma yoluyla iyilestirilmesi durumunda, bu genis kapsamli ve maliyetli seceneklerin
gereksiz kalacagini belirtmistir. Almanya 6zelinde gergeklestirilen bir diger caligmada son yirmi yildaki arazi
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toplulastirma faaliyetlerinin istatistiksel bir analiziyle, arazi toplulastirmasinin gercek ilgisi ve ayrica arazi
toplulastirma planlarinin hedeflerindeki degisiklikler ortaya konmustur. 2004 ve sonrasi i¢in “Arazi toplulagtirma
Giindemi” degerlendirilmis ve Avrupa Birligi'nin yap1 iyilestirmesinde arazi toplulastirmasinin benimsenmesi ve
Alman Federasyonu'nun “Tarmmin ve Kiy1 Korumasinin lyilestirilmesi” ortak gorevine iliskin tesvik ilkelerinin
reformu, yeni yontemsel-prosediirel yaklagimlara yol agtig1 ortaya konmustur (Thomas, 2004). Van Dijk (2007)
tarafindan gerceklestirilen bir diger c¢alismada merkez Avrupa’da geleneksel arazi toplulasgtirmasinin
komplikasyonlar1 ortaya konmustur. Washington Mutabakati altindaki post-sosyalist doniisiimiin ayrilmaz bir
parcasi olarak, dnceden devlete ait olan ve/veya kooperatif ¢iftliklerine ait olan araziler 6zellestirilmistir. Birgok
durumda, arazi miilkiyet yapilar1 da dahil olmak {izere, Savas oncesi kosullara "saati geri ¢cevirme" girisimleri
olmustur. Sonug siklikla, bilyiik ekonomik olarak verimli birimlerin, sayisiz kiiciik ve ekonomik olarak zar zor
uygulanabilir 6zel parsellere boliinmesi olmustur. Avrupa Birligi'ne katilimin ardindan, yeniden olusturulmus
koyli dlgegindeki bu yapilar, Birligin tarim politikasi igin biiyiik bir zorluk teskil etmektedir. Komiinist sistemin
belirli miraslari, toprak miilkiyetine belirli degerler, mesruiyet ve kisisel kimlik ve duygusal baglar vermistir.
Bati'da daha 6nce uygulanan basit teknokratik ¢dziimler bu nedenle merkez Avrupa da miimkiin degildir. Sonug
olarak, dezavantajli tarimsal yapilarla miicadele i¢in yeni bigimler ve araclar bulunmasi gerektigi ortaya konmustur.

Cek Cumbhuriyeti’nde gergeklestirilen bir diger ¢alismada arazi toplulastirma projelerinin arazi miilkiyetinin
40 y1l boyunca baski altina alinmasimin neden oldugu zararlar1 ve yanliglar1 gidermek i¢in kullanildig: belirtilmistir.
Toplulastirma oncesi ve sonrasi arazi miilkiyeti ve arsa diizenlemesi degerlendirme kriterlerine odaklanilarak,
toplulastirmanin 6zel kosullar1 ve gesitli sonuglar1 degerlendirilmistir. Calisma sonuglari, baslangic kosullarinin
arazi toplulastirma programlarinin sonuglari iizerinde giiclii bir etkisi oldugunu goéstermistir (Sklenicka, 2006).
Hung (2017), yaptig1 ¢alismada arazi toplulastirmayla isletmelerin makine kullanma oraninin %75.8'den %89.8'e
yiikseldigini ve ortalama maliyetin %10 distiiglinii bildirmistir. Harasimowicz ve ark. (2017) ise
gerceklestirdikleri bir diger ¢alisma sonucunda parsel sayisinin %39.14, parsellere olan uzakligin %32.76,
parsellere ulagim ve tiretim maliyetlerinin %38.62 oraninda diistiigiinii bildirmistir.

Asya’da artan iscilik giderleri ve hiikiimet politikas1 geregi az kaynakla biiyiik parsel boyutlarina ulasip
mekanizasyon kolaylig1 saglamak i¢in ¢alisiimalar yiiriitiilmektedir (Otsuka ve ark., 2013; Yamauchi, 2014). Bu
baglamda isletmelerin pargalanmasi Onlenerek toplulastirma calismasiyla mekanizasyon kolayligi artisi
saglanmaktadir. Bircok Bati Avrupa iilkesi de arazi toplulastirmasi konusunda uzun bir gelenege sahiptir.
Danimarka'da arazi toplulastirma programinin kokleri iki yiiz yildan daha eskiye dayanmaktadir (Hartvigsen,
2005). Arazi toplulagtirmasi, kirsal kalkinmay1 saglamak ve arazi kullanim etkinligini artirmak i¢in standart bir
aractir. Ayrica kirsal alanlarda erozyon kontrolii i¢in ¢ok kullanisl bir aractir (Mihara, 1996).

Yukarida 6zetlenen ¢aligmalardan da anlasilacagi lizere, arazi par¢alanmasinin yol a¢ti§1 sorunlarin giderilmesi
amaciyla birgok lilkede arazi toplulastirma projeleri yiiriitiilmektedir. Bu projelerin iilkelere gore farkli sonuglar
dogurup dogurmadiginin belirlenmesi amaciyla gergeklestirilen bir diger ¢alismada Janus ve Ertung, (2021)
Polonya ve Tiirkiye’de gergeklestirilen arazi toplulastirma c¢alismalarini incelemislerdir. Caligmada yasal ve
sosyokiiltiirel kosullar baglaminda arazi toplulastirma projesinin etkinliginde tespit edilen farkliliklarin
degerlendirilmesi amaglanmigtir. Bu baglamda arazi parcalanmasi, yol ag1 uzama endeksi ve parsel sekli gibi
degiskenler incelenmistir. Arastirma sonuglari, siirecin tarimin gelisimini etkileyen yerel kosullardaki farkliliklar
ve mevzuati dikkate almasi kosuluyla, farkli iilkelerden gelen projelerin etkinligini karsilagtirmanin miimkiin
oldugunu gostermistir.

Arazi toplulastirmanin amaglar ve igerigi farkli iilkelerde farkl olsa da toplulagtirmanin uygulama, {iretim ve
geliri artirabilecegi, c¢evreyi koruyup iyilestirebilecegi ve ciftcilere iyi yasam kosullar1 saglayabilecegi
goriilmektedir. Dolayisiyla arazi toplulastirmasinin kapsamli faydalari, ekonomik, cevresel, sosyal ve peyzaj
faydalarmin toplamidir. Arazi toplulastirmasinin ekonomik faydalari, uygulamanin tilke ekonomisine ve arazi
toplulastirma alanlarindaki ¢iftcilere olan etkileridir. Arazi toplulastirmasinin gevresel faydalari, uygulamanin
dogal ekosistem ve ¢evrenin yapisi ve islevi lizerindeki etkisidir. Arazi toplulastirmasinin sosyal faydalart,
uygulamanin kirsal ¢evre ve sosyal ekonomi tizerindeki etkisi ve dogal kaynaklarin makul kullanimidir. Arazi
toplulastirmasinin peyzaj faydalari, uygulamanin kirsal peyzaj lizerindeki etkileridir denebilir (Zhengfeng ve
Baiming, 2003).

587



Giirgeng Irmakli & Aydin
Arazi Toplulagtirmanin Tarima ve Tarimsal Mekanizasyona Katkisi; Canakkale-Biga-Derekéy Ornegi

Bu calismanin amaci genel anlamda arazi toplulastirmanin tarima ve tarimsal mekanizasyona katkisini
degerlendirmek ve arazi toplulastirma caligmalarinin tarimsal mekanizasyon isletmeciligine olan etkisini; alan,
zaman ve yakit kayb1 yoniinden arastirarak isletmecilik agisindan toplulastirma dncesi ve sonrasi durumu ortaya
koymaktir.

2. Materyal ve Metot
2.1. Materyal

Aragtirma materyali olarak, Canakkale Biga-Derekdy arazi toplulastirma projesinden elde edilen veriler
materyal olarak alinmistir (Seki/ 1). Canakkale ili 25°40'-27°30" dogu boylamlar1 ve 39°27'-40°45' kuzey enlemleri
arasinda olup, 9933 km?’lik bir alani kapsamaktadir. {lin kapsadig1 alanin %53’{i ormanlik alan &zelligindedir.
Kalan diger alanlar, cayir mera ve tarrma elverisli alanlar1 olusturmaktadir. Biga flgesi Canakkale 1li’nin en biiyiik
ilgesidir. lgenin en dnemli gegim kaynagi tarim-hayvancilik ve sanayidir. ilgenin verimli topraklarinda mstr,
bugday, piring, giinebakan, baklagiller ve her tiirlii sebze ve meyve liretimi yapilmaktadir. Derekdy mahallesi
Canakkale Il merkezine 90 km, Biga ilgesine 15 km uzakliktadir. Proje alaninda Marmara iklimi hakimdir.
Caligmada kullanilan veriler Devlet Su Isleri Genel Miidiirliigii, Arazi Toplulastirma ve Tarla Ici Gelistirme
Hizmetleri Dairesi Baskanligi’ndan elde edilmistir. Derekdy arazi toplulastirma Oncesi ve sonrasina ait
parselasyon haritas1 Seki/ 1°de verilmistir.

Al
i
VL5

k’oy.Me’kez; Kdy.Merkezi
Figure 1. Research area subdivision maps
Sekil 1. Arastirma alani parselasyon haritalar

2.2. Metot

Calismada arazi toplulastirma oncesi ve sonrasina ait veriler incelemeye alinmis olup, toplulagtirma dncesi ve
sonrasi parsel sayilar1 ve sekilleri NetCAD ve LiTOP programlarindaki grafiksel veriler sayisallastirilarak analiz
edilmistir.
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2.2.1. Orneklem secimi

Isletme sayisinin fazla olmasi nedeniyle calistlacak olan isletmeler basit tesadiifi 6rnekleme yontemine
gore %10 hata ve %95 giiven araliginda Esitlik 1’e gore belirlenmistir (Newbold, 1995). 20 adet isletme segilmis
ve secilen ornek isletmelere ait alan verileri Tablo 1’de gosterilmistir.

_ NP(1-p)
o (N-1)o2px+p(1—-p)

(Es.1)

n : Ornek isletme sayzs,

N : Popiilasyondaki isletme sayisi,

62 : Popiilasyonu olusturan igletmelerin varyansi,

p : Aranilan 6zelligin rastlanma sikligi (maksimum 6rnek igin 0.5),
px: 1-p gostermektedir.

2.2.2. Yakat tiiketimi

Calisma alaninda en ¢ok musir tiretimi yapildigindan, isletmenin bir liretim déoneminde parsellerine ulasimda
tikettigi yakit, misir iiretiminde yapilan faaliyetlere gore hesaplanmistir. Toplam faaliyet sayisi gidis-doniis
iizerinden hesaplanmistir. Isletmelerin km basina ortalama 0.407 litre yakit harcadigi kabul edilmistir (Polat ve
Manavbasi, 2012). Cahismada Mart 2022 yih yakit tiiketimi mazot verileri incelenmis, Canakkale ili Biga Ilgesi i¢in
23.06 TL/It olarak almmustir. Yakat tiiketimi hesaplanirken ortalama yakat tiiketiminden yola ¢ikilmistir. Motorun
cinsine, arazi kosullarina, yollarin durumuna gore ortalama yakit tiiketimi degisiklik gostermektedir (Anonim, 2018).
Isletmelerin parsellerine ulasimda gegirdikleri zaman hesaplamirken gidis doniiste ortalama hizlarinin 15 km h'!
oldugu kabul edilmistir (Boztoprak ve ark., 2015). Bu deger ¢alisma alanlarinda yaygin olarak kullanilan traktore
gore iiretimdeki katalog bilgilerine gore ve uygulama alanlarindaki ciftcilerin goriisleri esas alinarak ortalama deger
olarak alinmugtir. Tarlalarda ise iiretici goriisleri dikkate almarak yakit kullanim degerleri dekar basina saatlik yakit
tiiketim {izerinden hesaplanmistir. Tarla i¢inde kullanilan ekipmanlarin gesidi, topografya, toprak yapisi, traktorii
kullanan kisinin vites, hiz, manevra yapma gibi aliskanliklari, tarla dis1 yollarda trafik ve yol durumu, bitkisel
iiretimin ¢esidi ve tiretimde izlenen yontem gibi birgok etken traktorlerin yakit tiiketimine etki etmektedir.

2.2.3. Alan-yol uzunlugu uygunlugu (AYU)

Platonova ve ark., (2011)’e gore bu gosterge degerinin bire yaklasmasi isletme agisindan daha kullanish bir
yol oldugunu ifade etmektedir. Tlgili gosterge formiilii Esitlik 2°de verilmistir.

AYU =YU /0.043VPA (Es.2)

AYU: Alan-yol uzunlugu uygunlugu
PA: Parsel alan1 (ha)
YU: Isletme merkezi ile parsel arasi yol uzunlugu (km)

2.2.4. Alan-kus ucusu yol uzunlugu uygunlugu (KUYUU)

AYU gosterge degerinde oldugu gibi bu gosterge degerinin de bire yaklasmasi yol kullanim uygunlugunun
yiikseldigini gostermektedir (Platonova ve ark., 2011). Tlgili formiil Esitlik 3’te verilmistir.

KUYUU = KUYU / 0.038VPA (Es.3)

KUYUU: Alan-kus ucusu yol uzunlugu uygunlugu
PA : Parsel alani (ha)
KUYU : Isletme merkezi ile parsel aras1 kus ugusu yol uzunlugu (km)

2.2.5.Parsel isleme siiresi

Parsel isleme siiresi; parsel biiyiikliigiine, makine i genisligine ve makine ortalama hizina gore degismektedir
(Dinger, 1971). Formiil Esitlik 4’te verilmistir.

Te=BL/10bV (Es.4)
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Te: Parsel isleme siiresi (h)

B : Parsel genisligi (m)

L : Parsel uzunlugu (m)

b : Kullanilan aracin efektif is genisligi (cm)

V : Kullanilan aracin ortalama ¢alisma hizi (km h-1)

Parsel basi doniislerinde harcanan zaman, parsel enine ve kullanilan tarim alet ekipmanlarina bagl olup, parsel
genisligi arttikga kayip artmaktadir (Ayranci, 2004). Formiil Esitlik 5’te verilmistir.

YD = 100aB /60b (Es.5)
YD: Parsel bast doniislerinde zaman kaybi (h)

a : Parsel baslarinda bir doniis i¢in gegen ortalama zaman (dak)
B : Parsel genisligi (m)
b : Kullanilan aracin efektif is genisligi (cm)

2.2.6. Yol zaman kaybi

Toplulastirma 6ncesi ve sonrasi yol uzunluklar1 ve traktdriin hizina bagli kalarak gegen siire esitlik 6 ile
hesaplanmistir (Dinger, 1968).

X=V.t(1.1) (Es.6)
Toplam gecen siire hesaplanirken etki eden tiim etmenler asagida agiklanmistir.

X=isletme merkezi- parsel aras1 mesafe (km)
V= traktoriin hiz1 (m/s)
t = gecen siire (dk)

Proje alaninda en ¢ok misir iiretimi yapildigindan, musir bitkisinin toprak iglemeden hasata kadar olan tarimsal
faaliyetlerinde ciftcilerin parsellerinden kdy merkezine olan evlerine iki siiriim, bir ekim, bir giibreleme, bir
ilaglama, bir hasat ve bir balyalama i¢in olmak {izere toplam yedi gidis ve doniis yapmis olduklar varsayilmistir.
Gidis gelis esnasinda yolun kisalmasina bagl olarak en énemli gider olan mazot tiiketimindeki azalma orani ve
bunun parasal maliyeti hesaplanmistir.

2.2.7. Karbondioksit salinim degeri

Traktorlerden meydana gelen sera gazi salinim miktarlarinin lgiilmesinde genellikle bitkisel tiretimin ¢esidine
bagli olarak, bir iretim donemi boyunca harcanan tarla i¢i ve tarla dis1 olmak {izere toplam yakit miktar1 géz 6niine
alinmaktadir. Karbondioksit salinim degerlerinin hesaplanmasinda, CARB (2008), Koga et al (2003), EPA
(2004)’de belirtilen esitlik ve degerler gbz 6niine alinmistir. Buna gore 1 L dizel yakit igin 2.664 g karbondioksit
salimimi ve 0.7265 g (2.664x0.2727) karbon esdegeri oldugu kabul edilmistir (EPA 2004, CARB 2008).

2.2.8. Istatistiksel degerlendirme

Secilen isletmeler icin ATO ve ATS incelenen degerler arasindaki farkin istatistiksel olarak dnemli olup
olmadigini belirlemek icin t testi (paired-sample t-test) yapilmistir.

3. Arastirma Bulgulan ve Tartisma

Isletmelerin parsel sayilari, parsel biiyiikliikleri ve kdy merkezine olan uzakliklar1 da Tablo I de verilmistir.

Tablo I’dende goriilecegi iizere parsel sayilar1 degerlendirildiginde, ATO 145 olan parcel sayis1 %73.10’luk
bir azalma ile 39 parsele diismiistiir. Yapilan istatistiksel degerlendirme sonucunda bu yiiksek orandaki azalmanin
istatistiksel anlamda 6nemli oldugu tespit edilmistir (P<0.05). Bu azalmayla birlikte parcellerin kdy merkezine
olan toplam uzaklik degerleri ATO 375.868’den ATS 96.315 diismiis olup %74.38’lik bir azalma saglanmistir.
K&y merkezine olan toplam uzaklik bakimindan ATO ve ATS degerleri arasindaki fark istatistiksel olarak dnemli
bulunmustur (P<0.05). Ortalama parsel biiyiikliikleri bakimindan yapilan degerlendirme sonucunda da
ATS %414°liik bir parsel biiyiikliigiine ulasildig: tespit edilmistir.
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Tablo 1. Isletmelerin parsel sayisi, parsel biiyiikliigii ve koy merkezine uzakhklart
Table 1. Number of parcels, parcel size and distance from the village center of the enterprises
Parsel Sayisi (Adet)  Ortalama Parsel Biiyiikligii Koy Merkezine Toplam Uzaklik

(da) (km)

Say1  Isletmeler ATO ATS ATO ATS ATO ATS
1 A 13 4 2883 7852 35.7 8.3
2 B 3 1 4467 15441 124 3.5
3 C 8 1 2825 18851 25.6 3.8
4 D 5 1 3343 17042 10.4 2.1
5 E 3 1 3533 10776 5.6 1.5
6 F 18 7 2267 6840 304 12.7
7 G 10 3 2371 8078 16.7 8.1
8 H 4 1 3175 11813 13.6 34
9 I 8 2 4303 16514 29.9 3.9
10 J 4 1 1713 10602 8.5 1.9
11 K 7 3 3061 5697 15.6 6.8
12 L 5 1 2041 9491 19.5 43
13 M 10 3 2974 9221 21.9 6.6
14 N 6 1 4222 23563 20.6 3.8
15 (0] 7 1 3165 20933 24.1 4.1
16 P 4 1 2506 10446 9.2 2.0
17 R 5 1 4220 19813 18.8 3.6
18 S 3 1 3900 10977 6.9 2.0
19 T 10 3 2645 8003 24.7 9.3

20 U 12 2 2391 14455 254 3.8
Toplam 145 39 62005 256408 375.868 96.315
Azalma %73.10 %414 %74.38
Orant

ATO: Arazi Toplulastirma Oncesi, ATS: Arazi Toplulastirma Sonrasi

Figure 2. View of old and new parcels of enterprise C
Sekil 2. C isletmesinin eski parsellerinin ve yeni parselinin gériiniimii

Sekil 2°degoriinen C isletmesinin toplulastirma 6ncesinde kiigiik, sekilsiz ve yola cephesi olmayan toplam 8
parselinin, toplulastirma projesiyle 1 parsele diistiigii ve dikdortgen sekilde yola cepheli oldugu goriilmektedir.
Arazi toplulastirma 6ncesinde incelenen 20 isletmeye ait olan 145 parselin 94 adedi yola cephesiz 51 adedi ise
cepheli iken, toplulagtirma sonrasi parsel sayis1 145°ten 39’a diismiis ve tiim parseller yola cepheli hale getirilmistir.
(Sekil 3) (Tablo 2).
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Figure 3. A section from the project area; ATO and ATS road front situations
Sekil 3. Proje alanindan bir kesit; ATO ve ATS yola cephe durumlari

Tablo 2. Proje Oncesi ve Sonrasinda Yola Cephe Durumu
Table 2. Road Front Situation Before and Afier the Project

Proje Oncesi Proje Sonrasi
Durumu Parsel adedi Kapladigi Alan Parsel adedi Kapladigi Alan
(da) (da)
Yola Cepheli Parsel 51 166989 39 413974
Yola Cephesiz Parsel 94 259106 0
Toplam 145 426095 39 413974

Tablo 3. Eski ve Yeni durumda parsel sekilleri
Table 3. Parcel shapes in old and new condition

Toplulastirma Oncesi ~ Toplulastirma Sonrasi

Parsel Sekli (Adet) (Adet)
Dikdortgen 82 9
Yamuk 38 23
Kare 21 7
Uggen 4
Toplam 145 39

Parsel seklinin kare, dikdortgen gibi diizgiin sekilli veya sekilsiz olmas: faaliyet siiresini etkilemektedir. Proje
alaninda belirlenen 20 isletmeye ait 145 parsel, toplulagtirma projesinin tamamlanmasiyla 39’a diismiis olup %73.10
oraninda bir azalma basarisi elde edilmistir. Yine proje dncesinde belirlenen 20 igletmeye ait olan sekilsiz, yamuk ve
islemesi zor olan parsellerin orani %71 iken, tamamlanan proje ile bu oran %41’ e diismistiir (Tablo 3). Tablo 3’te
gosterilen parsel sekillerine ait degerlerdeki yiiksek degisimlerin istatistiksel olarak 6nemli diizeyde bulundugu tespit
edilmistir (P<0.05).

3.1. Toplulastirma Sonrasi Yol, Zaman ve Yakit Tiiketiminin Degerlendirilmesi

Tarim alanlarimizdan yiiksek verim almak i¢in {iretilen ¢ozlimlerden biri tarimsal mekanizasyon kullanimimi
arttirmak ve 6nemli bir gider olan yakit tasarrufunu saglamak ana amagtir. Calisma alanindan secilen 20 isletmeden
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koy merkezine 1 sefer gidis doniis mesafesi toplam 559.1 km azalmustir. Azalan yolla birlikte 69.9 saatte zamandan
tasarruf saglanmustir.1 sefer gidis doniiste tasarruf edilen yol ve zamanla azalmayla birlikte yakittan da 227.6 It azalma
olmustur (Tablo 4). Ayten ve Cay (2017), drnek bir isletmenin benzer sekilde parsellerine gidis doniiste yillik yaklasik
35 saat harcarken AT ile artik 6 saat harcadigini bildirmistir.

Tablo 4. Tasarruf Edilen Yol, Zaman ve Yakit Tiiketimi
Table 4. Saved Path, Time and Fuel Consumption

Say1 Isletmeler Tasarruf Edilen  Tasarruf Edilen Tasarruf Edilen ~ Ekimden Hasada Kadar

Mesafe Gidis- Zaman (z) Yakit Tiiketimi ~ Tasarruf Edilen Toplam Yakit
Gelis (km) (L, km-1) Tiiketimi (L,Km-1)
1 A 54.8 6.9 22.3 156.1
2 B 17.8 2.2 7.2 50.7
3 C 43.5 5.4 17.7 123.9
4 D 16.7 2.1 6.8 47.6
5 E 8.2 1.0 3.3 234
6 F 352 4.4 14.3 100.3
7 G 17.3 2.2 7.0 49.3
8 H 20.2 2.5 8.2 57.5
9 J 52.1 6.5 21.2 148.4
10 I 13.2 1.7 5.4 37.6
11 K 17.7 2.2 7.2 50.4
12 L 30.2 3.8 12.3 86.0
13 M 30.5 3.8 124 86.9
14 N 335 4.2 13.6 95.4
15 0O 40.2 5.0 16.4 114.5
16 P 14.4 1.8 5.9 41.0
17 R 30.5 3.8 124 86.9
18 S 8.2 1.0 3.3 234
19 T 30.8 3.9 12.5 87.7
20 U 43.2 5.4 17.6 123.1
Toplam 559.1 69.9 227.6 1592.9

Calisma alaninda en ¢ok musir {iretimi yapildigimdan, musir ekiminden hasat zamanma kadar 7 sefer gidip gelindigi
dikkate alindiginda toplam 1592.9 litre mazottan fayda saglanmistir. 2022 yilinda Canakkale Biga’da 23.06 tl/litre
fiyat1 olan mazotla hesap yapildiginda sadece bir iiriin ekiminden hasadina kadar olan siirecte 36.732 tl kar saglanmustir.
Yérenin iklim ve toprak sartlartyla dnemde iki hasatta yapilabilmektedir. Tki hasat aldig1 éngoriildiigiinde giftgilerin
kart ikiye katlanmustir. Ayten ve Cay (2017), 6rnek bir isletmenin parsellerine gidis geliste harcadig yillik yakitin AT
sayesinde 151 litreden 30 litreye diistiigiinii ifade etmistir. Kuzu ve ark. (2018) toplulastirma sayesinde yol uzunluklar
diistiigii icin ortalama yakit tiiketiminde yaklasik %16 tasarruf edildigini bildirmistir.

Arazi toplulastirma dncesi ve sonrasina ait hesaplanmis olan AYU ve KUYUU degerleri Tablo 5’te verilmistir.
Platonova ve ark. (2011), AYU ve KUYUU degerlerinin 1 olmasinim isletme yol uygunlugu bakimindan en iyi deger
olacagm belirtmislerdir. Diger bir ifade ile AYU ve KUYUU degerlerinin bire yakin olmast ilgili isletmenin yol ag:
degerlendirmesinde oldukga iyi bir konumda oldugunu gostermektedir. Alan Yol Uzunlugu Uygunlugu ve Kus Ugusu
Yol Uzunlugu Uygunlugu degerlerinin birbirine yakin olmasi ise yol ag1 degerlendirmesinde ilgili isletmemin yeterli
bir konumda oldugunu gostermektedir.

Tablo 5 incelendiginde toplulastirma Oncesi E isletmesinin 6.93 AYU degeri ile yol uygunlugu bakimindan en iyi
durumda oldugu, A isletmesinin ise 48.90 AYU degeri ile en kotii durumda oldugu goriilmektedir. Arazi toplulastirma oncesi
AYU ve KUYUU degerlerinin birbirine en yakin oldugu isletme 0,01 fark degeri ile D igletmesi olarak belirlenmistir.
Toplulastirma sonrast AYU ve KUYUU gostergeleri degerlendirildiginde ise, yol uygunlugu bakimindan en iyi isletme 1.06
AYU degeri ile yine E isletmesi olurken, en kotii durumda olan isletme degismis ve 11.29 AYU degeri ile F isletmesi
olmustur. Ayrica toplulastirma sonrast AYU ve KUYUU degerlerinin birbirine en yakin oldugu isletme 0.01 fark ile I
isletmesi olarak tespit edilmistir. Ayrica, AYU ve KUY UU gostergelerinin arazi toplulastirma 6ncesi ve sonrasi degerleri
arasindaki fark istatistiksel olarak 6nemli bulunmustur (P<0.05).

Arazi toplulastirma sonrasinda AYU ve KUYUU degerlerinin genel anlamda diisiis gosterdigi ve birbirine daha
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yakin oldugu tespit edilmistir. Literatiirde, benzer sonuglara sahip olan ve mevcut bulgular destekleyen birgok
calisma yer almaktadir (ilhan ve Erpul, 2015; Kuzu ve ark., 2018; Bayram ve Degirmenci, 2018). Ornegin,
Degirmenci ve ark. (2017), benzer sonuglar bulmus ve AYU ile KUYUU gostergeleri arasinda pozitif bir iliski

oldugunu belirtmislerdir. Yine Kuzu ve Degirmenci (2020) tarafindan gergeklestirilen ve mevcut ¢alisma sonuglarmimn
desteklendigi bir diger calismada arazi toplulastirma projelerinin tarimsal mekanizasyon igletmeciligine etkisi arastirilmis ve
secilen isletmelerde AT dncesine gore AYU ve KUYUU degerleri sirastyla ortalama %43 ve %37 azaldig bildirilmistir. Yol
uzunluklar kisaldigindan yakit tiikketiminin ortalama %50, toplam {iretim siiresinin ise %36 azaldigini belirtmislerdir.

Mevcut ¢aligma sonuglarmin desteklendigi bir diger ¢aligma ise Polat ve Manavbasi (2012) tarafindan gergeklestirilmistir.
Aragtirma sonucunda arazi toplulastirmasi yapilan alanlardan segilen igletmelerde ¢iftgilerin giinliik olarak igletme merkezi —
tarla parseli arasindaki gidis-doniis yol uzunluklarinda ortalama 26.68 km kisalma oldugu hesaplanmistir. Yol
uzunluklarindaki kisalmanin yakit tiiketimini ortalama 10.86 L diisiirdiigii belirlenmistir. AYU ve KUY UU gostergeleri genel
olarak degerlendirildiginde, arazi toplulagtirma ile isletmelerin daha 1iyi bir isletim uygunlugu kazandig1, mevcut yol agi
uygunlugunun arttirlldig1 ifade edilebilir.

Tablo 5. Arazi Toplulastirma Oncesi ve Arazi Toplulastirma Sonrasi AYU ve KUYUU Degerleri
Table 5. AYU and KUYUU Values Before and After Land Consolidation

. AYUU KUYUU

Sayi  lsletmeler 7y ATS ATO ATS
1 A 48.90 6.89 36.11 7.04
2 B 13.64 2.07 9.46 1.67
3 C 35.42 2.04 29.44 1.52
4 D 13.23 1.18 13.24 1.27
S E 6.93 1.06 8.82 1.12
6 F 46.95 11.29 42.30 8.45
7 G 25.22 6.63 18.97 4.81
8 H 17.75 2.30 12.85 1.30
9 J 33.52 2.23 18.90 1.23
10 I 15.10 1.36 13.87 1.37
11 K 20.74 6.63 15.49 5.51
12 L 31.74 3.25 23.03 2.73
13 M 29.53 5.05 32.05 5.46
14 N 23.32 1.82 21.00 1.52
15 o 31.50 2.08 32.25 0.98
16 P 13.52 1.44 12.47 1.06
17 R 21.28 1.88 18.57 1.71
18 S 8.13 1.40 7.33 1.51
19 T 35.32 7.65 23.95 4.00
20 U 38.20 2.32 31.31 1.94

Isgiicii ve zaman giderlerinin azaltilmasi i¢in ve modemn tarim faaliyetlerinin uygulayabilmek igin tarmmsal
mekanizasyonundan iiretim alaninda kullanilmas1 6nemlidir. Tarimsal mekanizasyon tiretimin devamlilig1 ve ekonomikligini
saglams1 agisindan tamamlayici unsurdur. (Isik. 1988). Ozellikle gelismis iilkelerde tarrmsal mekanizasyon en onemli enerji
girdisidir. Tarimsal isletmelerde traktér mekanizasyon igin 6nemli bir aragtir. Bircok tarimsal igletmede toplam giderler
icerisinde tarim makinalarina ait sabit gider yiikii %30-40 dolayindadir (Stimer ve ark.. 2008). Tarim alanlarimizda
mekanizasyon verim artigina olumlu etkisiyle is verimini arttirmas. Uriin kayiplarim azaltmas: ciftcilerin sosyo ekonomik
olarak gelismesini saglamasiyla modern tarimin igin dnemli bir unsurudur (Kasap ve ark.. 1997).

iklim kosullarina bagimlilig1 azaltmak ve birim alandan daha fazla verim alabilmek igin tarimsal mekanizasyon
onemli bir faktdrdiir. Ulkeler igin tarimsal mekanizasyon kullamimi ve siirekliligi sosyo ekonomik ve kalkinma
gostergesi olarak kullanildig1 arastirmalar sonucunda tespit edilmistir. Ozellikle hizla artan niifusa karsihik
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arttirilamayan tarim alanlarindan daha yiiksek verim alabilmek icin ileri teknolojilerden faydalanmak tek secenek
olarak goriilmektedir (Baran ve Akbayrak. 2013).

3.2. Toplulastirma Sonrast Toprak Isleme Siiresinin ve Siiriim Giderinin Degerlendirilmesi

Segilen isletmelerin arazi toplulastirma ncesi ve arazi toplulastirma sonrasina ait toprak ileme siizesi ve siirim
giderleri Tablo 6’da verilmistir. Her bir isletmelerin arazi toplulastirma dncesinde toplam toprak isleme igin 10.84 saat
zaman harcarken toplulastirma sonrasinda bu siire 6.09 saate diismiistiir ve %43.82 azalma olmustur. Isletmelerin
stirim gideri de toplulastirma oncesinde 2665.70 tl iken toplulastirma sonrasinda 680.46 tl azalmistir ve %74.47
tasarruf saglanmustir. Stirim giderleri siirekli artan mazot giderleri diisiiniildiigiinde her sene kar artarak devam
etmektedir. Boyacioglu (1975) parsel alanlari esit olan parsellerde isleme siiresinin parsel sekilsizlestikge arttigni. en
uygun parsel seklinin ise dikdortgen oldugunu belirtmistir.

Tablo 6. Toprak Isleme Siiresi ve Siiriim Gideri
Table 6. Tillage Time and Plowing Expense

Say1 Isletmeler — Toprak Isleme Siiresi (z ) Stirlim Giderleri ( tl)

ATO ATS ATO ATS

1 A 15.49 6.85 253.47 58.93
2 B 5.49 3.20 88.40 24.85
3 C 10.52 3.68 182.12 27.34
4 D 5.38 2.99 74.20 14.91
5 E 3.13 1.96 40.12 10.93
6 F 14.52 10.49 215.84 90.53
7 G 8.17 5.74 118.93 57.16
8 H 5.70 2.67 96.56 24.50
9 J 13.46 5.83 212.29 27.69
10 I 12.10 2.07 60.71 13.85
11 K 7.48 4.38 111.47 48.28
12 L 7.02 2.59 138.45 30.89
13 M 10.39 5.84 155.49 46.86
14 N 9.47 4.45 146.62 27.34
15 o 10.02 4.14 171.47 28.76
16 P 4.00 2.05 65.32 14.20
17 R 8.45 3.86 133.84 25.56
18 S 3.38 2.14 43.67 14.56
19 T 10.84 6.09 175.73 66.03
20 U 11.39 5.23 181.05 27.34
Toplam 176.40 86.26 2665.70 680.46

Gergeklestirilmis olan bu 6zgiin arastirma ¢alismasi ile benzer sonuglari ortaya koyan bir diger calismada
Vietnam’da piring tiretimi yapilan alanlarda tamamlanan toplulastirma ¢alismasinin hem iiretimi artirdig1. artan
iiretimle mekanizasyona tesvikin arttigi. i giicii ve emegin azaldigi tespit edilmis ve arazi toplulastirma
calismalarinin yapilmasi gerektigi sonucuna varilmistir (Nguyen ve Warr. 2020).

Keikha ve Keikha (2012) tarafindan gergeklestirilen ve sonuclari itibariyle mevcut arastirma caligmasi ile
biiyiik benzerlikler iceren caligmada, arazi toplulastirmasinin parga sayisinin azalmasina, doniimiin artmasina,
arazi degerlerinin artmasina, su tiikketiminin azalmasina, tarim makinelerinin kullaniminin artmasina, tarim iiriinleri
ve mnihayetinde cgiftgilerin gelirlerinin artmasma Onemli katkilar yaptigi belirlenmistir. Dolayisiyla arazi
toplulastirmasi ile tarimsal mekanizasyon arasinda dogrudan bir iligski oldugu ortaya konmustur.

4. Sonug¢

Uretim alanlarimizi daha etkin kullanmak icin toplulastirma ¢alismalar1 son yillarda hiz kazanarak devam
etmektedir. Ulkemizde 8.42 ha alanda toplulastirma caligmalari yapilmakta olup bunun 5.12 milyon ha
tamamlanmistir 3.30 milyon ha alanda caligmalar devam etmektedir (Anonim. 2022).

Toplulastirma oranlar1 yiiksek olmasiyla mekanizasyon igin daha uygun hale geldiginden islenmesi
kolaylasmustir. Ayrica parsel sinir uzunluklar sekilsiz parsellerde arttigi icin sekilsiz parsellerin azalmasi ile sinir
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alan kayiplar1 azalmgtir. Secilen isletmelerde AT ile sinir alan kayiplari azalmistir. Buna gore isletme parsellerinde
kullanilabilir alan artacagindan dolayi tiretim miktar1 ve isletme geliri de artmstir.

Her parselin yola cephesinin olmasiyla isletmelerin parsellerine ulagimi kolaylagmis ve isletme giderlerinde
onemli bir yer tutan yakit tiiketimi de diigmiistiir. Yakat tiiketiminin diigsmesi ile yakit giderlerinin azalmasinin
yaninda ¢evreye zararli emisyonlar da azalmstir.

Isletmeler icin zaman ¢ok 6nemli oldugundan yasanacak zaman kayiplari isletmeler icin 6nemli gelir
kayiplarma yol agabilir. Se¢ilen isletmelerde toplulastirma sayesinde bir tiretim donemi boyunca iiretim i¢in gecen
toplam zaman azalmistir. Ayrica tiim parsellerin yola cepheli hale gelmesi ile sinir ihlallerinden kaynaklanan
isletmeler arasindaki huzursuzluklar azalmistir.

Hesaplanan gostergeler 15181inda; zaman, yakit tiiketimi ve yol bakimindan isletmelerin 6nemli kazanimlar elde
ettigi ¢alisma sonucundaki bulgular ile desteklendiginden arazi toplulastirma projelerinin bu yoniiyle tilkemiz igin
oldukg¢a dnemli oldugu ve bu projelerin artirilmasi gerektigi diistiniilmekle birlikte daha kesin bir yargiya ulagsmak
icin ileriki ¢aligmalarda giibre, bakim ve ilag gibi diger girdilerinde dikkate alinmas1 gerektigi sonucuna varilmistir.

Tesekkiir

Bu arastirmada kullanilan veriler, Pinar GURGENC IRMAKLI tarafindan Arda AYDIN danismanliginda
gerceklestirilen yiiksek lisans caligmasinin bir boliimiinii olusturmaktadir.
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The Prediction of Brody, Logistik and Von Bertalanffy Models By Using The Bayesian
Approach for Modeling The Growth Curves in Holstein Calves

Siyah Alaca Irki Buzagilarda Biiylime Egrisinin Modellenmesinde Kullanilan Brody, Logistik
ve Von Bertalanffy Modellerinin Bayesci Yaklagim ile Tahmini

Ozge KOZAKLI'', Mubeen Ul HASAN? Ayhan CEYHAN?

Abstract

In cattle breeding, growth curves are used for determining the most appropriate slaughter age, obtaining
information about the general health status of animals, estimating the age of sexual maturity and the age of use in
breeding, and selection studies. The aim of this study is to estimate the growth curves of Holstein calves using the
Bayesian Approach of Brody, Logistik, and Von Bertalanffy models. The live weight data was collected from 34
Holstein calves raised at the cattle research farm of Nigde Omer Halisdemir University, Ayhan Sahenk
Agricultural Research and Application Center in 2019. Furthermore, for estimating the frequency modeling of the
Holstein breed the predicted parameter values and standard deviation of parameters were used as the prior
information. The Bayesian approach was used for making the statistical analysis. Monte Carlo Method Markov
Chains (MCMC) algorithms were used to estimate the posterior distributions and it was 900,000 in total while
excluding the 8000 burn-up periods. Random distribution graphs and autocorrelation graphs were used to control
the iterations for the detection of posterior distributions. In this study, no problems arising from iteration were
found. Moreover, the distribution information of the Brody, Logistic, and Von Bertalanffy model was calculated
for the results. The Brody, Logistik and Von Bertalanffy model parameters distributions results can be used for
modeling studies of the Holstein cattle breed. In addition, the compatibility of Brody, Logistik and Von Bertalanffy
models was investigated by using data set, mean information of the posterior distributions estimated at the end of
the study. The information for Brody, Logistik, and Von Bertalanffy model parameters was calculated, and the
results of the posterior distributions showed the Deviation Information Criteria (DIC) values. For the comparison
between the three models DIC values were calculated as 55.19, 33.17 and 38.02, respectively, and it was decided
that the most compatible model was the Bayesian Logistics Model. The Bayesian Logistic Model, which is decided
to be the most compatible, is a study-specific result.

Keywords: Bayesian approach, Calve, Cattle, Growth curves, Live weight, Non-linear model
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Oz

Sigir yetistiriciliginde en uygun kesim yasinin belirlenmesi, hayvanlarin genel saglik durumu hakkinda bilgi
edinilmesi, eseysel olgunluk yasmin belirlenmesi, damizlikta kullanma yasmin belirlenmesi ve seleksiyon
uygulamalar gibi konularda biityliime egrileri kullanilmaktadir. Bu ¢alismanin amaci Siyah Alaca irki buzagilarin
biiylime egrilerinin modellenmesinde siklikla kullanilan Brody, Logistik ve Von Bertalanffy modellerinin Bayes
Yaklagimi ile tahmin edilmesidir. Calismada Nigde Omer Halisdemir Universitesi, Ayhan Sahenk Tarimsal
Aragstirma ve Uygulama Arastirma Merkezi Biiyiikbas Hayvan Yetistirme Birimi’nde 2019 yilinda yetistirilen 34
bas Siyah Alaca buzagilara ait canli agirlik verileri kullanilmistir. Bayes Yaklagimi ile yapilan tahminleme
caligmasinda literatiirde Siyah Alaca 1rki i¢in yapilan Frekansci yaklagim modelleme ¢alismalarinda tahmin edilen
parametre degerlerinden ve parametrelere ait standart sapmalardan 6nsel bilgi olarak yararlanilmistir. Sonsal
dagilimlarin tahmininde, Monte Carlo Yontemi Markov Zincirleri (MCMZ) algoritmalari i¢in zincir uzunlugu,
8000 yanma periyodu harig, toplam 900 000 olarak belirlenmistir. Sonsal dagilimlarin tespiti i¢in gergeklestirilen
iterasyonlarm kontroliinde rassal dagilim grafikleri ve otokorelasyon grafikleri kullanilmistir. Calismada
iterasyondan kaynakli herhangi bir probleme rastlanmamustir. Calisma sonucunda Brody, Logistik ve Von
Bertalanffy model parametrelerine ait dagilim bilgileri tahmin edilmistir. Brody, Logistik ve Von Bertalanffy
model parametrelerine ait bilgiler Siyah Alaca sigir irkina ait yapilacak modelleme ¢alismalart i¢in kullanilabilir
sonuglardir. Ayrica ¢alisma sonucunda tahmin edilen sonsal dagilimlarin ortalama bilgilerinin kullanilmasi ile elde
edilen Brody, Logistik ve Von Bertalanffy modellerinin ¢caligmada kullanilan veri seti ile uyumlar1 arastirilmistir.
Ug model arasindaki kiyaslama igin Sapma Bilgi Kriteri (DIC) degerleri sirasiyla 55.19, 33.17 ve 38.02 olarak
hesaplanirken uyumlu modelin Bayesci Logistik Modeli olduguna karar verilmistir. En uyumlu olduguna karar
verilen Bayesci Logistik Modeli ¢alismaya 6zgii bir sonugtur.

Anahtar Kelimeler: Bayesci yaklagim, Buzagi, Biiylime egrileri, Canl1 agirlik, Dogrusal olmayan model, Sigir
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1. Introduction

Holstein cattle breed is the most farmed cattle breed around the globe. It is originated in Netherland and its
name Friesian is given due to its origin in the Frisia region Netherland. The leading countries for Holstein breeding
include the USA, Germany, Netherland, England, and Canada (Ozhan, 1991; Géven, 2019). Live weight change
per unit time is considered the most important trait in cattle husbandry (Bayram and Akbulut, 2009). The increase
in the live weight of the animal is called growth (Akbas et al., 1999). Growth trait depends upon the genetic
potential in the genome of the animal and its interaction with the environment in which it is raised (Akbas, 1995;
Goven, 2019).

The changes occurring in the animal growth during its lifespan are described using the mathematical growth
curves (Kocabas et al., 1997; Bayram and Akbulut, 2009). Models that explain the biological information through
growth curves and their parameters are known as growth functions or growth models (Akbulut et al., 2004). The
most preferred growth curve models for the Holstein cattle breed in the literature are Richards, Brody, Gompertz,
Logistics, and Von Bertalanffy models, which were estimated by the frequency approach prediction methods
(Wada et al., 1983; Nadarajah et al., 1984; Perotto et al., 1992; Koenen and Groen, 1996; Akbas et al., 2001;
Bayram et al. 2004; Bayram and Akbulut, 2009; G6ven, 2019). The point value prediction is done using the model
parameters from the available data sets through the frequency approach. In the study published in recent years, the
growth curve models in Rabbits (Blasco et al., 2003), Hani Fish, (Alos et al., 2010); Japanese quail (Firat et al.,
2016; Lazaro et al., 2017; Mohammadi et al., 2019) and sheep (Hojjati ve Hossein-Zadeh, 2018; Salles et al., 2020)
are predicted by using Bayesian approach.

In the present study, the posterior distribution information of Brody, Logistik, and Bertalanffy model
parameters with the Bayesian Approach was investigated by using the current live weight data and the predicted
growth model data based on the literature. The aim of the study is to use priory information data obtained by
Bayseian approach of parameter estimation to get more generalized results by going beyond the likelihood function
knowledge.

2. Material and Method

The animal material in this study consists of 13 female and 21 male Holstein calves having different birth dates
in the year 2019 in Ayhan Sahenk Agricultural Research and Application Research Center of Cattle Breeding Unit.
Their body weight information was determined by taking measurements of animals every two weeks. The recorded
age difference present due to different birth dates was eliminated by using the interpolation method (Akin, 1998),
and the average live weight data of the first 16 weeks of 34 calve was used. Three nonlinear models were used for
bodyweight modeling: Brody, Logistic, and Von Bertalanffy models. A growth model for a single experimental
unit was assumed as:

v = f(t,6) +¢, j=12,..,n (Eq.1)

Where y; is the observed weight, f (tj, 6) is the model-specific function, 6 is the unknown parameter vector,
n is the total number of observations, and ¢; is the random independent error term. f (tj, 0) are functions for
growth models used in the study

Brody fi(t,0,) = A(1 — B exp(—Kt)) (Eq.2)
Logistic f2(t:,6,) = A/(1 + B exp(—Kt)) (Eq.3)
Von Bertalanffy f;3(t;,05) = A(1 — B exp(—Kt))3 (Eq.4)

Where y represents body weight at age t (day), A represents asymptotic weight, which is interpreted as mature
weight, and B indicates the proportion of the asymptotic mature weight to be gained after birth, established by the
initial values of W (weight) and t. K is a function of the ratio of maximum growth rate to mature weight, normally
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referred to as maturing rate. Large K values indicate early maturing animals and vice versa (Soysal et al., 2001;
Aggrey, 2002; Kizilkaya et al., 2006; Y1ldiz et al., 2009).

Two basic functions are required for the Bayesian Approach, which is used for the estimation of model
parameters (Egrioglu, 2002). The first is the likelihood function and the second is the prior distribution information.
(Eq.5)

n

1 1 2

L\, t,0%) = —m—exp —FZ{J’J' _fk(tjrek)}
(2m)2o™ o=

The likelihood function for growth models t = {t',j =12,.. ,n}, y = {y]-,j =1,2,.., n} and k=1.2.

While determining the prior distribution information of the parameters, the information on the parameters is
presented in Table 1 for the Brody, Logistic and Von Bertalanffy models’ estimation the Frequency Method in
Holstein breed was used. The prior distribution information used is presented in Table 1.

Table 1. Parameter information of some modeling studies on Holstein cattle and prior distribution
information used in the current study

Brody Logistics Von Bertalanffy
References

A B K A B K A B K
Wada et al. (1983) 456 0.09 432 0.22 450 0.10
Nadarajah et. al.
(1984) 491 0.92 0.07
Koenen and Groen
(1996) 667 0.59 0.00
Perotto et al.
(1992) 525.57 6.33 0.01
Akbas et al. (2001) 478 0.05 437 5.89 0.14 454 0.561 0.08
Bayram and 508 0.94 0.04 452 558 0.2 471 055  0.08
Akbulut (2009) ’ ’ ’ ’ ’ ’
Mean 483.25 0.92 0.06 461.64 5.93 0.09 510.50 0.56 0.05
Variance 360.690 0.00 0.00 1416.51 0.095 0.003 8226.250 0.000 0.001

*N(483;  *N(0.93; *N(0.6; *N(462; *N(6; *N(0.09; *N(510;  *N(0.6; *N(0.05;

pror Distribui
rior Distribution 361) 0.1) 0.1) 10000) 0.1)  0.1) 10000)  0.1) 0.1)

For the standard distributions of the models, the prior distribution is taken as gamma (0.01, scale=0.01). *Normal
Distribution (Mean; Variance)

The mean and variance information given in 7Table 1, was used as a priori distribution for Bayesian approach
analysis. While the mean information is used directly, 10,000 for variance information over 1000 and 0.1 for values
less than 0.01 are preferred.

After the mathematical multiplication of the probability functions obtained with the prior determining
distributions, the MCMC procedure of the SAS 9.4 program was used to obtain the posterior distributions of the
parameters separately (SAS Institute, 2005). The MCMC iteration length used in the prediction of posterior
distributions was determined as 908000 and the warming period length as 8000.

The Deviation Information Criterion (DIC), which is frequently used to decide on the best fit model for the
modeling studies based on the Bayesian method, will be used (Forni et al., 2009; Firat et al., 2016; Pooley and
Marion, 2018).

DIC = 2D — D(6,) (Eq.6)
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where, D = =2 [1og[p(y|6:)p(Bkly)] d6y, D(O;) = —2log[p(velbi)], t={t; =12, ..,n}, y={y,j=
1,2, .., n}, k=1,2 and, y, is the observed weight, 8, is the unknown parameter.

In model comparison, the smaller DIC model fits better to the data set (Spiegelhalter et al., 2002; Forni et al.,
2009). In practical applications of DIC, Spiegelhalter et al. (2002) stated that just reporting the model with the
lowest DIC could be misleading if the difference in DIC is small, for example less than 5, and the models make
very different inferences. DIC gives a clear conclusion to support the null hypothesis or the alternative hypothesis
similar to the Bayes factor, BIC, and AIC (Firat et al., 2016).

3. Results and Discussion

In this study, descriptive statistics of the live weight of 13 female and 21 male Holstein calves were given in
Table 2. The posterior distributions of the Brody, Logistic, and Von Bertalanffy model parameters were estimated
by the MCMC method using the average of body weights, and a priori distribution information is given in Table
2. The posterior distribution, MCMC iteration, and correlation graphs of the parameters are presented in Figure I
for the Brody model, Figure 2 for the Logistic model, and Figure 3 for the Von Bertalanffy model.

Table 2. Adjusted live weights of calves (n=34)

Live Total = =
. td.

Weight Mean Deviation

LWI 37.00 4.570 12.40
LW14 42.60 4.150 9.70
LW 28 47.60 5.340 11.20
LW42 56.50 5.910 10.50
LW56 66.50 7.900 11.90
LW70 77.90 8.490 10.90
LW84 90.30 10.260 11.40
LWO98 102.50 10.990 10.70
LWI112 112.70 12.310 10.90

LW: Live wight, CV: coefficients of variation
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Figure 1. Posterior distribution, MCMC iteration, and autocorrelation plots of Brody model parameters
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Figure 2. Posterior distribution, MCMC iteration and autocorrelation plots of Logistic model parameters
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The fact that the iteration graph of the MCMC method in Figures 1, 2, and 3 has a random pattern and that no
significant correlation is observed in the correlation graphs indicates that the predicted posterior distributions are valid.
Descriptive statistics of model parameters are as given in Table 3.

Table 3. Descriptive statistics of Bayesian model parameters

Model Parameter Mean SD % 95 HPD interval
Lower Upper
Brody A 482.90 19.130 446 520.500
B 0.94 0.007 0.938 0.952
K 0.002 0.001 0.001 0.002
& 24.85 19.780 5.667 57.859
Logistic A 248.20 12.834 222.600 272.700
B 6.10 0.302 5.524 6.701
K 0.01 0.001 0.014 0.016
& 2.19 1.756 0.458 5.106
Von Bertalanffy A 544.80 89.998 376.200 725.000
B 0.60 0.022 0.563 0.648
K 0.004 0.000 0.003 0.004
& 6.01 4.830 1.133 14.113

The Brody model parameters for Holstein cattle breed with Frequency estimation methods, mature body weight
(A) was reported as 456 kg (Wada et al., 1983), 491 kg (Nadarajah et al., 1984), 476 kg (Akbas et al., 2001) and
508 kg in these reports (Bayram and Akbulut, 2009). The mean values of estimated mature body weights calculated
in our study were 482.9 kg for the Brody model which was in cohesion with the reports mentioned above.

Furthermore, the logistic model parameters value estimation with Frequency estimation methods, mature body
weight (A) was 432 kg (Wada et al., 1983), 525.6 kg (Perotto et al., 1984), 437 kg (Akbas et al., 2001), and 452
kg (Bayram and Akbulut, 2009) in these reports. However, in the present study, it is seen that the mature live
weight value of 248.2 kg or the Logistic model is different from the reported studies and is outside the standard
deviation values. . It can be said the results of before mentioned estimation parameter studies precision is variable
and the fact is it is due to data.

The Von Bertalanffy model parameters with Frequency estimation methods, mature body weight (A) were
reported as 450 kg (Wada et al., 1983), 454 kg (Akbas et al., 2001), 471 kg (Bayram and Akbulut, 2009), and 667
kg (Koenen and Groen, 1996) in the above-mentioned studies. Koenen and Groen, (1996) reported that the
difference in the estimated parameter value reduces the priory information strength. Furthermore, the current study
has the posterior distribution mean value from Von Bertalanfty 544.8 for the mature body weight which is in range
according to the previous results reported. However, the relatively high standard deviation value decreases the
confidence in the mean live weight value.

In the present study, the compatibility of the predicted models with the data set was investigated. The curve
plots and estimated DIC statistics for this review are presented in Figure 4.

-------

DIC: 55.188 DIC: 33.169 DIC: 38.018

Figure 4. The Bayesian model graphs with real values and DIC values of models
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The logistic model is more compatible with the data set when compared with other models. According to DIC
values of the Bayesian models estimated in Figure 4, it was decided that the Logistic model is more compatible with
the other two models for our data. It is thought that this selection may have arisen from the data set used. In their report,
Wada et al. (1983) and Bayram and Akbulut (2009) predicted the Von Bertalanffy model, which was reported to be
more compatible with the data set than the Logistic model.

4. Conclusion

The present study was designed for the predictions of Brody, Logistic, and Von Bertalanffy models, which are
frequently used in the modeling of growth curves of Holstein cattle in the literature, and was investigated with the
Bayesian approach. The present study also included the prediction, and there was no problem arising from iteration in
the estimation of the posterior distributions of the model parameters.

In this study, the posterior distribution estimation of parameters for three different models were estimated. To study
the coefficient interpretation, the mean value of posterior distribution was used. The estimated Brody parameters in the
study contain a high priory information strength provided from the literature. Logistic model parameters are more
affected by the likelihood function and model formulation combined with weak prior information. Due to mathematical
model structures, the weak prior information used for the estimation in Von Bertalanffy helped to calculate the expected
average value for an adult body weight of Holstein cattle.

Using the parameters obtained as a result of the present study, weight estimation can be performed for the Holstein
breed. Periodic body weights can be estimated if the cattle are fattened at the youngest possible age. Considering that
fattening activities in the Holstein cattle sector have an important place in animal husbandry, it can be said that the
results obtained from this research together with specific studies will be useful in planning optimum feeding programs
and determining the most appropriate breeding weight for heifer and slaughter age for a male.

The compatibility of the estimated curves with the data set used in the present study was investigated graphically
and statistically. According to the results of the analysis of graphics and DIC values, the logistic model was found to
be more compatible with this study data set. Therefore, the logistic model was selected for making the data analysis
due to its compatibility with the data.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Effect of Green Tea Extract Concentrations on Sourdough Bread with
Lactiplantibacillus plantarum

Farkli Konsantrasyonlarda Yesil Cay Ekstraktinin Lactiplantibacillus plantarum Ilaveli Eksi
Hamur Ekmegi Uzerine Etkisi

Ziithal ALKAY", Elif ERSAHIN?, Muhammed Zeki DURAK?, Osman SAGDIC*

Abstract

In this study, sourdough breads were made using Lactiplantibacillus plantarum starter isolated from traditional

sourdoughs. The main objective of this study was the effect of green tea powder extracts (0.25%, 0.50%, 0.75%

and 1.0%) on Lactiplantibacillus plantarum added sourdough bread. The dynamic rheological properties of the

doughs were determined. Bread production was carried out and then texture analysis, specific volume, color

analysis, DPPH and total phenolic analysis were performed. Frequency scanning test was used to determine

viscoelastic properties. G’ > G" was found in all doughs prepared using Lb. plantarum strain. The fact that G' >

G" indicated that all sourdoughs exhibited elastic properties. It was observed that the hardness values of sourdough

breads containing green tea powder extracts were lower compared to the control bread. The hardness of the other

breads varied between 161.9-267.6 g. Bread containing green tea powder extract at 0.75% concentration had the

lowest hardness value. It was observed that the specific volumes of the breads increased as the green tea powder

extract concentration increased. The specific volumes values for the concentrations (0.25,0.50,0.75,1.0 and control)
were 3.39,3.80,3.95,5.21 and 4.45 (mL g'), respectively. In the color analysis of the breads, it was noted that as

the ratio of green tea powder extract increased, the density increased. Another important parameter in our study is

DPPH and total phenolic analysis. DPPH values of breads changed from 0.54 mmol g to 1.46 mmol g'. The

antioxidant value increased as the concentration of green tea powder extract increased in sourdough breads.

Sourdough bread containing 1.0% green tea powder extract had the highest antioxidant value, while control bread

(0.54) had the lowest value. The total phenolic content (TPC) of sourdough breads made with green tea powder

extract varied from 10.67 to 104.65 ug g”'. In the results, as the concentration of green tea powder extracts increased,
the total phenolic content increased. A linear relationship between DPPH and total phenolic content was found.

As a result, it can be said that green tea powder extracts improve the quality of sourdough breads.

Keywords: Green tea powder extract, Lb. plantarum, Sourdough bread, Antioxidant activity, Rheology
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Oz

Bu calismada geleneksel eksi hamurlardan izole edilmis Lactiplantibacillus plantarum starteri kullanilarak eksi
hamur ekmekleri yapilmistir. Bu ¢alismanin ana amaci, yesil ¢ay tozu ekstraktlarinin (%0,25, %0,50, %0,75
ve %1,0) Lactiplantibacillus plantarum eksi mayali ekmek iizerindeki etkisi olmustur. Hamurlarin dinamik
reolojik 6zelligi belirlenmistir. Ekmek iiretimi gerceklestirildi ve daha sonra tekstiir analizi, spesifik hacim, renk
analizi, DPPH ve toplam fenolik analizi yapilmistir. Viskoelastik 6zelliklerin belirlenmesi amaciyla frekans tarama
testi kullanilmistir. Lb. plantarum susu kullanilarak hazirlanmis tiim hamurlarda G'> G" olmustur. G'> G" olmasi
tim eksi hamurlarin elastik ozellik sergiledigi sOylenebilir. Yesil ¢ay tozu ekstraktlarini iceren eksi hamur
ekmeklerinin sertlik degerlerinin kontrol ekmegi ile kiyaslandiginda diisiik oldugu goriilmiistiir. Ekmeklerin sertlik
digerleri 161.9-267.6 g arasinda degisim gostermistir. En diisiik sertlik degerine % 0.75 konsantrasyonda yesil cay
tozu ekstrakti iceren ekmek olmustur. Ekmeklerde yesil ¢ay tozu ekstrakti konsantrasyonu arttikca spesifik
hacimlerinin arttig1 gézlemlenmistir. Spesifik hacimler degerleri konsantrasyonlarin (0.25,0.50,0.75,1.0 ve kontrol)
sirasina paralel olarak 3.39,3.80,3.95,5.21 ve 4.45 (mL g!) olmustur. Ekmeklerin renk analizinde yesil cay tozu
ekstraktinin orani arttikca koyulugun arttig1 kaydedilmistir. Calismamizda bir diger onemli parametre DPPH ve
toplam fenolik analizi olmaktadir. Ekmeklerin DPPH degerleri 0.54 mmol g''den 1.46 mmol g''e degismistir.
Eksi hamur ekmeklerinde yesil ¢ay tozu ekstraktinin konsantrasyonu arttikca antioksidan degerinde artig
olmustur. %1.0 yesil cay tozu ekstresi iceren eksi mayali ekmek en yiiksek antioksidan degerine sahipken, kontrol
ekmegi (0.54) en diisiik degere sahip olmustur. Toplam fenolik degerleri ise gallik asit cinsinden verilmistir. Yesil
cay tozu ekstrakti ile yapilan eksi hamur ekmeklerinin toplam fenolik igerigi (TPC) 10.67'den 104.65'e ug g’!
degismistir. Sonuglarda yesil cay tozu ekstraktlarinin konsantrasyonu arttik¢ca toplam fenolik orani artmustir.
DPPH ile Toplam fenolik arasinda dogrusal bir iligki bulunmustur. Sonug olarak, yesil ¢ay tozu ekstraktlarinin
eksi mayali ekmeklerin kalitesini artirdig1 sdylenebilir.

Anahtar Kelimeler: Yesil ¢cay tozu ekstrakti, Lb. plantarum, Eksi hamur ekmegi, Antioksidan aktivite, Reoloji
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1. Introduction

In recent years, it is known that one of the oldest functional foods developed by humans is bread (Bajerska et
al., 2010). In particular, it was stated that sourdough bread came first among these breads. It is known that
sourdough is mostly used to improve the properties and nutrition of wheat, rye, and oat bakery products. It has
also been stated that sourdough fermentation improves the volume, texture, and flavor of fermented products.
Additionally, it has been reported that it increases the shelf life of bakery products by slowing down the stalling
(Torrieri et al., 2014; Yu et al., 2019; Karimi et al., 2020). Lactic acid bacteria and yeasts play a role as the main
microorganisms in sourdough. Among these microorganisms, LABs affect the granular structure of starch and
make the dough more compact by affecting the sourdough. It also makes it softer with less elastic tissue. Thanks
to this, it increases the gas holding capacity (Yu et al., 2019; Karimi et al., 2020). Recently, the addition of
sourdough to bread and the use of green tea extract in fermented products have attracted great interest. This interest
is based on the desirable flavors of tea extracts and their positive effects on health. Also, the antioxidant activity
and antimicrobial effects of green tea extracts (GTE) and epigallocatechin-3-gallate (EGCG) are important for
delaying chemical rancidity and controlling microbial spoilage in foods (Nikoo et al., 2018). In many studies, it
has been emphasized that green tea has strong antioxidant properties (Karori et al., 2007; Ning et al, 2017). It has
been reported which green tea powder holds almost all catechins of fresh tea leaves (Ning et al, 2017). Green tea
catechin polyphenols exhibit antioxidant properties as free radical scavengers (Wiseman et al., 1997; Bajerska et
al., 2010). This study was conducted because of the positive effects on the health of both sourdough and the
preparation of baked products with green tea powder extract, and the properties are rich in antioxidants. Green tea
leaves and fresh tea leaves have been reported to retain almost all catechins. Green tea powder is a rich source of
cellulose, protein and vitamins as well as bioactive components and has been noted to be included in biscuits, ice
cream and beverages (Ning et al., 2017).

The main purpose of our study is to examine the effect of green tea extracts at different concentrations on
sourdough bread. For this, the viscoelastic properties of the doughs were determined. Then, the bread making stage
was carried out and the antioxidant properties, texture and specific volumes of the breads were evaluated.2.
Materials and Methods

2.1. Material

Matcha green tea powder was purchased from Turkey Caykur Ltd. Also, all chemicals were purchased from
Merck (Darmstadt, Germany) and Sigma-Aldrich. The bacterial strain used in the study was isolated from
sourdough previously brought from Manisa/Kirkagag province in Turkey. It was then used in the study after it was
identified by PCR (Alkay, 2021).

2.2. Methods
2.2.1. Extracting green tea powder

50 grams of green tea powder were allowed to shake in 1000 mL distilled water at room temperature for 24 h
in a shaker incubator. After the incubation, the filtrate was filtered through Whatman filter paper and left to freeze
at -80 °C for 24 h. It was left to dry in the lyophilizer for 72 h after freezing. The lyophilized extract was stored
for use in further analysis.

2.2.2. Preparing sourdough samples

Lactic acid bacteria was incubated at 37° C for 24 h in 5 mL of MRS broth. After incubation, it was incubated
in 45 mL MRS broth under the same conditions. Thus, gradual development was achieved. After the incubation,
the cells were centrifuged (at 5000 rpm 10 min, 4° C) and the cell pellet was sedimented. The supernatant in the
collapsed cell pellet was removed and diluted with sterile distilled water. The resulting suspension was inoculated
into the dough at 107-10% log CFU g'!. It was then fermented in an air conditioning cabinet at 24 h 30 °C in the
presence of 80% humidity (Axel et al., 2016).

2.2.3. Rheology of dough prepared with different extracts

The viscoelastic behavior of dough containing sourdough with green tea powder extracts was performed
according to the method determined by Yilmaz et al. (2016). A rheometer (Anton Paar, MCR 302, Austria) was
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used. Briefly, frequency scanning test was used to determine the viscoelastic properties of dough samples. For this,
the deformation occurring in the range of 0.1-100 Pa and at a constant angular velocity of 10 rad/s at 25°C was
investigated.

2.3. Making sourdough bread and analysis of bread
2.3.1. Bread making

Bread doughs were prepared using sourdough and green tea powder extracts in different concentrations
obtained after 24 hours of fermentation. In the preparation of the control bread, 200 g wheat flour, 100 g sourdough,
120 mL water, 4 g salt, and 4 g commercial yeast were used. Then sourdough bread samples were prepared with
green tea extracts at 0.25%, 0.5%, 0.75%, and 1% (per 100 g of wheat flour). The ingredients were mixed until the
optimum consistency. It was cut into 160 g pieces. It was then rested for 15 minutes at room temperature and
shaped and fermented at 30 °C and 80% humidity for 45 minutes. The dough was baked in a 200 °C oven for 45

minutes after the fermentation period.
2.3.2. Texture analysis in bread

Texture Profile Analysis (TPA) of bread samples was performed using a texture analyzer (TA.HD Plus Stable
Micro Systems Ltd., Surrey, England). The bread was sliced to be 1.25 cm thick and placed in the test unit with 2
slices on top of each other. The pre-test speed was set as 5.0 mm s’ test speed 1 mm s!, 30% suppression, trigger
type automatic force 5 g, waiting time between first and second printing 5 s. The results were given as the average
of 3 parallel measurements (Yildirim and Arici, 2019).

2.3.2. Specific Volume

The volume of bread prepared in bread baking containers was measured with a Bread Volume Measuring
Device (Simsek Labortecnic, Ankara) with a volume of 400 mL. In this method, the volume of bread samples was
determined by using the displacement of rapeseed grains. The results are given in mL g\

2.3.3. Color analysis

Color changes of the color of the crumb and crust bread slices prepared by adding different concentrations of
green tea extract were measured using the CR-400 colorimeter device (Konica Minolta Inc., Japan). Results were
expressed as L* denotes whiteness (value 100), a*red (positive value), and b* yellow (positive value) (Xing et al.,
2021).

2.3.4. Determination of DPPH radical scavenging activities

Analysis of antioxidant (DPPH) in breads was performed according to the method used.by Zhou et al. (2019).
The absorbance of each sample was read in a spectrophotometer (UV-1601 Shimadzu Corp. Japan) at 517 nm.
Results are expressed in mmol TE g™! as equivalent Trolox.

2.3.5. Determination of total phenolic (TPC) contents

For the total phenolic analysis, the breads were ground after drying at 45 °C for 24 hours. The samples were
weighed 1.25 g and vortexed in 25 mL of methanol and then left horizontally in a shaker for 24 h. Samples were
centrifuged at 5000 rpm for 10 minutes at the end of 24 hours and the supernatant was taken with a syringe and
passed through 0.22 pm PTFE syringe filters (Whatman). 100 pL extract, 100 pL methanol, 100 uL of Folin-
Ciocalteu reagent and 700 pL of Na,COs were taken and vortexed rapidly. It was then incubated at room
temperature for 30 minutes in the dark. At the end of the incubation, the samples were centrifuged again (8000
rpm, 3 minutes) and their supernatants were taken and read at 735 nm in the spectrophotometer. Results were
given in gallic acid equivalent (ug GAE g') (Venturi et al., 2019).

2.3.6. Statistical analysis

One-way analysis of variance (ANOVA) with Tukey’s test was used to determine the difference between
strains depending on the measured characteristics. Minitab version 17.3.1 (Minitab, Inc., State College PA, USA)
and JMP version 9 were used.
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3. Result and Discussion
3.1. Determination of the rheology of dough Prepared by Green Tea Extract

The viscoelastic properties of dough prepared by extraction of green tea powder were given in Figure 1.
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Figure 1. Rheograms of sourdough made with green tea extract in different concentrations

Extracts of different concentrations were used to be 0.25%, 0.50%, 0.75% and 1.0%. It was observed that the
G' values of the prepared doughs were higher than the G" values in the dynamic rheological properties. Since the
elastic modulus (G") is higher than the viscous modulus (G"), it can be said that the elastic property of the dough
is dominant (Yilmaz et al., 2017). It is known that dough rheology is a good indicator of dough mixing, sheeting,
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baking performance. Dough expansion and bread texture depend on the rheological properties of dough. It has
been reported that these properties stem from gluten and starch components. It has been stated that by adding
phenolic components to the dough, phenolic compounds interact with gluten and starch and this affects dough
rheology. Also, phenolic antioxidants can establish the link by interacting with free radicals on gluten while mixing
(Han and Koh, 2011a, b; Jackson and Hoseney, 1986; Schroeder, 1976; Xu et al., 2019).

In our results, green tea extraction caused softening of sourdough. Studies have shown that green tea extract
has a high content of catechin, which acts as a reducing agent that causes SS bonds to turn into SH bonds. Therefore,
the gluten web viscoelasticity also changes. Valkova et al., (2020) stated that catechins can reduce the
intermolecular SS bonds of gluten and the size of gluten polymers. As a result, it is assumed that the dough
elasticity decreases, and the viscosity becomes soft.

3.2. Determination of textural properties and color measurements of sourdough breads

The bread crumb hardness is an important quality parameter and corresponds to the texture evaluated
sensorially (Onacik-Giir et al., 2022). In addition, crumb hardness is an indicator of bread staling and is negatively
associated with bread quality (Wang et al., 2007; Ning et al., 2017) and it has been noted that it plays an important
role in the taste and consumer acceptance of bread, which is usually based on initial gelatinization (Zain et al.,
2022). Studies have reported that the inclusion of green tea in bread increases the hardness, stickiness and bitterness
of the bread. It was emphasized that when the amount of green tea extract added was increased, a decrease in
brightness occurred (Ning et al., 2017; Zain et al., 2022). In our study, properties such as firmness, chewiness,
flexibility, stickiness and specific volume of sourdough breads baked with different green tea extract
concentrations were evaluated (Table 1). For the determination of texture profile analysis parameters, a tissue
analyzer 36 (SMS TA.XT2 Plus, UK) with a 5 mm load cell and a 36 mm diameter cylindrical compression probe
were used. In our data, sourdough bread containing 0.75% green tea extract had the lowest hardness value, while
the control sourdough bread (without green tea extract) had the highest value. The springiness and cohesiveness
values of sourdough bread containing 0.50% tea extract were higher compared to other breads. There was no
significant difference between the cohesiveness values of sourdough breads.

Table 1 Textural properties of sourdoughs’

Bread Specific
Code Hardness (g) Springiness  Cohesiveness ~ Gumminess Chewiness Resilience volume
(mL g")

0.25%  253.71+6.484 1.3240.474  0.89+0.024  224.66+£0.034  297.46+106.44 0.59+0.034 3.39P
0.50 %  235.95+7.324 1.48+0.084  0.839+£0.014  208.61£2.124  264.20+£77.48% 0.61+0.054 3.80¢
0.75 % 161.97+16.688 1.05+£0.094  0.87+0.014 141.45+12.41B  148.29+0.024 0.57+0.004 3.95¢
1.0 % 264.38+2.264 1.17£0.26 4  0.87+0.014  231.69+£3.094  314.5+3.454 0.58+0.004 5.214
Control  267.65+9.014 1.14£0.224  0.89£0.004  231.28+1.46*  215.98+19.64 0.58+0.00% 4458

"Within the column, different superscript uppercase letters show differences between the strains.

It was observed that a green tea concentration of 1.0 % resulted in greater hardness in bread. Ning et al. (2017)
reported that with the increase of GTE powder, the dough became stronger. Another study was conducted by Wang
and Zhou (2004), and they stated that there were interactions between GTE catechins and wheat proteins during
the bread-making process through hydrogen bonding. They stated that this causes a harder texture in bread. As
seen in our study, the hardness of sourdough breads containing 0.25 %, 0.50 %, and 0.75 % green tea extracts was
softer in terms of texture. It can be thought that as a result of the faster growth of bacteria and yeast with SPH, it
increases gas production in bread and causes a more flexible bread texture (Karimi et al., 2020). In our results, it
was seen that the specific volume increased with the increase of tea extraction and the values were higher than the
control sourdough and there was significant difference in specific volume between the control and the sourdough
breads with added green tea extract (P< 0.05). Ning et al., (2019) emphasized that there was no significant
difference between the breads to which they added green tea extract at different concentrations and the control
bread. However, it can be said that the specific volume of the control bread is higher than the other samples.
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0.25 % 0.50 % 0.75 % 1.0 % Control (0 %)

Figure 2. Image of bread types

After texture, another important parameter for bread is color. In our study, color analysis of bread was
determined by determining L*, a* b* values (Figure 3). It was observed that the color became darker with the
increase in green tea extracts. Ning et al., (2017) stated in their study that with the increase in the amount of green
tea powder, the darkness of bread increased. They attributed the increase in color value to Maillard reaction, non-
enzymatic browning, and conversion of heat-sensitive compounds. Onacik-Giir et al., (2022), studied the effect of
green tea extract on rye bread. Bread crust and crumb color parameters were evaluated. They noted that the doughs
with the addition of lactic acid were lighter in color when compared to the doughs with the addition of GTE. The
addition of 0.5% GTE was found to darken the crust color. These parameters showed similar results with our study.

80

EE 90.25
60 = 9%0.50

B %0.75
40

3 %1.0
20 control

Figure 3. Color measurements of bread types containing different concentrations of green tea extract

3.3. DPPH and Total phenolic contents in the sourdough breads

It has been reported by many researchers that green tea contains antioxidant compounds (Karori et al., 2007,
Ning et al., 2017). One of the important biological properties of polyphenolic compounds is antioxidant activity.
Bread scavenges free radicals during baking. It is a mechanism for polyphenolic compounds to inhibit acrylamide
formation in bread (Ggbski et al., 2019; Ebbeling et al., 2018; Zain et al., 2022). Therefore, another important
parameter in our study is to determine the antioxidant values of breads. Antioxidant properties of sourdough breads
containing green tea extract in different concentrations are given in Figure 4. It has been observed that the addition
of green tea extracts greatly increases the antioxidant properties of sourdough breads. DPPH values ranged from
0.54 to 1.46 mmol TE g™'. Sourdough bread with 1.0% green tea powder extract had the highest antioxidant value,
while control bread (0.54) had the lowest value. As the extraction amount of green tea powder increased, DPPH
values increased. This may be due to green tea catechins. Recent studies have focused on the free radical
scavenging ability of tea catechins (Bajerska et al., 2010). Besides, it is known that a strong relationship is
established between the structure and activity of different compounds thanks to the DPPH method (Ning et al.,
2017). Pan et al., (2022) examined the effect of catechins on wheat bread quality in their study. In the study, the
antioxidant activity values in the bread crumbs in the control breads were 0.74 mg TE/g, while the antioxidant
value in the catechin-containing bread crumbs was 14.36-19.82 mg TE/g. It has been stated that catechins increase
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the antioxidant activity of breads. In another study, Ning et al., (2017) reported that the antioxidant value of wheat
flour pan bread with the addition of green tea powder was higher. Our results were similar.

2.0 7 150 A

104.65"

100

50

DPPH [mmol/g]
TPC [png GAE/ g]

Figure 4. DPPH and total phenolic compounds of bread types

Another parameter important for green tea is total phenolic. In this study, the total phenolic content (TPC) of
sourdough breads prepared with extracts of green tea powder changed from 10.67 to 104.65 (ug GAE g™'). There
was a linear correlation between DPPH values and TPC, and as the amount of extract of green tea powder increased,
TPC increased. IvaniSova et al., (2018) enriched biscuit samples with green tea powder in their study. The total
phenolic content of biscuit samples containing 1% green tea was 0.37 mg GAE/g, while the total phenolic content
of the control sample was 0.09 mg GAE/g. The authors noted that tea leaves caused a significant increase in total

phenolic concentrations.

4. Conclusion

This study examines the effect of different concentrations of green tea powder extract on Lb plantarum
sourdough bread. Lactic acid bacteria and green tea powder extracts provided elastic properties to all doughs. Also,
it was observed that the bread with 1.0% green tea powder extraction amount was harder, the inside color of the
bread was greener, and the antioxidant activity was higher among all bread types. It can be said that as the
concentration of green tea powder extract increases, the acceptability of breads decreases, and therefore these

parameters should be optimized in future studies.
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Profitability of Melon Processing Among Women In Enugu State, Nigeria

Ridwan MUKAILA'*, Angela Ebere OBETTA?”, Maurice Chizoba OGBU?

Abstract

The processing of melon is a means of livelihood in Nigeria, especially among rural women. Its role cannot be
overemphasised in the lives of rural women who are vulnerable to poverty and food insecurity. Despite the vital
role of melon processing in women’s livelihoods, little has been done about its economic potential. This study,
therefore, analysed the economics and drivers of profitability of melon processing among women processors in
Enugu state, Nigeria. A four-stage sampling technique was used to select a sample of 150 respondents. Data
collected were analysed using descriptive statistics, gross margin, logistic and Tobit regressions. The results
revealed that the majority of melon processors were married, adults, well experienced and had melon processing
as their major occupation. Marital status, household size, cooperative memberships, and income from melon
processing were the positive factors influencing melon processing, while educational qualification negatively
influenced it. Women melon processors had a net profit of N18,163.72 (US $47.68) per 50kg melon processed, a
profit ratio of 0.28, a benefit-cost ratio of 1.39, a return on capital invested of 0.39, and an operating ratio of 0.69.
Thus, melon processing among the women was a profitable enterprise. The profitability of melon processing was
influenced positively by market access, major occupation, price of processed melon, and marital status but
negatively influenced by the cost of processing, price of unshelled melon, and transportation cost. The study
recommends government intervention by providing conducive and accessible markets and subsidizing shelling
machines and transportation costs to reduce the cost of processing, which will, in turn, enhance the profitability of
melon processing.
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1. Introduction

Agriculture and allied activities play a prominent role in the economies of developing nations, and provide job
and food for the growing population (Gosh, 2021; Mukaila and Arene, 2022). The agricultural sector has continued
to empower Nigerian women, especially in the area of marketing and processing of produce such as melon. More
than half of Nigerian women live in rural areas and work in agriculture (Abdullahi et al., 2015). Women do not
only play a major role in agricultural production but also play a vital role in post-harvest activities in developing
countries, including Nigeria. Women constitute sixty percent of the farming workforce and perform seventy
percent of farm work (NSWEF, 2014). They contribute significantly to the economy of a nation, rural and
agricultural development, especially in developing economies. Agriculture employs more than 60% of women in
sub-Saharan Africa (FAO, 2011). Their involvement in agriculture is vital to meeting global food demand and
attaining food security globally (Mutandwa and Wibabara, 2016). Rural Nigerian women engage in several
activities related to agriculture, ranging from production, processing, and marketing of produce. Among the widely
processed and marketed crops by women is melon, locally called egusi in Nigeria. Most women who engage in
the marketing of this vegetable crop also perform processing functions alongside.

Melon (Colocynthis citrillus L.) is one of the economically important vegetable crops globally and is grown in
both tropical and temperate regions (Oyediran et al., 2016). It is an important indigenous oilseed consumed by
many rural and urban communities in West Africa (Bankole and Adebanjo, 2003). It plays a vital role in the income
generation ability of farmers and processors, especially rural women. Melon is a popular seed widely used to make
varieties of soups in Nigeria, where it results in flavouring, fat binding, emulsifying, and thickening (Eze et al.,
2017). It also plays a major role in the farming system of West Africa. It serves as a cover crop, fertilizing the soil
and suppressing weeds (Abiola and Daniel, 2014).

Processing of melon is done on a small scale among rural women in Nigeria. It plays a vital role in the economic
status of rural women and serves as a means of livelihood for many households in Nigeria (Obetta et al., 2020a).
Efficient food processing and marketing systems play an important role in reducing post-harvest losses. It ensures
adequate returns on farmers’ investments and encourages an increase in food production, thereby boosting
Nigeria’s state of food security through appropriate information regarding the prices of agricultural products
(Ladele and Ayoola, 1997; Mukaila et al., 2021). The processing of melon, thus, has the potential to improve the
economic status of women, thereby alleviating poverty, which is very high in the rural areas by providing the
women with the cash needed to meet their basic needs.

The need to enhance women melon processors’ profitability in order to enhance more participation and
consequently eradicate poverty motivated this study. Most of the previous studies on melon concentrated on its
production (Yusuf et al., 2008; Ugwumba, 2010; Ogbonna, 2013; Mohammed, 2013; Abiola and Daniel, 2014;
Oyediran et al., 2014; Sanusi, 2015; Oyediran et al., 2016; Iwuchukwu and Ekeh, 2017). However, this valuable
vegetable crop has received less attention in its processing and marketing. This poses a serious threat to the
processing of melon since there is no or little documented work on the economic potential of processing melon,
including the drivers of its profitability among women processors. Understanding the economics of melon
processing in terms of its profitability and its drivers is very important for policy intervention regarding rural
women to increase their profitability and improve their wellbeing. This study becomes imperative as an
understanding of costs and margins is essential for those involved in agricultural processing and other activities.

Therefore, the present study analyses the economics of melon processing and the determinants of its
profitability among women processors in Enugu State, Nigeria. Specifically, the study describes the demographic
and institutional characteristics of women melon processors; examines the determinants of processing melon as
their major occupation; analyses the profitability of melon processing among women processors; and identifies
the factors affecting the profitability of melon processing.

2. Materials and Methods

2.1. Study area

The study was carried out in Enugu State, Nigeria. The state has 17 Local government Areas (LGAs) which were
further grouped into six Agricultural Zones: Enugu-Ezike, Nsukka, Enugu, Agbani, Awgu, and Udi agricultural zone
based on agro-ecology. The state has a total land area of 7,161 km? (2,765 sq mi). The state is located between latitudes
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5955'N and 7°08°N of the equator and longitudes 6°55> E and 7°08’ E of the Greenwich meridian. The state shares
boundaries with Ebonyi State to the East, Benue State to the Northeast, Kogi State to the Northwest, Anambra State to
the West, Abia State, and Imo State to the South (Obetta et al., 2020). This makes the melon processors in the state
have access to market processed melon to other parts of the country. The majority of the people in the state reside in
rural areas and engaged in farming activities.

2.2. Sampling techniques

A four-stage sampling technique was used to select the respondents for the study. The Enugu-Ezike Agricultural
zone was purposively selected in the first stage. The purposive selection was because the major means of livelihood of
the people in the zone is farming, and there are a lot of women melon processors who are also engaged in the marketing
of melon in this zone. There are also many melon markets in the zone. The second stage involved the selection of all
the three LGAs in the zone (Igbo-Eze South, Igbo-Eze North and Udenu LGAs). The third stage involved another
purposive selection of two markets from each of the three LGAs (Orie-lheka and Nkwo-Ibagwa markets from Igbo-
Eze-South LGA; Orie Igbo-Eze market and Imufu markets from Igbo-Eze North LGA; Orie Orba and Afor Obollo
markets from Udenu LGA), giving a total of six markets. These markets were selected because they are the major
markets in the zone and there are a lot of women involved in melon processing and marketing. The last (fourth) stage
involved a random selection of twenty-five women melon processors from each market, making a total of 150
respondents for the study. 7able I presents the sampling design for the study.

Table 1. Sampling design for the study

Local Governments Markets No of respondents Percentage
Igbo-Eze South Orie-lheka 25 16.7
Nkwo-Ibagwa 25 16.7
Igbo-Eze North Imufu 25 16.7
Orie-Igbo-Eze 25 16.7
Udenu Orie Orba 25 16.7
Afor Obollo 25 16.7
Total Six 150 100

Source: Authors’ computation
2.3. Data collection method

The study adopted a cross-sectional survey design. The source of data used for this study was generated primarily.
This involved the use of an interview schedule and a structured questionnaire designed to capture the vital
socioeconomic and institutional data needed and data on costs and returns from melon processing. The response of
these female melon processors formed the primary data used. The field survey was conducted between October 2019
and January 2020.

2.4. Data analysis

A descriptive statistic, logit regression, gross margin analysis, and Tobit regression were used to analyse the data
collected. The descriptive statistical analyses used include frequency distribution tables, means, and percentages. These
were used to describe the socio-economic profiles of the women melon processors.

Logit regression is a predictive model used when the dependent variable is dichotomous. It was used to identify the
factors influencing melon processing as a major occupation. The model (Eq1) for this study is stated as:

Y =By + [1AG + B,MS + [3HS + BLED + BsCM + B,AM + [5,IN + fgPM + e (Eq. 1)

Where Y is the decision on processing melon as the major occupation (1 if Yes, 0 if no), §, is the intercept, §; —fg
are the coefficients, AG is age (in years), MS is the marital status (1 if married, 0 if otherwise), HS is the household
size (number of people living as a family), ED is the highest level of education (number of years of successful
schooling), CM is cooperative membership (yes =1, no = 0), AM is access to market (yes =1, no = 0), and IN is melon
processing income (in naira, N).

Gross margin was employed to estimate the cost and return of melon processing in the study area. Gross margin
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(Eq.2) has been widely used by researchers (e.g., Akanbi et al., 2020) in studies on economic analysis of the agricultural
products.

Gross Margin = Total revenue — Total variable cost (Eq.2)

Net profit (Eq.3,4) was used to calculate the profit made by the women processors in melon processing after all
expenses have been deducted.

Net profit = Gross margin — Total fixed cost (Eq. 3)
Or
Net profit = Total revenue — Total cost (Eq. 4)

A profitability ratio (PR) was used to show the profitability and financial health of melon processing by comparing
net revenue to its sale. It is estimated as follows:

Net profit
PR = P

Total revenue

(Eq.5)

The operating ratio (OR) was used to measure the proportion of the gross income used for operating expenses.It is
expressed as Eq.5:

__ Total variable cost

OR = (Eq. 6)

Total revenue

The net return on capital invested (NRI) was used to assess the gain per unit of investment, that is, the profit made
per M1 or $1 invested.

NRI = Net profit (Eq. 7)

Total cost

The benefit-cost ratio (BCR) was measured to indicate the strength and viability of the melon processing enterprise
and its benefits. It is estimated as:

Total revenue

Benefit — cost ratio = (Eq. 8)

Total cost

A Tobit regression model was used to determine the factors that influence the profitability of melon processing.
The model is explicitly stated as Eq.9:

Y = By + BLAG + BLED + BsEXP + B,MO + BsPUM + BsCP + B,PM + BsTC + BoMS + B,,AM + e (Eq. 9)

Where Y is the profitability of melon processing (ratio), 3, is the intercept, §; —f;, are the coefficients, AG is age
(in years), ED is the highest level of education (number of years of successful schooling), EXP is the processing
experience (years), MO is the major occupation (melon processing = 1, others = 0), PUM is the price of unshelled
melon (in N), CP is the cost of processing (in M), PM is the price of processed melon (in ¥), TC is the transportation
cost (in N), MS is the marital status (married = 1, otherwise = 0) and AM is the access to the market (Yes =1, no =
0).

3. Results and Discussion

3.1. Demographic and institutional characteristics of women melon processors

Table 2 shows the demographic and institutional profile of the women melon processors. The majority (57.3%)
of the women melon processors were between the ages of 41 and 50 years old, followed by 18.7% with an age
range of 31 to 40 years. They had an average age of 51 years. This indicated that the women processors were adults
who were still in their economically active age range and could make positive contributions to melon processing.
This is in line with Ajepe et al. (2016), who reported that women melon processors were adults and economically
active. The majority (86.7%) of the women processors were married, 11.3% were single while only 2% were
widowed. The women processors had an average household size of six people per household. This suggests the
availability of a larger household size, which was employed as family labour in melon processing, thereby reducing
the cost of processing melon. A larger household size increases the probability of getting physical assistance from
family members, which enhances the proliferation of a venture (Falola et al., 2022b; Gbigbi, 2021; Mukaila et al.,
2022).
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Table 2. Demographic and institutional characteristics of the women processors (n = 150)

Variables Categories Percentage Mean
Age (Years) <30 53 51
31-40 18.7
41-50 57.3
51-60 13.3
>0l 5.3
Marital status Single 11.3
Married 86.7
Widowed 2
Divorced 0
Educational level No formal education 10
Primary education 533
Secondary education 22
Tertiary education 14.7
Household size <5 38.7 6
6-10 58.7
>11 2.7
Processing experience <10 28.7 13
11-20 61.3
21-30 6
>31 4
Major occupation Melon processing 77.3
Trading 4
Farming 8.7
Civil servant 10
Annual income (M) <100,000 10 N286,400
100.001 — 200.000 17.3
200.001 —300.000 34
300.001 — 400.000 31.3
> 400,001 7.3
Cooperative membership Member 11.3
Non-member 88.7
Source of fund Personal saving 80.7
Relatives and friends 6
Moneylender 2
Cooperative 10
Bank 1.3
Access to credit Have access 19.3
Do not have access 80.7
Access to extension services Have access 20.7
Do not have access 79.3

Regarding their educational status, more than half of the respondents had primary education while a few had

tertiary education. Considering the level of education in rural Nigeria among women, the women melon processors
can be said to have basic education. This may result in increased output/productivity since education increases the
level of production in agriculture (Ogbonna et al., 2007; Reimers and Klasens, 2013). Education plays a significant
role in the adoption of innovation and efficient practice of agricultural activities including production, processing
and marketing. The women melon processors can be described as experienced melon processors as they spent an
average of 13 years in the ventures (7Table 2). This suggests that melon processing is not a new practice to the
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people in the study area. The time spent in a profession determined how skilful they are; thus, the women melon
processors can be referred to as skilled melon processors. High level of experience could positively influence
marketing efficiency (Adewumi and Omotesho, 2002), thus the women processors can be said to have marketed
their products efficiently. The majority of the women had melon processing as their major occupation. They had
an average annual income of N286,400 (US $751.76) from processing melon. This implies that melon processing
was a major means of livelihood to women in the study area and serves as a source of income to them, thereby
improving their economic status.

The level of cooperative membership among the women processors was very low, as only 17.3% belonged to
a cooperative society (7Table 2). Thus, the majority of them do not belong to any cooperative society where they
can pool their resources together to enjoy economies of scale and other benefits. This suggests that many of them
will not get any financial support from such an organisation. Whereas the few that belonged to a cooperative
society enjoyed the benefits of the society. The majority of the women processors had their source of funds from
personal saving, followed by the cooperative society (10%). Access to credit was thus very low (19.3%) among
the women processors due to a lack of collateral, which was required in the commercial banks, and low
participation in a cooperative society. It is worth noting that the few that could access credit got it mainly from
cooperative societies (for those that were members), followed by friends and family. Capital is very important in
agricultural activities as it determines the level of investment (Mukaila et al., 2021, Falola et al., 2022a). Also,
readily available and effective credit is a driving force in effectively managing an agricultural enterprise. Low
credit access hinders women melon processors’ processing activities as personal funds are not enough to operate
on a large scale. Access to extension services by women processors was low in the study area, as only 20.7% had
access to extension services. This contributed to the low participation in cooperative societies as the women were
not well informed about the importance of joining cooperative societies in their ventures.

3.2. Determinants of melon processing

Table 3 presents the result of logistic regression for the determinants of melon processing. The probability
value of the chi-square was significant (P<0.01), which indicates that the model has a good fit. The significant
factors influencing the decision to process melon as a major occupation were marital status, household size,
educational qualification, cooperative memberships, and income from melon processing.

As shown in Table 3, marital status was positively significant (P < 0.05). The marginal effect of marital status
revealed that an increase in the probability of being married increases the likelihood of choosing melon processing
as a major occupation by 30.5%. Thus, married women had a higher probability of processing melon as their major
occupation than their counterparts. This is because married women can get financial assistance from their husbands,
thereby increasing their capital used in processing melon. It could also be due to the availability of family labour
that can be used in processing melon. This, in turn, increased their probability of processing melon as their major
occupation.

Similarly, household size was positively significant in relation to melon processing (P < 0.01). The marginal
effect of household size revealed that an increase in household size increases the likelihood of choosing melon
processing as a major occupation by 13%. Thus, women processors with a large household size are likely to process
melon as their major occupation. This conforms to a priori expectations and agrees with the findings of Mbanasor
and Kalu (2008). A larger household size implies the availability of family labour for melon processing activities,
thereby reducing the cost of labour and making the women concentrate on melon processing as their major
occupation.

Educational qualification was negatively significant in relation to having melon processing as a major
occupation (P < 0.05). The marginal effect of educational qualification reveals that an increase in the educational
level of women processors decreases the probability of choosing melon processing as a major occupation by 15.4%.
This suggests that the lower the educational qualification of the women in the study area, the higher the probability
of their engaging in processing melon as their major occupation. This is not surprising as highly educated women
prefer a white-collar job as their major occupation, thereby processing melon as a minor occupation. Women with
a lower level of education process melon as their major occupation as they do not have an educational certificate
that warrants white-collar jobs.
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The coefficient of cooperative membership was positively related to having melon processing as their major
occupation (P<0.05). The marginal effect of membership in a cooperative society revealed that an increase in the
likelihood of being a member of a cooperative society increases the probability of choosing melon processing as
a major occupation by 36.2%. This implies that a cooperative society had a positive effect on women's melon
processors. Due to financial assistance and the dissemination of useful information from the cooperative society,
the women who belonged to it had melon processing as their major occupation. Membership in an association
enables members to get proper information on best melon practices to increase their profitability (Sanusi, 2015).
This, however, increased their probability of making melon processing the major occupation.

The coefficient of income derived from melon processing was positively related to having melon processing
as their major occupation (P<0.1). The marginal effect of income derived from melon processing revealed that an
increase in income derived from melon processing increases the likelihood of choosing melon processing as a
major occupation. The income derived from processing melon serves as an incentive to rely strictly on processing
melon as their major occupation.

Table 3. Estimates of logistic regression for the determinants of melon processing

Variables Coefficient Std. error t-values  p-value Marginal effect
Age -0.0209419 0.0333766  -0.63 0.530 -0.0039713
Marital status 1.606067** 0.8166783  1.97 0.049 0.3045626
Household size 0.6845171*** 0.2113515 3.24 0.001 0.1298068
Educational qualification -0.8083945** 0.4068014  -1.99 0.047 -0.153298
Cooperative membership 1.636688** 0.8109418  2.02 0.044 0.3617606
Access to market 1.996435 1.392182 -1.43 0.152 0.3785891
Income from melon processing  5.96e-06** 2.81e-06 2.12 0.034 1.13e-06
Constant -1.368906 2.708627 -0.51 0.613

Log likelihood -65.322531

Pseudo R? 0.396

LR chi2 (7) 54.28

Prob > chi2 0.0000

#4% n<(.01, ** p<0.05, * p<0.1

3.3. Estimation of the profitability of melon processing

Regarding the profitability of melon processing, Table 4 shows the results of gross margin, net profit, operating
ratio, and net return on capital invested for melon processing in the study area. The cost of unshelled melon had
the highest share (88.08%) of the total cost, followed by the cost of processing (4.28%), depreciation on equipment
(2.39%), transportation cost (1.90%), cost of labour (1.50%), rent (0.73%), tax (0.72%) and cost of bagging
(0.40%).

The average gross value of the women processors' output was ¥65,057.73 (US $170.77) per 50 kg bag. The
total variable cost and the total fixed cost incurred were 345,093.66 (US $118.36) and ¥1,800.35 (US $4.73) per
50kg bag, respectively, making the total cost of processing to be 3¥46,894.01 (US $123.09). The result of the gross
margin analysis for melon processing was ¥19,964.07 (US $52.40) per 50kg. However, the women processors
made a net profit of ¥18,163.72 (US $47.38) per 50 kg bag. The profitability ratio of melon processing was 0.28,
which means that 28 percent of the total revenue was made as profit. Given the obtained net profit and gross
margin, a net return on capital invested of 0.39 and an operating ratio of 0.69 were obtained. The return on capital
invested of 0.39 implies that for every US $1 invested, US $0.39 was gained as profit by the women melon
processors. Also, the operating ratio for the women's processors of 0.69 implies that 69% of total revenue was
used for operating expenses. The enterprise had a positive benefit-cost ratio greater than one. Therefore, melon
processing could be described as a profitable venture as it gave a relatively high net profit and a return on capital
invested.
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Table 4. The profitability of ‘egusi’ melon processing

Variables Values (N per 50kg) Share of total cost (%)
Total revenue (A) 65.057,73

Variable cost

Cost of unshelled melon 41.302,06 88.08
Cost of transportation 892.23 1.90
Cost of processing 2.008,89 4.28
Cost of labour 704.89 1.50
Cost of bagging 185.59 0.40
Total variable cost (B) 45.093,66 96.16
Gross margin (C) = A- B 19.964,07

Fixed cost

Rent 340.36 0.73
Depreciation on equipment 1.122,95 2.39
Tax 337.04 0.72
Total fixed cost 1800.35 3.84
Total cost (D) 46.894,01

Net profit (E) = (A-D) 18163.72

Operating ratio (B/A) 0.69

Net return on capital invested (C/B)  0.39

Benefit-cost ratio (A/D) 1.39

3.4. Factors influencing the profit level of melon processing

Table 5 presents the estimates of the Tobit regression model used to determine the significant factors
influencing the profitability of melon processing. The chi-square was significant (P<0.01), which implies that the
model has a good fit. The significant factors influencing the profitability of melon processing were major
occupation, price of unshelled melon, cost of processing, price of processed melon, transportation cost, marital
status, and access to the market.

The coefficient of major occupation was positively related to the profitability of melon processing (p<0.01).
This suggests that having melon processing as a major occupation acts as a catalyst for the profitability of melon
processing. This implies that women processors who have melon processing as their primary occupation make
more money than those who have it as a secondary occupation. This was a result of dedicating all energy, time,
attention, capital, and other resources to the processing of melon.

The coefficient of the price of unshelled melon was negative and significant in relation to melon processing
profitability (P<0.01). This implies that the profitability of melon processing decreases as the price of unshelled
melon increases. This agrees with the apriori expectation as the cost of unshelled melon accounted for the highest
share of the total cost in melon processing (see 7able 4). Thus, a reduction in the unit price of unshelled melons
would enhance the profitability of the enterprise.

The coefficient of cost of processing was negatively related to the profitability of melon processing (P<0.01).
This suggests that as the cost of processing melon increases, the profit made from melon processing decreases as
well. This is not surprising as the cost of processing is a major variable cost in melon processing ventures. A higher
cost of processing will thus reduce the profitability of melon processing.

In the same vein, the coefficient of transportation cost was negatively related to the profitability of melon
processing (P < 0.01). This suggests that a proportionate increase in transportation costs reduces the profitability
of melon processing. Transportation costs increase the total variable cost of the agricultural enterprise, which
lowers the profitability of an enterprise. Due to the poor road network, the women processors spent a large amount
of time conveying their commodities from the farm gate to the processing centre and the market. The high cost of
transportation thus hindered their profitability.
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The price of processed melon was positively related to the profitability of melon processing (P < 0.01). This
suggests that an increase in the price of processed melon increased the profitability of the venture. This conforms
with the a priori expectation as the price of selling processed melon determines the total revenue derived from the
venture. This finding implies that an increase in the price of processed melon will result in a proportionate increase
in the profitability of processing melon. Therefore, the price of processed melon is an enhancing factor for the
profitability of processing melon.

The coefficient of marital status was positively related to the profitability of melon processing (P < 0.01). This
suggests that the probability of being married increased the profitability of melon processing. This is because
married women processors had household members who served as family labour and assisted in processing melon.
This thus waives the cost of labour, which, in turn, lowers the total variable cost and increases the profitability.
Whereas their counterparts (single women processors) spent money on hiring labourers in their processing
activities, which increased their total variable cost and reduced their profitability. In addition, married processors
accessed financial assistance from their spouses, which enhanced their level of productivity and, consequently,
their profitability.

The coefficient of access to the market was positively significant in relation to the profitability of melon
processing (P < 0.05). This suggests that the higher the probability of getting access to the market, the higher the
profit derived from processing melons. The performance of an enterprise depends on the efficiency of the market
(Eze and Orebiyi, 2005; Agbugba et al., 2011). Access to the market is a very important tool in agriculture, which
is characterized by the perishable nature of its produce. Access to the market increases the turning over of capital
as access to the market increases the sales of agricultural produce. Lack of access to the market or a poor market
system will lead to poor pricing and low profit. Therefore, access to an efficient market increases the profitability
of melon processing.

Table 5. Factors influencing the profitability of melon processing

Profit ratio Coef. Std. Err. t P>t

Age 0.0007574 0.0006378 1.19 0.237
Education 0.003184 0.0071171 0.45 0.655
Processing experience 0.0005401 0.0005554 0.97 0.332
Major occupation 0.0066666*** 0.0016750 3.98 0.000
Price of unshelled melon -0.0000143*** 1.81e-06 -7.88 0.000
Cost of processing -0.000015%** 2.04e-06 -7.33 0.000
Price of processed melon 0.0006015%** 0.0000214 28.07 0.000
Transportation cost -0.0000974*** 0.0000319 -3.06 0.003
Marital status 0.0126895%** 0.0049763 2.55 0.012
Access to market 0.0026126** 0.0012382 2.11 0.037
Constant 0.0859504 0.0524341 1.64 0.103
Sigma 0.0517814 0.0029896 0.046

Log likelihood =231.26773
LR chi2(10) =308.33
Prob>chi2  =0.0000
PseudoR2  =19.99

4. Conclusions

Previous studies on melon largely focused on its production. This study, therefore, focused on the profitability of
melon processing among rural women in Nigeria. This study shows that the processing of melon plays a significant
role in the livelihood of women in rural areas as it serves as their major source of income and livelihood in the study
area. The decision of women to process melon as a major occupation was positively influenced by marital status,
household size, cooperative memberships, income from melon processing, and the price of processed melon, but
negatively influenced by educational qualification. Processing of melon was a profitable venture among the women
processors and gave a relatively high net return on investment. The factors that enhanced the profitability of melon
processing among women processors were the price of processed melon, access to the market, major occupation, and
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marital status, while the cost of processing and transportation costs inhibited it.

The study recommends government intervention in the processing of melons by subsidising the shelling machine
to reduce the cost of processing. The government should also improve infrastructure, such as roads, which will reduce
the high cost of transportation due to bad roads. The provision of accessible and affordable financial assistance to
women melon processors by government and non-governmental organizations in the form of grants or credits is critical,
as this would increase their productivity from small to large scale. This would encourage more participation in melon
processing, especially by the youth, thereby solving the problems of unemployment and poverty facing the country.
Also, the women processors need to be encouraged to form and join cooperative societies where they can pool
resources to solve their financial challenges and get useful price information. This can be achieved by designating more
extension agents to the study area who will educate them on the importance of a cooperative society and how to operate
it effectively.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Isparta Elma Bahcelerinde Zararh Tetranychus urticae Koch (Acari: Tetranychidae)
Popiilasyonlarimin Spiromesifen+Abamectin, Spirodiclofen, Milbemectin Diren¢
Diizeylerinin Belirlenmesi

Determination of Spiromesifen+Abamectin, Spirodiclofen, Milbemectin Resistance Levels of
Pest Tetranychus urticae Koch (Acarina: Tetranychidae) Populations in Isparta Apple
Orchards

Kevser ULUKAYA! Recep AY?

Oz

Iki noktal kirmiz1 ériimeek, Tetranychus urticae Koch (Acari: Tetranychidae) elma bahgelerinde ekonomik kay1p
olusturan dnemli zararlhlardan birsidir. Kisa siireli biyolojileri nedeniyle kullanilan akarisitlere ¢ok kisa siirede
direng gelistirmektedirler. Bu nedenle etkili bir kimyasal miicadele i¢in 7. urticae popiilasyonlarinin akarisitlere
gosterdikleri duyarlilik diizeyleri periyodik olarak izlenmelidir. Bu ¢alismada, Isparta ili ve ilgelerinden yogun
elma iiretimi yapilan alanlardan toplanan 10 farkli 7% urticae popiilasyonun spiromesifen + abamectin karigim
formiilasyonuna, spirodiclofen ve milbemectin’ e karsi diren¢ oranlar1 belirlenmistir. Bu popiilasyonlarin
spiromesifen + abamectin karsimina, spirodiclofen ve milbemectin’ e karsi direng olup olmadigini belirlemek igin
oncelikle T urticae’ nin hassas yesil formu (German susceptible strain; GSS) popiilasyonun LCso ve LCoo degerleri
ilaglama kulesi - yaprak disk yontemi ile belirlenmistir. Hassas popiilasyon belirlenen LCoo degeri ayrici doz olarak
kabul edilmis ve toplanan 7. urticae popiilasyonlarina uygulanarak direng olup olmadigi belirlemistir. Ayrici
dozda %80’ den daha az &liim olan popiilasyonlar direncli kabul edilmis ve LCso degerleri belirlenmistir. Bu bahge
popiilasyonlarinin LCso degerleri hassas GSS popiilasyonun LCso degerine oranlanarak direng oranlari
bulunmustur. Ayrici doza gore spirmesifen + abamectin karigimina elma bahgelerinden toplanan 10 adet 7. urticae
popiilasyonundan 6 popiilasyon, spirodiclofen’ e 6, milbemectin’ e ise 3 popiilasyon direng gelistirmistir. Bu bahge
popiilasyonlarinin LCso degerleri spiromesifen + abamectin karigimina 1.01-168.35 mg a.i. I'!, spirodiclofen’e
0.43-3.32 mg a.i. I'! ve milbemectin’e 1.41-2.79 mg a.i. "' arasinda degismistir. Direng oranlari ise spiromesifen +
abamectin karigimina 1.89 - 315.31 kat, spirodiclofen’e 6.49 - 13.01 kat, milbemectin’ e 2.98 - 5.89 kat arasinda
olmustur. Elde edilen bu sonuglara gore spiromesifen+abamectin karisimina bazi popiilasyonlarda direng gelisimi
baglamis, bazilarinda direng gelismistir. Spiromesifen+abamectin karisimina direng gelismis popiilasyonlarda
spirodiclofen ve milbemectin’ e de capraz direng gelismistir.

Anahtar Kelimeler: Direng, Karisim formiilasyon, Milbemectin, Spirodiclofen, Spiromesifent+abamectin,
Tetranychus urticae
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Abstract

The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae) is one of the important pests that
cause economic losses in apple orchards. Due to their short-term biology, they develop resistance to acaricides
used in a very short time. Therefore, for an effective chemical control, the susceptibility levels of 7. urticae
populations to acaricides should be monitored periodically. In this study, resistance rates of 10 different 7. urticae
populations collected from areas with intensive apple production in Isparta province and its districts against
spiromesifen + abamectin mixture, spirodiclofen and milbemectin were determined. In order to determine whether
these populations are resistant to spiromesifen + abamectin, spirodiclofen and milbemectin, first of all, the LCso
and LCoo values of the susceptible green form (German susceptible strain; GSS) population of 7. urticae were
determined by spray tower-leaf disc method. The LCoo value determined in the susceptible population was
accepted as the differential dose and applied to the collected 7. urticae populations to determine whether there was
resistance. Populations with less than 80% mortality at the differential dose were considered resistant and LCso
values were determined. Resistance rates were found by dividing the LCso values of these orchard populations to
the LCso value of the susceptible population. According to the diagnostic dose, 6 populations from 10 7. urticae
populations collected from apple orchards to the spirmesifen + abamectin mixture, 6 populations to spirodiclofen
and 3 populations to milbemectin were developed resistance. The LCso values of these orchard populations ranged
from 1.01-168.35 mg a.i. I"! for spiromesifen + abamectin mixture, 0.43-3.32 mg a.i. I'! for spirodiclofen, and 1.41-
2.79 mg a.i. 1! for milbemectin. The resistance rates were 1.89 - 315.31 fold for spiromesifen + abamectin mixture,
6.49 - 13.01 fold for spirodiclofen, 2.98 - 5.89 fold for milbemectin. According to these results, some populations
started to develop resistance to the spiromesifen + abamectin mixture, while resistance developed in some
populations. Cross-resistance has also developed in spirodiclofen and milbemectin in populations resistant to the
spiromesifen+abamectin mixture.

Keywords: Resistance, Mixture formulation, Milbemectin, Spirodiclofen, Spiromesifen + abamectin, Tetranychus
urticae

633



Ulukaya & Ay
Isparta Elma Bahgelerinde Zararli Tetranychus urticae (Acari: Tetranychidae) Populasyonlarinin Spiromesifen + Abamectin, Spirodiclofen, Milbemectin Direng
Duizeylerinin Belirlenmesi

1. Giris

Tiirkiye’ nin Orta Anadolu Bolgesi Nigde, Konya, Karaman ve Giineyde ise dzellikle Isparta illerinde yogun
olarak elma yetistiriciligi yapilmaktadir. Tirkiye’ de 2020 yilinda toplam 4.300.486 bin ton elma iiretimi
yapilmistir ve bunun yaklagik 486 bin tonu Isparta bdlgesine aittir (Anonim, 2021). Elma, dekar alandan alinan
tiriniin fazla olmasi, bol ¢esitli olmasi, soguk iklimlere dayanikli olmas1 bakimmdan 6nemli ve {iretici tarafindan
tercih edilen bir meyve tiiriidiir (Ozongun ve ark., 2014). Elmanin iiretim kosullar1 disinda ayrica kalitesini ve
verimini etkileyen bircok zararlis1 da bulunmaktadir. Kirmizi ériimcekler elma bahgelerinde elma i¢ kurdundan
sonra en ¢ok zarar yapan ve ila¢ uygulanan zararlilardir (Yorulmaz ve ark., 2010).

Tetranychus urticae Koch (Acari: Tetranychidae), sebze ve siis bitkilerinde, sera alanlarinda, meyve bahgeleri
vb. alanlarda ekonomik kayiplara neden olan polifag bir zararlidir. Tetranychus urticae* nin yasam dongiisii
yumurta, larva, iki nimf dénemi (protonimf ve deutonimf) ve erginden olusmaktadir (Fasula ve Denmark, 2003).
Elma bahgelerinde yapraklarin alt ylizeyinde beslenmeyi tercih eden 7. urticae gévde ve yapraklarda ag orer ve
bitkinin 6zsuyunu sokup emerek yaprak hiicrelerini deler, klorofil pigmentlerine zarar verir, fotosentezi engeller,
yapraklar renk degistirir, sararir, solar, kurur ve bitki dliir.

Tetranychus urticae, konuk¢u ve ekolojik kosullarin uygun olmasi halinde bir yilda birden fazla dol
verebilmektedir. Kisa yasam dongiisiinden dolay1 savasiminda kullanilan kimyasallara direng gelistirmektedirler
(Van Leeuwen ve ark., 2005). Insektisit direnci, zararl popiilasyonlara kars1 etkili olan kimyasallarin uzun siire
kullanilmas1 sonucunda zararli popiilasyonlarda kullanilan kimyasala karsi hassasiyet kaybinin olugmasi
durumudur. Insektisit direncini "Diinya Saglik Orgiitii (WHO); normal bir popiilasyondaki bireylerin ¢ogunu
oldiirdiigii tespit edilen zehirli bir maddenin belirli bir dozuna kars1, ayn tiiriin diger popiilasyondaki bireylerinin
tolerans kazanma yeteneginin gelismesi seklinde tanimlamistir” (Ay ve Giirkan, 2005).

Direng gelistirme nedenlerinin belirlenmesi i¢in insektisitlerin etki mekanizmalariin bilinmesi de 6nemlidir.
Zararlilarin insektisitlere karsi direng gelistirmesine neden olan etki mekanizmalari; zararlinin ilaci viicuduna az
almasi, detoksifikasyonun artmasi ve hedef bolgenin duyarsizlagmasidir. Direng mekanizmalarinin bilinmesi iki
acidan oOnemlidir: capraz diren¢ olusup olusmadigini belirlemek ve alternatif insektisitlerin segimini
kolaylastirmaktadir (Ay ve Kara, 2009).

Diinya’ da oldugu gibi iilkemizde de 7. urticae ile miicadelede alternatif savasim yontemleri olmasina ragmen
giiniimiizdeki treticiler kisa siirede etki gosteren, uygulamanin kolay oldugu kimyasal miicadele yontemini daha
cok tercih etmektedirler. Kullanilan kimyasallarin avantajlarinin yaninda bazi dezavantajlar1 da vardir. Yogun,
bilingsiz ve kontrolsiiz uygulanan kimyasallar ¢evre kirliligine, hedef dis1 organizmalarin olumsuz etkilenmesine,
ekolojik dengenin bozulmasina ve bircok bocek, akar tiiriinde direng gelistirmesine neden olmaktadir. Kimyasal
uygulamalar disinda gevre kosullari, fizyolojik etkenler, kalitsal etkenler ve biyolojik etkenlerde direnci etkileyen
faktorlerdendir (Turan ve ark., 2016).

Diinya’ da ve iilkemizde kirmizi 6riimceklerin savasiminda birgok kimyasal ilag ruhsatlandirilmistir (Ay, 2006).
Ayrica son yillarda iiretici firmalar ve ireticiler karigim ilaglar1 direng yonetiminde ¢oziim olarak gormektedir.
Ancak iilkemizde ve diinyada kirmizi oriimceklerin karisim ilaglara karsi direng durumlan ile ilgili ¢alisma
bulunmamaktadir (Anonim, 2022). Bu g¢alismada, Isparta ili ve g¢evresinde yogun elma iiretimi yapilan farkl
alanlardan toplanan 7. wrticae popiilasyonlarinda bir karisim ilag olan spiromesifent+abamectin ve onlarin
karigimlari ile ayni gruptan olan milbemectin ve spirodiclofen ilaglarina kars1 duyarlilik diizeyleri ve bu ilaglarin
arasinda bir ¢apraz direng olup olmadig1 incelenmistir.

2. Materyal ve Metot
2.1. Materyal

Calismanin ana materyalini, 2020 yilinda Isparta ili ve ¢evresinde yogun elma iiretimi yapilan alanlardan
toplanan 7. urticae yesil formu popiilasyonlar ile akarisitlerden spiromesifen+abamectin karisimi, spirodiclofen
ve milbemectin etkili maddeye sahip formiilasyonlar olusturmustur.
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2.1.1. Tetranychus urticae' nin toplanmasi ve iiretilmesi

Calismada kullanilan popiilasyonlarin isimleri, yerleri ve toplanma tarihleri 7ablo I’ de verilmistir. Biitiin 7.
urticae popiilasyonlari Isparta ili elma bahgelerinden toplanmistir. Toplanan popiilasyonlar buz kutusu icerisinde
Isparta Uygulamali Bilimler Universitesi, Ziraat Fakiiltesi, Bitki Koruma Boliimiindeki Bdcek Toksikolojisi
laboratuvarina getirilmistir. Popiilasyonlar binokiiler altinda incelenerek degisik donem 7. wrticae bireyleri
secilmis ve firga yardimiyla barbunya bitkisine aktarilarak kiiltiirler olusturulmustur. Bu ¢alismada kullanilan
hassas T. urticae (GSS) popiilasyonu Isparta Uygulamali Bilimler Universitesi, Ziraat Fakiiltesi, Bitki Koruma
Boliimiinde ilagsiz bir ortam da iiretimi uzun yillardir devam ettirilmektedir. 7. urticae hassas popiilasyonu 1965
yilindan itibaren, boliimiimiizde ise 20 yildir ila¢ uygulamas1 yapilmadan iklim kabinlerinde yetistirilmektedir.
Kiiltiirler 26+1 °C sicaklikta %60-65 orantili nem ve floresan lambalarla 16 saat aydinlik, 8 saat karanlik kosullarda
iklim odalarinda yetistirilmistir.

Tablo 1. Toplanan Tetranychus urticae popiilasyonlarina ait bilgiler

Table 1. Collection details of Tetranychus urticae populations

Popiilasyonun adi Toplandig: yer Toplandig tarih
GL-1 Gelendost 08.08.2020
GL-2 Gelendost 20.07.2020
TP Egirdir-Tepeli kdyi 20.07.2020
BK Egirdir-Balkir1 koyii 08.08.2020
GN-1 GoOnen 27.07.2020
GN-2 GoOnen 27.07.2020
GN-3 GoOnen 27.07.2020
GN-4 GoOnen 27.07.2020
SK Sarkikaraagag 08.08.2020
OK ISUBU, Zir. Fak. Aras. Uyg. Cift. 08.08.2020
2.1.2. Akarisitler

Calismada kullanilan spiromesifen+abamectin karisim formiilasyonu (Interrupt SC 240; spiromesifen 228.6
g/l + abamectin 11.4g/l, Bayer CropScience) 2014 yilinda, spirodiclofen (Envidor 240 g/1; sprodiclofen 240g/1,
Bayer CropScience) 2004 yilinda ve milbemectin E.C. (Milbeknock E.C.; milbemectin 9.3 gr/l, Sumi Agro) 2007
yilinda {ilkemizde ruhsatlandirilan insektisit-akarisittirlerdir.

2.2.Metot

Isparta ili elma bahgelerinden toplanan 7. urticae popiilasyonlarin ¢alismada kullanilan akarisitlere direngli
olup olmadiklarini belirlemek igin ayirict doz kullanilmistir. Hassas popiilasyonun %90’ ninm1 6ldiiren ve bahge
popiilasyonlarinda %80’ den daha az 6liime neden olan doz ayirici doz olarak kabul edilmistir (Dennehy ve ark.,
1987; Ay, 2005). Bu amagla 6nce hassas GSS popiilasyonun caligmada kullanilan akarisitlere gdstermis oldugu
LCoodozu belirlenmis ve bahge popiilasyonlarinda ayirici doz olarak kullanilmistir. Bu dozlarda %80’ den az 6liim
olan popiilasyonlar ise direngli popiilasyon olarak belirlenmistir. Calismada kullanilan akarisitler etki
mekanizmalarma gore 7. wurticae’ nin larva veya ergin donemlerine ve en az ii¢ tekerriirlii olacak sekilde
uygulanmistir. Kontrol grubu igin sadece saf su uygulanmistir. Abbott (1925)' e gore etki belirlenmistir ve
etkinin %80' den az oldugu popiilasyonlar direngli olarak kabul edilmistir. Direngli kabul edilen popiilasyonlarda
asagida belirtilen yontem ile LC degerleri belirlenmistir. Abbot (1925) formiilii (Es.1);

Diizeltilmis % 6lim = X-Y/ X x 100 Es.1
X: Kontrol gruplarindaki canlilik yiizdesi Y: flag uygulanan gruptaki canlhilik yiizdesi
2.2.1.Biyoassay ¢calismalar
2.2.1.1. Ila¢ konsantrasyonun hazirlanmast

Tetranychus urticae’ nin spiromesifen+abamectin, spirodiclofen, milbemectin’ e karsi LCso ve LCoo degerlerini
belirlemeden 6nce 6n ¢alismalar yapilarak yaklasik %90-99 6liim veren dozlar saptanmistir. Belirlenen bu doz her
seferinde 1/2 oraninda saf su ile seyreltilmistir. LCso ve LCoo degerlerinin belirlendigi ¢aligmalarda bu dozlarin
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popiilasyonlarda yaklasik %10 ve %90-99 6lim veren dozlar arasinda dagilim gdstermesi saglanmstir. Ergin ve
larva dénemi denemelerinde 5-7 doz + 1 kontrol (saf su uygulanan)’ de 3 tekerriir olacak sekilde kurulmustur.
Herbir tekerriirde yaklasik 25-30 adet birey olmasi saglanmistir. Calismada spiromesifentabamectin ve
milbemectin ergin déneme etkili oldugu i¢in biyoassay denemeleri ergin donemde yapilmustir. Spirodiclofen ise
ergin donemin yaninda larva déneminde etkili oldugu i¢in biyoassay denemeleri larva doneminde yapilmistir.

2.2.1.2.1laclart larva donemine uygulanmasi

Spirodiclofen etkili maddelerine sahip pestisitler T. wurticae larva donemine uygulanmustir. Ilaglarin
uygulanmasinda ilaglama kulesi-yaprak disk yontemi kullanmilmistir. Capt 6 cm olan petrilere %1' lik agar
hazirlanarak ve iizerine 4 cm capinda barbunya yaprak diskleri konulmustur. Denemelerde kullanilacak ayni
donem larvalari elde etmek i¢in hazirlanan yaprak disklere 10 adet ergin disi bireyler binokiiler altinda bir firca
yardimiyla aktarilmis ve 24 saat sonra ergin disi bireyler uzaklastirilmistir. Birakmis olduklar1 yumurtalar her giin
gozlenerek larva cikis belirlenmistir. Yumurtalardan ¢ikan 0-24 saatlik larvalar hazirlanan yaprak diskler {izerine
yaklagik 25 adet olacak sekilde binokiiler altinda firga yardimiyla aktarilmistir. Petriler hazirlanan ilag
konsantrasyonlart ile ilaglama kulesi (Auto Loaded Burkard Scientific England) kullanilarak 1 bar basing da her
petriye 2 ml ilag piskiirtiilerek ilaglanmistir. Kontrole sadece saf su uygulanmistir. Petriler yaklagik 30 dk.
havalandirilarak, 26 + 1 °C sicaklik, %60-65 nem ve 16:8 fotoperiyod kosullarina sahip iklim kabinlerine
aktarilmistir. Olii canl degerlendirmesi 7. giinde yapilmustir (Yorulmaz Salman ve Ay, 2014).

2.2.1.3.1laclarin ergin doneme uygulanmasi

Spiromesifent+ abamectin ve milbemectin etkili maddelerine sahip akarisitler 7. wurticae ergin donemine
uygulanmustir. Ilaglarn uygulanmasinda ilaglama kulesi-yaprak disk yontemi kullanilmistir. Capt 6 cm olan
petrilere %]1' lik agar hazirlanarak ve {izerine 4 cm capinda barbunya yaprak diskleri konulmustur. Yaprak
disklerinin her birine tesadiifen segilen yaklasik 25 adet 7. urticae ergin disiler binokiiler altinda bir fir¢a yardimi
ile aktarilmgtir. Petriler hazirlanan ilag konsantrasyonlart ile ilaglama kulesi (Auto Loaded Burkard Scientific
England) kullanilarak 1 bar basing da her petriye 2 ml ilag¢ piiskiirtiilerek ilaglanmistir. Kontrole sadece saf su
uygulanmistir. Petriler yaklasik 30 dk. havalandirilarak, 26 £+ 1 °C sicaklik, %60-65 nem ve 16:8 fotoperiyodik
kosullarina sahip iklim kabinlerine aktarilmistir. Olii canli degerlendirmesi 48 saat sonra yapilmistir (Yorulmaz
Salman ve Ay, 2014).

Tetranychus urticae popiilasyonlarmin ergin dénemleri icin 48 saat ve larva dénemleri i¢in 7 giin sonunda
yapilan 6lii canli degerlendirmesinden yaralanilarak PoloPlus bilgisayar paket programinda (LeOra Software,
1994) LCso ve LCoo degerleri belirlenmistir. Denemede kullanilan biitiin 7. urticae popiilasyonlari i¢in LCso ve
LCoo degerlerinin standart hassas popiilasyona ait LCso ve LCoo degerine oranlanmast ile spiromesifen+abamectin
ve milbemectin icinpopiilasyonlarin diren¢ oranlar1 elde edilmistir (Yorulmaz Salman ve Ay, 2014).
Popiilasyonlarin benzerlik karsilagtirmasida PoloPlus’ a gore yapilmistir.

3. Arastirma Sonuclari

Bu c¢alismada kullanilan spiromesifen+abamectin, spirodiclofen, milbemectin ilaglarinin hassas GSS
popiilasyonunda LCoo degerleri belirlenmistir. Belirlenen LCoo degeri ayrict (diagnostik) doz olarak kabul
edilmistir. Ayrici doz, hassas akarlar1 6ldiirmek i¢in gerekli olan minimum veya tiim duyarl: bireyleri 6ldiirerek,
direncli bireylerin hayatta kalmasina izin veren dozdur (Devine ve Ogusuku, 2009). Dolayist ile toplanan 7. urticae
popiilasyonlarma karsi direncin varligmi belirlemede ayirict doz o6nemlidir. 7. wrticae’ nin hassas GSS
popiilasyonunda belirlenen ayrict dozlar Tablo 2’ de verilmistir. Her ilag i¢in hassas popiilasyonlarda belirlenen
LCoodegeri Isparta ili ve ¢evresindeki farkli bolgelerden toplanan 10 adet 7. urticae popiilasyonuna uygulanmustir.
Elma bahgelerinden toplanan popiilasyonlarda %80’ den daha az &liim olanlar direngli kabul edilmistir ve bu
popiilasyonlarin direng oranlar1 belirlenmistir.

636



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2022, 19(3)

Tablo 2. Tetranychus urticae’ nin hassas popiilasyonu GSS’ de akarsitlerin beirlenen ayirict dozlar
Table 2. Determined diagnostic doses of acaricides in the susceptible population (GSS) of Tetranychus

urticae
Populasyon  Akarisit n? X? /DF/ PP H®  Slope+SE LCoy (mg a.i. I'")

(95% CIY)

Spiromesifen 432 6.9770/4/0.1371 1.7442 1.839+0.237 2.66
+abamectin (1,53-9.09)

GSS Spirodiclofen 975 4.5165/4/0.3406 1.1291 2.133+0.190 1.64
(1.28-2.27)

Milbemectin 1077 6.1337/5/0.2934 1.2267 1.634+0.105 2.88
(2.17-4.18)

a: denemede kullanilan birey sayisi; b:ki kare/serbestlik derecesi /p-degeri; c:heterojenlik; d: giiven araligi

Bahge popiilasyonlarinda spiromesifen+abamectin karisiminin hassas GSS popiilasyonunda belirlenen ayirici
dozunda %80’ den daha az 6liim olan GN-1, BK, GL-1, GL-2, TP ve SK popiilasyonlar spiromesifen+abamectin
karisimimin direngli kabul edilmistir. Bu popiilasyonlarin LCso degerleri belirlenerek hassas popiilasyonun LCso
degerine oranlanarak direng oranlar1 bulunmustur. GN-3, GN-2, OK ve GN-4 popiilasyonlari
spiromesifen+abamectin karisiminin ayirict dozunda %80’ den fazla 6liim oldugu igin direngsiz kabul edilmistir
(Tablo 3).

Direngli olarak kabul edilen bahge popiilasyonlarin LCso degerlerine gore spiromesifen+abamectin’ e karsi
gostermis olduklari direng oranlari 1.89-315.31 kat arasinda degismistir. Spiromesifen+abamectin karigim ilacina
kars1 en yiiksek direng oran1 GL-2 popiilasyonunda, en diisiik diren¢ oran1 GN-1 popiilasyonunda belirlenmistir.
T. urticae spiromesifent+abamectin’ e karsi belirlenen LC degerleri ve direng oranlar1 Tablo 4 de verilmistir.

Popiilasyonlarin spiromesifen+abamectin gostermis olduklari tepkiler, yapilan benzerlik testine gore biitiin
populasyonlar hassas GSS popiilasyonundan farkli olmustur (P<0.05). Doz-tepki grafiklerinin egimleri
karsilastirildiginda BK ve TP popiilasyonlarmin egimleri hassas GSS popiilasyonu ile paralel olmustur (P>0.05).
GN-1, SK, GL-1 ve GL-2 popiilasyonlarinin doz-tepki grafiklerinin egimleri ise hassas GSS popiilasyonun
egiminden onemli derecede farklilik gostermistir (P<0.,05).

Tablo 3. Tetranychus urticae popiilasyonlarinin spiromesifen+abamectin’ in ayrici dozuna karst
gosterdikleri oliim oranlart
Table 3. Mortality rates of Tetranychus urticae populations at diagnostic dose of
spiromesifen+abamectin

Toplanan popiilasyonlar % Oliim Etkisi
GN-1 59.28
BK 59.81
GN-3 81.28
GN-2 87.48
OK 92.71
GN-4 91.98
GL-2 0.00
TP 8.21
GL-1 6.13
SK 62.36

Elma bahglerinden toplanan 7. wurticae popiilasyonlariin spirodiclofen’ in ayrici dozundaki 6liim oranlari
Tablo 5’ de verilmistir. Spirodiclofen’ nin ayric1 dozunda %80’ den daha az 6liim olan BK, OK, GL-1, GL-2, TP,
GN-2 ve SK popiilasyonlar1 direngli ve %80’ den fazla 6liim olan GN-3, GN-1 ve GN-4 popiilasyonlari direngsiz
kabul edilmistir.
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Tablo 4. Tetranychus urticae popiilasyonlarinin spiromesifen+abamectin' e karsi belirlenen lethal

konsantrasyonlari ve direng oranlari

spiromesifen+abamectin

Table 4. Lethal concentrations and resistance ratios of Tetranychus urticae populations against

Population n* X?/DF/P® H° Egim+SE LCs (mga.i.l") LCy (mg a.i. I'") RR LCs¢*° RR LCo*
(95% CI%) (95% CI%)
GSS 432  6.98/4/0.14 1.74 1.84+0.24 2.66 - -
(1.53-9.09)
BK 561 6.33/5/0.28 1.27 2.27+0.40 2.77 10.14 5.18 3.82
(1.46-3.84) (6.84-26.89) (351-7.65)  (2.22-6.57)
GN-1 494 7.00/4/0.14 1.75 2.82+0.30 1.01 2.87 1.89 1.089
(0.69-1.35) (2.04-5.33) (136-2.61)  (0.68-1.71)
SK 480 3.00/4/0.56 0.75 3.45+0.44 1.16 2.72 2.17 1.03
(0,96-1.34) (2.28-3.52) (1578-3.00)  (0.65-1.61)
TP 621 4.03/5/0.55 0.81 1.89+0.18 64.04 304.14 119.94 114.51
(51.23-78.04) (234.68-428.05)  (84.60- 170.04) (69.67- 188.22)
GL-1 667 2.30/6/0.89 0.38 1.34+0.11 23.04 209.67 43.14 78.94
(17.32-29.56) (15326-312.00)  (2931-63.51)  (46.33- 134.52)
GL-2 718 7.97/6/0.24 133 1.05+0.11 168.35 2818.29 315.31 1061.09

(107.87-255.41)

(1385.90-9581.70)

(210.70- 471.85) (503.29- 2237.11)

a: denemede kullanilan birey sayisi; b: ki kare/ serbestlik derecesi /p-degeri; c: heterojenlik; d: giiven araligy; e: direng orani (bahge
popiilasyonu LCso veya LCoo degeri/ hassas GSS popiilasyonu LCso veya LCoo degeri

Ayrici dozda %80’ den az 6liim olan bahge popiilasyonlarinin spirodiclofen’ e kars1 gdstermis olduklari direng
oranlart LCso dozuna gore 1.03-13.001 kat arasinda degismistir. Spirodiclofen’ e karsi en yiiksek direng oran1 SK
popiilasyonunda, en diisiik diren¢ oran1 GN-2 popiilasyonunda belirlenmistir. Tetranychus urticae spirodiclofen’
e kars1 belirlenen LC degerleri ve direng oranlari 7ablo 6’ de verilmistir. GN-2 popiilasyonun LCso ve LCoo
degerlerinin giiven araligina gore spirodiclefen’ e hassas GSS popiilasyonla benzer tepki gdstermistir. Diger
popiilasyonlarin ise hepsi hassas popiilasyondan farkli olmustur (p<0.05)

Tablo 5. Tetranychus urticae popiilasyonlarinin spirdiclofen’ in ayrict dozuna karsi gosterdikleri éliim

oranlart

Table 5. Mortality rates of Tetranychus urticae populations at diagnostic dose of spirdiclofen

Toplanan popiilasyonlar % Etki
GN-1 81.33
BK 19.82
GN-3 77.71
GN-2 66.77
OK 25.87
GN-4 91.37
GL-2 0.00
TP 4.44
GL-1 28.45
SK 45.96

Popiilasyonlarin spirodiclofen doz-tepki testlerine gére GN-2 popiilasyonu hassas (GSS) popiilasyon ile benzer
tepki gostermis, doz-tepki grafigi paralel olmus ve popiilasyonlar arasinda 6nemli bir farklilik belirlenmemistir

(P>0.05). SK popiilasyonu ise hassas (GSS) ile birbirinden farkli ¢ikmigtir (P<0.05) ve doz-tepki grafigi ise paralel
olmustur (P>0.05). TP, BK, GL, GL-2 ve OK popiilasyonlar1 hassas (GSS) popiilasyonu ile esit degildir ve doz-
tepki egrileri paralel olmamistir (P<0.05).
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Tablo 6. Tetranychus urticae popiilasyonlarinin spirodiclofen’ e karst belirlenen lethal konsantrasyonlart ve
direnc¢ oranlart
Table 6. Lethal concentrations and resistance ratios of Tetranychus urticae populations against

spirodiclofen
Populasyon N X%/DF/ P* H** Egim + SE Lc(sgs(«l)zggili;) ") LC(”; S(ZZgCa[‘l') ry LI({Zl:oc LI({fl:oc

GSS 975  4.52/4/034 1.3  2.13+0.19 (0,2(;'_45,55) a ,218-6;27) ) )

BK 645  7.08/5/0.22 142  4.88+0.60 (2,2%?;38) (4,355-2;4,23) (5.4?);93.93) (2-531;]2-04)
oK 557 4.32/4/036 108 3.47:038 (2’224'?32, 39) (5,265'-59?56) (5-267.-83-87) (3-04;.'051'23)
SK 663 8.76/5/0.12 175 2.49+0.24 (3‘756’_36‘?99) a 2‘91.132,64) (9‘813?'?322) (8‘01;(_)'161‘17)
TP 481 1.94/300.59  0.65 4.94+0.68 (2837'332‘73) (5,22;?;37) (6‘25‘.0‘%‘41) (2‘837.'6;‘69)
GL-1 658 1.15/50.95 023  3.80+0.38 (2‘327'_62? 99) (5‘051'?7108) (5.02'-489.34) (2.735'.52.55)
GL2 669 8.63/4/0.07096 2.16 3.20+0.27 (2‘223'-933‘72) (5.4;?;35) (5-5;.']313) (3'42;42‘80)
GN-2 470 4.3238/3/0.2286 144 2.05£0.190 (0‘201'?03, 67) (1,116'?3?34) (0.7]3?13.47) (08]6?19-50)

a: denemede kullanilan birey sayisi; b: ki kare/ serbestlik derecesi /p-degeri; c: heterogenite; d: giiven aralig; e: direng orani (bahge
popiilasyonu LCso veya LCoo degeri/ hassas GSS populsyonu LCso veya LCoo degeri

Bahge popiilasyonlarinda milbemectin’ in ayirict dozunda %80’ den daha az 6liim olan TP, GL-1 ve GL-2
popiilasyonlari direngli ve %80 den fazla 6liim olan GN-3, GN-1, GN-2, BK, SK, OK ve GN-4 popiilasyonlari
direngsiz kabul edilmistir. nan 7. urticae popiilasyonlarina milbemectin’ in ayrici dozundakidliim oranlar1 Tablo
7’ da verilmistir.

Tablo 7. Tetranychus urticae popiilasyonlarinin milbemectin' in ayrici dozuna karst géosterdikleri oliim oranm
Table 7. Mortality rates of Tetranychus urticae populations at diagnostic dose of milbemectin

Toplanan popiilasyonlar % Etki
GN-1 97.00
BK 97.25
GN-3 98.52
GN-2 96.96
TR 98.53
GN-4 98.44
GL-2 62.48
TP 19.28
GL-1 68.11
SK 100.00

Ayrici dozda %80’ den az liim olan bahge popiilasyonlarimin Mibemectin’ e kars1 gostermis olduklari direng
oranlar1 2.98-5.89 kat arasinda degismistir. Milbemectin’ e kars1 en yiiksek direng oran1 GL-2 popiilasyonunda, en
diisiik direng oran1 GL-1 popiilasyonunda belirlenmistir. Milbemectin direng oranlart Tablo 8’ de verilmistir.

Popiilasyonlarin milbemectin dozlarina gostermis olduklari tepkilere gére TP ve GL-2 popiilasyonlar1 hassas
(GSS) popiilasyonuna esit degildir (P<0.05) ve ancak doz-tepki grafikleri paralel olmustur (P>0.05). GL
popiilasyonu ise hassas (GSS) popiilasyonu ile esit degil ve doz-tepki grafikleri paralel olmamistir (P<0.05).
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Tablo 8. Tetranychus urticae popiilasyonlarinin milbemectin' e kars: belirlenen lethal konsantrasyonlari ve
direnc¢ oranlart

Table 8. LC Lethal concentrations and resistance ratios of Tetranychus urticae populations against milbemectin

LCs (mg a.i. I''Y) LCy (mg a.i. I'")

Population n*  XYDF/P® H° Slope+SE RRLCs° RR LCy*

95% CI%) 95% CI%)

GSS 1077 6.13/5/029 123 1.634+0.105 (0‘306'?07. ) (2‘127'?5 )
P 644 7.23/5020 145 204025 (1‘114'?26. 57) (5,3;?16,24) (2‘933.-953.26) (1.827.—72.04)
GL-1 580 1.50/5091 030 2.11:023 (1‘114'?]],69) (4‘450'_639, 18) (2‘3%).-9;;.86) (1.3]5'-93.89)
GL-2 480 1.63/4098 041  149:021 (2‘122'_739. 75 r 2‘(2)2;;2.99) ( 4‘255'_831 . 536_'91387)

a: denemede kullanilan birey sayisi; b: ki kare/ serbestlik derecesi /p-degeri; c: heterogenite; d: giiven aralig; e: direng orani (bahge
popiilasyonu LCso veya LCoo degeri/ hassas GSS populsyonu LCso veya LCoo degeri

4. Tartisma ve Sonug

Tetranychus urticae sebze ve siis bitkilerinde, sera alanlarinda, meyve bahgeleri vb. alanlarda ekonomik
kayiplara neden olmaktadir. Kisa yasam dongiisiinden dolay1 savagiminda kullanilan akarisitlere cok kolay direng
kazanabilme yetenegine sahiptir. Dolayist ile kullanilan kimyasallarin etki mekanizmasi, dozu olduk¢a énemlidir.
Bu ¢alismada kullanilan spiromesifen+abamectin karisim ilaci son yillarda bolgedeki elma bahgelerinde T urticae’
ye kars1 yogun olarak kullanilmaktadir. Ornek toplama sirasinda gériistiigiimiiz iireticilerinden edindigimiz bilgi
ve diger calismalar sirasinda edindigimiz izlenimde bu yondedir. Calismada kullanilan spiromesifen+abamectin,
spirodiclofen, milbemectin’ e licline birlikte ii¢ popiilasyonda (TP, GL-1 ve GL-2) direng belirlenmistir. TP, GL-
1 ve GL-2 spiromesifen+abamectin karisimina karsi en yiiksek direng gosteren ii¢ popiilasyondur. Bu sonuglara
gore spiromesifent+abamectin karisimina direng gdsteren popiilasyonlarda spirodiclofen ve milbemectin’ e karsida
capraz direng gelistigini gostermektedir. iki popiilasyonda (GN-3 ve GN-4) ise spiromesifen+abamectin,
spirodiclofen, milbemectin’ e karsi duyarliik kaybi olmamistir. Spiromesifentabamectin’ e karsi elma
bahgelerinden toplanan 10 popiilasyonundan 6’ sinda direng gelisimi veya direng belirlenmistir. Koh ve ark. (2009)’
a gore; direng oranlart RR<10 zay1f, 10<RR<40 orta, 40<RR<16 yiiksek ve 160<RR ise cok yiiksek direng olarak
siiflandirilmistir.  Spiromesifentabamectin karisimina karsi ii¢ popiilasyon diisik (BK, GN-1 ve SK), iki
popiilasyon yiiksek (TP ve GL-1), bir popiilasyon ¢ok yiiksek (GL-2) direng belirlenmistir.

Son yillarda T. urticae gibi pestisitlere direng gelistiren tiirlere kars1 farkli etki mekanizmalarina sahip etkili
maddelerin karisim formiilasyonlart kullanilmaktadir. Pestisitlerin karsim seklinde kullanilmasi direng
yonetiminde bir strateji olarak goriilmektedir (South ve Hastings, 2018). Ancak karisim formiilasyonlarin siirekli
kullanilmasinin ne gibi sorunlara neden olacagi tam olarak bilinmemektedir. Bu ¢alisma sonuglarina gore
spiromesifen+abamectin karisimima yiiksek direng gosteren popiilasyonlarda bu ilaglarla ayni gruptan olan
spirodiclofen ve milbemectin® e karsi c¢apraz direng gelismistir. Alsay (2021) laboratuvarda
spiromesifen+abamectin karsimi ile selekte ettigi ve bu karigima direng gelistiren popiilasyonlarda abamectin,
milbemectin, spirodiclofen ve spiromesifen etkili maddeli ilaglara gapraz direng gelistigini belirtmistir. Literatiir
de spiromesifen+abamectin karigim formiilasyonu ile bir diren¢ ¢alismasinin olmadigi belirlenmistir. Ancak bu
karisimda kullanilan etkili maddelere yapilmis direng ¢alismalar1 vardir. Sato ve ark., (2005) abamectin ile 5 kez
selekte edilen 7. urticae popiilasyonunda abamectin’ e kars1 342 kat direng gelistigini bildirmislerdir. Sokeli ve
ark., (2007) Isparta elma bahcelerinden toplamis olduklar 7. urticae popiilasyonlarinin abamectin’ e <1.0-1.4 kat
direng tespit etmislerdir. Kim ve ark., (2007) T. urticae popiilasyonunda 20 kez seleksiyon sonucunda abamectin’
e 11- 29 kat direng gelistirdigini belirlemislerdir. Koh ve ark., (2009) yaptiklari ¢alismada 10 elma bahgesinden
toplanan 7. urticae popiilasyonlariin abamectin’ e diigiik oranlarda direng gelistirdigini belirtmislerdir. Cagatay
ve ark., (2014) Isparta bolgesindeki elma bahgelerinden toplanan Panonychus ulmi popiilasyonlarinda abamectin’
e kars1 0.75-2.25 kat direng bulmuslardir. Ulkemizde sebze alanlarinda zararli olan 7. urticae popiilasyonlarinda
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abamectin direncini incelenmis ve bir¢ok popiilasyonda direng gelistigi belirlenmistir (Ay, 2006; Altiok 2012;
Turan ve ark, 2016; Yorulmaz Salman ve Kaplan 2014; Yorulmaz Salman ve Kocaman, 2017; Cagatay ve ark.,
2018). Tirello ve ark., (2012) giil {izerinden topladiklar1 7. urticae popiilasyonunda abamectin’ e kars1 1294 kat
direng gelistirdigini bulmuslardir. Vassiliou ve Kitsis (2013) yaptig1 ¢calismada tarla ve seralardan topladiklar 7.
urticae popiilasyonlarinda abamectin’ e kars1 3822 kat ile 1320 kat arasinda direng gelistigini bildirmislerdir.
Monteiro ve ark., (2015) T. urticae popiilasyonunda iki yil boyunca abamectin’ e maruz birakmislar ve direng
orani hassas popiilasyon ile karsilastirildiginda 2406-8272 kat arasinda degistigini bildirmislerdir. Solmaz ve ark.,
(2020) kesme ¢igek seralarindan toplanan 7. urticae popiilasyonlarinin abamectin’ e direng oranlart 1.60-850.12
kat arasinda degisiklik gostermistir. 7. urticae popiilasyonlarinin spiromesifen’ e karsi direng gelistirdigi birgok
calisma ile ortaya konmustur. Yorulmaz Salman ve Kaplan (2014) Isparta ilinde bulunan domates seralarindan
topladiklar1 7. urticae popiilasyonlarinin spiromesifen’ e kars1 8.16-22.82 kat direng gelistirdigini rapor etmislerdir.
Yorulmaz ve Ay (2012) Isparta elma bahgelerinden topladiklar1 Neoseiulus californicus popiilasyonlarinin
spiromesifen’ e karsi 4.35- 7.61 kat diren¢ gosterdigini bildirmisleridir. Sato ve ark., (2016) spiromesifen ile 20
kez selekte ettikleri 7. urticae popiilasyonunda 121 kat direng belirlemiglerdir.

Calismada kullanilan spirodiclofen’ e karsi toplanan 10 popiilasyondan 6’ si direng gostermistir. Spirodiclofen
ilacina karst 5 popiilasyon az (BK, OK, TP, GL-1 ve GL-2), bir popiilasyon orta (SK) seviyelerde direng
gostermistir. 7. wurticae popiilasyonlarinin spirodiclofen’ e karst direng gelistirdigi baska ¢alismalarda ortaya
konmustur. Turan ve ark., (2016) kavun seralarindan toplanan 7. urticae popiilasyonlarinin spirodiclofen’ e karsi
4.91-19.02 kat direng gelistigini belirlemislerdir. Yorulmaz-Salman ve Kocaman (2017) Isparta bolgesinde
karanfil seralarindan toplanan 7. wrticae popiilasyonlarmim spirodiclofen’e 30.49-118.78 kat direng
belirlemislerdir.

Caligmada kullanilan milbemectin’ e karst toplanan 10 popiilasyondan 3’ ii direngli bulunmustur. Ug
popiilasyonda direng seviyesi diisiiktiir (RR<10). Kim ve ark., (2007) 20 kez seleksiyon yapilan 7. urticae
popiilasyonunda milbemectin’ e kars1 11-29 kat direng gelistigini belirlemislerdir. Koh ve ark. (2009) 7. urticae
popiilasyonlarinin milbemectin’ e kars1 6.4 kat direng gelistirdigini saptamislardir. Nicastro ve ark., (2010)
milbemectin ile 6 kez selekte ettikleri 7. urticae popiilasyonunda direng oranin 409 kat ulastigini ve milbemectin
ve abamectin arasinda gapraz direng oldugunu belirlemislerdir.

Sonug olarak, ¢alismada kullanilan spiromesifen+abamectin, spirodiclofen ve milbemectin’ e karsi Isparta ili
ve cevresinde yogun elma tiretimi yapilan bahgelerden toplanan 7. urticae popiilasyonlarinda direng gelistigi
belirlenmistir. Spiromesifen+abamectin, spirodiclofen, milbemectin ilaglarina kars1 ii¢ popiilasyonda (TP, GL-1,
GL-2) direng belirlenmistir. Spiromesifen+abamectin, spirodiclofen, milbemectin’ e kars1 iki popiilasyonda (GN-
3 ve GN-4) ise direng belirlenememistir. Bolgede spiromesifentabamectin’ e karst en yiiksek diren¢ GL-2
popiilasyonunda, sprodiclofen’ e kars1 en yiiksek SK popiilasyonunda ve milbemectin’ e kars1 en yiiksek GL-2
popiilasyonunda belirlenmistir. Bu ¢alisma sonucuna gore Isparta ili ve ¢evresinde yogun elma iiretimi yapilan
bolgelerdeki kirmizi oriimeeklere karst yaygimn olarak kullanilan spiromesifentabamectin karigim ilacinin,
insektisit spirodiclofen’ in ve akarisit milbemectin’ in 7. urticae popiilasyonlarinda duyarlilik kaybinin oldugu
goriilmektedir.

Uygulamanin kolay olmasi, zamandan tasarruf edilmesi, maliyetin ve is giiciiniin azalmasindan dolay1
kimyasal miicadele diger miicadele yontemlerine gore iireticiler tarafindan daha gok tercih edilmektedir. Miicadele
yapilirken yapilan hatalar ¢evrenin kirlenmesine, hedef dis1 organizmalarin olumsuz etkilenmesine ve en énemlisi
diren¢ problemine neden olmaktadir. Bu yiizden kimyasal miicadele yapilirken popiilasyonlarin direng diizeyleri
stirekli belirlenmelidir. Bu sayede yanlis, bilingsiz ilag kullanimimin ve diren¢ probleminin 6niine gecilebilir.
Zararlilarin direng gelistirmesini 6nlemek veya geciktirmek icin {ireticilerin bazi konularda bilinglendirilmeli ve
alternatif miicadele yontemlerine yer verilmelidir (Sen vd., 2019; Sular ve ark. 2019 ve Balc1 ve ark., 2020). Dikkat
edilmesi gereken en 6nemli hususlardan biri de uygulama dozu olup, s6z konusu pestisitler sadece Onerilen
dozlarda uygulanmalidir. Diger yandan miicadele igin gevrede kalict olmayan ve etki siiresi kisa pestisitler
secilmeli, ila¢ rotasyonu uygulanmali, az siklikta ilaglama yapilmali, zararlilarin donemlerine uygun ilag secilmeli
ve hedef dis1 organizmalara etkisinin olmadig bilinen segici ilaglar kullanilmalidir. Kirmizi 6riimeek gibi dogal
diismanlar1 olan zararli gruplarinda entegre miicadele yontemlerine uygun miicadele yapilmalidir. Entegre
miicadele programlari igerisinde direng yonetim programlari olusturulmali ve alternatif miicadele yontemlerine
daha ¢ok yer verilmelidir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Kirecli Topraklarda Farkh Kiikiirt Formlar ile Biyokomiir Uygulamalarimin Turp
Bitkisinin (Raphanus sativus) Gelisimine EtkKisi

The Effects of Different Sulfur Forms and Biochar Applications on The Development of Radish
(Raphanus sativus) in Calcareous Soils

Aysen AKAY"

Oz

Turpun besin maddesi ihtiyacinin karsilanmasi ve yiiksek kalitede iiriin alinmasinda kiikiirt(S) énemli bir yer
tutmaktadir. Biyokdmiir uygulamalar toprak kalitesini ve bitki gelisimini olumlu etkilemektedir. Calisma; 6nemli
bir tarim potansiyeline sahip olan ve I¢ Anadolu’da yer alan Konya kiregli topraklarinda yetistirilen turp bitkisinin
kiikiirtlii giibre isteginin belirlenmesi amaciyla yiiriitilmistiir. Caligmada biyokdmiir uygulamasinin bitkinin
kiikiirtten yararlanma durumuna ve bitki gelisimine etkisinin belirlenmesi ve turp i¢in uygun kikiirtlii giibre
dozunun tespiti de amaglanmigtir. Calismada; elementel-S (0- 200-400 mg/kg), SO42-S (0-25-50 mgkg™!) ve
yetistirme topragina ii¢ dozda biyokomiir (0, %1 ve %2) uygulanmistir. Bitki materyali 8TR-17 findik turp
(Raphanussativus var.) ¢esididir. Elde edilen sonuglara gore; artan S dozlari ile yaprak klorofil SPAD degerleri,
bitki boyu, yumru agirligi, deneme sonunda toprakta kalan kiikiirt konsantrasyonu degerleri kontrole kiyasla
onemli farkliliklar gostermistir. Biyokdmiir dozlar1 ve S uygulama formlari arasindaki etkilesimde; yaprak klorofil
SPAD degerleri, bitki boyu, yumru agirhigi ve toprakta kalan S (mgkg™") degerleri kontrole kiyasla énemli oranda
farkliliklar gostermistir. Klorofil SPAD degeri 23.3-34.8; yaprak boyu 5.59-6.49 cm, yaprak sayisi 2.98-4.06
adetbitki™!, yaprak agirlig1 6.01-10.45 gsakst™!, gévde boyu 0.75-2.23 cmbitki™! ve gévde ¢ap1 da 1.5-15.24 cmbitki-
!arasindadir. Yumru agirhgi ortalamalari 0.136-4.566 grsaksi! arasindadir ve biyokdmiir uygulamalari kontrole
kiyasla artis saglamistir. Bu artiglar 6zellikle SO42-S uygulamasinda énemlidir. Toprakta kalan S konsantrasyonu
13.40-94.43 mgkg™' arasindadir; S giibreleri, S dozlari, biyokdmiir uygulamalari ile 6nemli farklilik gostermistir
(p<0.05). Deneme sonunda toprak pH degeri; kiikiirt dozlarina ait ortalama degerler dikkate alindiginda kontrole
kiyasla 0.07 birimlik bir diisiis gostermistir ve bu deger istatistiki yonden de 6nemli olmustur (p<0.01). Sonug
olarak findik turpu yetistiriciliginde, eger kum orani diisiik killi tinli toprakta calisilacaksa %2 dozunda biyokdmiir
uygulamast ile iyi bir bitki gelisimi ve yumru tesekkiiliiniin olacagi disiiniilmektedir.

Anahtar Kelimeler: Elementel kiikiirt, Siilfat kiikiirt, Biyokdmiir, Turp, Kiregli toprak
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Abstract

Sulfur (S) has an important place in meeting the nutritional needs of radish and obtaining high quality products.
Biochar applications affect soil quality and plant growth positively. The study was carried out to determine the
sulfur fertilizer demand of the radish plant grown in the calcareous soils at Konya that located in Central Anatolia,
which has an important agricultural potential. In the study, it was aimed to determine the effect of biochar
application on the plant's use of sulfur and plant growth, and the appropriate sulfur(S) fertilizer dose for radish. In
the study, elemental-S (0- 200-400 mgkg™), SO42-S (0-25-50 mgkg™") and biochar (0- 1% - 2%) were applied to
the cultivation soil. Plant material is 8TR-17 hazelnut radish (Raphanus sativus var.) variety. According to the
results obtained, leaf chlorophyll SPAD values, plant height, tuber weight, the remaining S (mgkg™!) concentration
in the soil at the end of the experiment were significantly different with increasing S doses compared to the control
(p<0.01). Leaf chlorophyll SPAD values, plant height, tuber weight and the remaining S (mgkg™') concentration
in the so0il(p<0.01) and stem diameter (p< 0.05) showed significant differences compared to the control at the
interaction between biochar doses and S application forms. The chlorophyll SPAD value varied between 23.3and
34.8, leaf length varied between 5.59 and 6.49 cm, the number of leaves varied between 2.98 to 4.06 piecesplant’
! and leaf weight varied between 6.01 to 10.45 gpot™'. Stem length varied between 0.75 to 2.23 cmplant™! and stem
diameter varied between 1.5 to 15.24 cmplant™!. Tuber weight averages ranged from 0.136 to 4.566 gpot™! and with
the biochar applications increased compared to control. These increases are especially important in the SO42-S
application. The remaining S (mgkg™") concentrations in the soil are between 13.40 to 94.43 mgkg™!. These values
showed significant differences with S fertilizers, S doses and biochar applications (p<0.05). At the soil pH value
at the end of the experiment considering the mean values of sulfur doses, showed a decrease of 0.07 units compared
to the control and this value was statistically significant (p<0.01). As a result, it is thought that good plant growth
and tuber formation will be achieved with the application of 2% biochar in the cultivation of hazelnut radish, when
the sand content is low and partially clayey loam soil will be used.

Keywords: Elemental sulfur, Sulfate sulfur, Biochar, Radish, Calcareous soil
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Akay
Kiregli Topraklarda Farkli Kiikiirt Formlari ile Biyokomiir Uygulamalarmin Turp Bitkisi (Raphanus sativus) Gelisimine Etkisi

1. Giris

Turp (Raphanussativus L.), Brassicaceae (Cruciferae) familyasina ait olup; yaklasik 3 bin y1l dncesine dayanan
ekimine ait tarihi kayitlar ile bilinen en eski kok sebzelerden biridir. Biiyiik olasilikla kdkeni Avrupa'nin giineyi
veya Asya'nin giineydogusundadir. Bu sebze 16. yiizyilda Ingiltere ve Fransa'da tanitilmustir, 19. yiizy1l doneminde
ise bitkinin cesitleri Amerika'da ve Brezilya'da bilinmekteydi (Camargo, 1981; Ramamurthy ve ark.,2015).
Ozellikle kiigiik giftliklerde ve gok gesitli kék mahsullerinin bulundugu alanlarda yaygin olarak yetistirilen bir
bitkidir. Kisa dongiide {iretim sistemlerinde rotasyon dongiisiiniin bir pargasi olarak yetistirilebildiginden dolay1
turp ilging bir 6zellige sahiptir. En ¢ok yenen kismi kazik koklii olan boliimiidiir, bu kismu farkli sekil, renk ve
iriliktedir; goriiniimlerine gore findik, kestane, kirmizi, bayir turpu gibi isimleri bulunmaktadir (Vural ve ark.,
2000); ancak bitkinin st kisimlar1 da yaprakli sebze olarak kullanilabilir. Genis kullanim alani olan turp;
miikemmel bir karbonhidrat, protein, A-C vitaminleri, folik asit ve potasyum, B6, riboflavin, magnezyum ve
kalsiyum kaynag1 oldugu i¢in, yliksek besin degerinden dolay1 popiilerlik kazanmistir (Bakhsh ve ark., 2006).
Kok, tohum, yaprak gibi farkli kisimlari, tibbi etkileri nedeniyle de insan saglig1 igin kullanilan bir sebzedir (Akan
ve ark.,2013).

Tiirkiye’de 2019 y1l1 sebze iiretimi verilerine gore %0.7’lik bir paya sahiptir ve en fazla yetistirilen ¢esit kirmizi
turptur (Anonim, 2019). Turp hemen her yerde yetistirilmekle birlikte topragin killi veya killi tinl1 olmast kok
gelisimini olumsuz etkilemektedir. Giibre, vermikompost, kompost, biyogiibreler ve diisiik dozda kimyasal giibre
ile birlikte organik giibre uygulamasi; geleneksel kimyasal giibre kullanimina kiyasla turpun gelisim parametreleri
ve kuru madde tiretimini artirmistir (Subramani ve ark.,2010; Imthiyas ve Seran,2015; Kiran ve ark.,2016; Barlas
ve ark., 2018). Organik veya inorganik kimyasallarla kombinasyon halinde topraklara biyokdmiir uygulamasinin
bitki biiytimesi ve veriminde belirgin bir etkisi oldugu bildirilmistir (Chan ve ark., 2007). Biyokdmiiriin toprak
tizerinde olumlu etkilerine karsin; diisiik besin bilesimi ve biyolojik bozunmaya kars1 direngli olmas1 nedeniyle
tek basina bir besin tedarikgisi olarak sinirli olabilir (Partey ve ark., 2014).

Biyokomiiriin; hayvan giibresindeki NH3, NHs" ve NO= "1 etkili bir gekilde tutabildigi (Steiner, 2010),
giibrelerden N kaybini azalttigini (Pietikainen ve ark., 2000) ve ayni1 anda humifikasyonu arttirdig1 (Ishizaki ve
Okazaki, 2004), topragin fiziko-kimyasal 6zelliklerini degistirebildigi (DeLuca ve ark., 2006), gaz halinde N
emisyonunu (Yanai ve ark., 2007) ve besin maddelerinin yikanmasini azalttigi (Zheng ve ark., 2013), ve {irlin
verimini arttirdigt (Major ve ark., 2010) belirtilmistir. Biyokdmiir uygulamasinin turplarin biyokiitle, kdk ve
stirgiin verimlerini 6nemli dl¢iide arttirdig1 calismada; topragin organik maddesi, kiitle yogunlugu, toplam azot,
mevcut fosfor ve mevcut potasyum igerigi de énemli dlgiide arttign ve 20 tha 'biyokdmiir uygulamasinin tavsiye
edildigi Timilsina (2017) tarafindan bildirilmistir. Yiiksek kalitede biyokomiiriin topraktaki karbon tutumu yoluyla
verimi artirabilecegi ve beyaz turp igin en yiiksek agirliklarin 2 kgda 'biyokémiir uygulamasmda 6lgiildiigii
(Sriburi, 2017); biyokdmiir ve kanatli giibresinin farkli kombinasyonlarinin denendigi ¢alismada ise, tek basina
biyokdmiir uygulamasi turpun yaprak besin konsantrasyonlari ile verimini arttirdigi (Adekiya ve ark., 2019)
goriilmiistiir.Odundan elde edilen biyokomiiriin kiraz turpta ¢imlenme oranimi arttirdigi, taze siirgiin ve kok
biyokiitlesinin ise ¢ok etkilemedigi; organik atiklarla kompost haline getirilen biyokdmiir uygulamalarinin ise daha
etkili olacagi belirtilmistir (Ke ve ark., 2018). Tabakhane atiklarinin ve biyokdmiiriin turp verimi {izerine
etkilerinin incelendigi caligmada; turp kokii ve yer iistii biyokiitlenin artti1 belirlenmis, %5 tabakhane atig1 ve 2,5
tha 'biyokdmiir dozunda turp taze ve kuru madde agirhginda dnemli artis gzlenmistir (Nabavinia ve ark., 2015).
Bagka bir ¢alismada turpta en iyi ¢imlenmenin %50 biyokémiir + %50 kompost uygulamasinda oldugu (Gonzalez
ve Kang, 2017); atik camurdan elde edilen biyokdmiiriin %1 ile %3 dozlarinda bitki tepkisi en yiiksek degerlere
ulagmistir (Sousa ve Figueiredo, 2016). Chan ve ark.(2008), toprak diizenleyici olarak biyokdmiiriin azotlu ve
azotsuz uygulanmasi durumunda; turp verim artistnin 10 t ha™! diizeyinde %42, 50 t ha! diizeyinde ise %96 ‘ya
ulagtigini belirtilmislerdir.

Bitki gelisimi ve bilyiimesi i¢in 6nemli bir besin elementi olan kiikiirdiin yetersizliginde bitkide iirlin miktari
ve kalitesi diiger (Scott ve ark., 1984). Kiikiirt uygulamasinin turp bitkisinde glukosinolat, karotenoid, klorofil ve
toplam fenolik madde igeriklerinde 6nemli artislar sagladigi belirlenmistir (Zhou ve ark., 2013). Turp ¢esitleri ile
yapilan ¢aligmada; farkli dozlarda mikronizebentonitli kiikiirt uygulamalarinin toplam verim, kok agirligi, kok
uzunlugu, kok cap ve bitki agirhiginda artislar sagladigi goriilmiistiir. En yiiksek degerler ise 3.65 kgm? ile 20 ve
25 kgda! doz uygulamasindan elde edilmistir (Solmaz, 2017). Hindistan’da yapilan bir ¢alismada; ii¢ farkh
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bolgesel turp cesidi arasinda Pusa Desi ¢esidinde 45 kg S uygulamasi ile en yiiksek kdk verimi elde edilmis,
biiytime ve kalite agisindan da olumlu sonuglar alinmigtir (Smriti ve ark., 2016). Baska bir ¢alismada; kiikiirt orani
artisinin, turp kok verimi ve kiikiirt alimmi énemli 6lgiide artirdigi; en yiiksek degerlerin 25 ve 50 kg Sha!
uygulamalarinda oldugu belirlenmistir (Sriramachandrasekharan, 2012). Turpta 120 kg Sha! giibrelemesinin
koklerde polifenollerin birikimini ve ayrica antiradikal aktiviteyi 6nemli dlgiide arttirdig1 goriilmiistiir (Stagnari
ve ark., 2018). Yapilan arazi denemelerinde turp veriminde NPK (100-80-50kg/hauygulama dozunun etkili oldugu
belirtilmistir (Nargave,2016).

Kiregli toprakta turp yetistiriciliginde, bitkinin kiikiirt ihtiyacinin karsilanmasinda uygun kiikiirtlii giibre
dozunun belirlenmesi amaciyla bu ¢aligma yiiriitiilmistiir. Calismada ayrica toprak yapisi iizerine olumlu etkisi
oldugu ¢esitli caligmalarda belirlenmis olan biyokémiiriin; killi tin tekstiirdeki kiregli topraklar i¢in uygulama
dozunun belirlenmesi de amaclanmistir. Calismada farkli oranlarda biyokdmiir uygulamasi yapilarak,
biyokdmiiriin bitki gelisimi parametrelerine ve yumru olusumuna kiikiirtiin farkli formlar1 ve dozlar ile birlikte
etkisi findik turp bitkisinde arastirilmig, uygun ve ekonomik kiikiirt dozunun tespit edilmesi amaglanmstir.

2. Materyal ve Metot
2.1. Deneme materyalleri

Aragtirma sera sartlarinda yiiriitiilmiistiir. Konya -Selguk Universitesi Ziraat Fakiiltesi Saricalar ciftlik arazisinden
0-30 cm derinlikten alinan kiregli toprakta deneme yiiriitiilmiistiir. Toprak alindiktan sonra bez torbalara doldurularak
seraya getirilmis; daha sonra 4 mm’lik elekten gegirilmistir. Topraktaki kil icerigi yliksek oldugundan dolayi; saksilara
2 birim toprak/1 birim dere kumu oraninda olacak sekilde toprakla dere kumu karistirilmis, daha sonra bu karigima
biyokdmiir (%0-%1-%2 dozlarinda) ilave edilerek saksilara (3.5 kg/sakst) doldurulmustur.

Bitki materyali olarak Eskisehir Gegit Kusagi Tarimsal Arastirma Enstitiisii'niin 1983 yilinda tescil ettirdigi, 8TR-
17 findik turp (Raphanussativus var.) ¢esidi kullanilmistir. Bu turpun meyve agirligi 45-50 gr, kabuk rengi agik kirmizi,
et rengi beyaz ve olgunlagma siiresi 30-35 giindiir. Tirkiye’nin biitin bolgelerine tavsiye edilen bir cesittir
(Anonymous, 2021).

2.2. Denemenin kurulmasu

Deneme serada tesadiif parselleri faktoriyel deneme desenine dort gore tekerriirlii olarak kurulmustur. Denemede
elementel toz kiikiirt (S1, S2, S3; 0- 200- 400 mgkg™"), SO4? formunda kiikiirt (SO1, SO2, SO3; 0- 25-50 mgkg™!) ve
biyokdmiir (B0, B1, B2; 0- %1 - %2) uygulanmis olup; ¢alisma toplam 72 saksida yiiriitmiistiir. Giibrelerden elementel
toz kiikiirt(% 100 S) saksilara ayr1 ayr1 tartilip yetistirme ortamu ile birlikte homojen olacak sekilde karistirilip saksilara
doldurulmustur. Siilfat formundaki kiikiirt ise amonyum siilfat, potasyum siilfat ve magnezyum siilfat giibreleri ile
uygulama dozlarina gore hesaplanarak tartilmig ve saksilara uygulanmustir. Ayrica tiim saksilarda esitlik olacak sekilde
bitkilere N(21.7 mgkg™"), P(21.8 mgkg™"), K(7.6 mgkg™'), Mg(9.4 mgkg™') ve mikroelement giibrelemesi yapilmustir.
Denemede biyokdmiir olarak ceviz kabugunun 500 °C sicaklikta 12 saat bekletilmesi ile elde edilmis olan materyal
kullanilmis olup, 2 mm’lik elekten gegirilerek kullanilmistir. Bu islemlerden sonra bitki tohumlari saksilara ekilmis
(Ekim 2020 tarihinde) ve bitkiler topragin tarla kapasitesi dikkate aliarak diizenli sekilde sulanmustir. Bitkilerde yeterli
gelisim oldugunda her saksida dort olgun yaprakta klorofil SPAD degeri ve yaprak boyu 6l¢iimii alinmistir. Bitki boyu,
yaprak sayisi degerleri belirlenmistir. Vejetasyon siiresi sonunda her saksidaki mevcut bitkilerde yaprak ve gévde
agirliklar hassas terazide belirlenmis; gévde boyu, gévde cap degerleri ise dijital kumpas ile Slgiilmiistiir.

Deneme topraginda yapilan fiziksel ve kimyasal analizlere ait sonuglar Tablo I’ de sunulmustur. Bu analiz
sonuglarina gore; deneme toprag killi tin tekstiirde, hafif alkalin pH’da ve tuzsuzdur. Organik madde igerigi az ve
yiiksek kirecli olan topragin fosfor ve potasyum icerigi yeterli, bitkiye yarayish Fe, Zn, Cu, Mn igerikleri ise yetersiz
veya azdir.

Turp gelisimi tamamlandiktan sonra bitkiler hasat edilmis; daha sonra tiim saksilardan toprak drnegi alinmis ve
KH2POuile ekstrakte edilerek toprak érneklerinde kiikiirt spektrofotmetrede okunarak SOs4 — S miktari belirlenmistir
(Fox ve ark.,1964).Ayrica tiim saksilardan alinan toprak 6rneklerinde pH (1:2.5 toprak:saf su) belirlemesi yapilmistir
(Jackson, 1969).

Sera denemelerinden elde edilen sonuglar ayr1 ayr1 MINITAB paket programlar1 kullamlarak varyans analizi
ve Tukey testleri yardimiyla karsilastirilmistir (Diizgiines, 1963; Yurtsever, 1984).

647



Akay
Kiregli Topraklarda Farkli Kiikiirt Formlari ile Biyokomiir Uygulamalarmin Turp Bitkisi (Raphanus sativus) Gelisimine Etkisi

Tablo 1. Deneme topragimn fiziksel ve kimyasal ézellikleri

Table 1 Physical and chemical properties of experimental soil

Ozellikler Deger AnalizMetodu
Fizikselozellikler
Tekstiirsinifi Killi tin (Bouyoucos, 1951)
Tarlakapasitesi 26 (Cassel ve Nielsen,1986)
Solma noktasi 14 (Cassel ve Nielsen, 1986)
Kimyasalozellikler
pH 7.89 (Jackson, 1969)
(1:2.5 toprak:safsu)
EC(dS/m) 0.92 (USSL Staff, 1954)
(1:2.5 toprak:safsu)
Organikmadde (%) 1.98 Walkley
veBlack’inmodifiyemetodu(Jackson
, 1969)
CaCOs(%) 12.97 (Nelson, 1996)
Elverisli P(mg/kg) 23.63 (Olsenve Sommers, 1982)
Ekstrakte edilebilir K 831.88 1 N. Notramonyumasetadileeks.
(mg kg™ metodu
ElverigliZn(mgkg™") 0.12 DTPA (Diethylene triamine penta
ElverigliFe(mg kg™) 0.45  acetic acid) ekstraksiyonmetodu
ElverigliCu(mg kg™!) 0.43 (Lindsay ve Norvell,1978)
ElverigliMn (mg kg™!) 0.91

3. Arastirma Sonuclari ve Tartisma
3.1. Findik turp bitkisi gelisim parametreleri

Deneme sonunda elde edilen verilere ait sonuglar 7ablo 2,3 ve 4’te sunulmustur. Yapilan varyans analiz
sonuglarma gore; yaprak klorofil SPAD degerleri artan kiikiirt dozlar ile kontrole kiyasla dnemli oranda
artmistir(p<0.05); biyokdmiir uygulama dozlari*kiikiirt uygulama formlarimin birlikte etkisi de dnemli farkliliklar
olusturmustur (p<0.01; 7ablo 2 ve 3). Biyokomiir uygulamalari dikkate alindiginda ise en yiiksek ortalama
degerler B2SO ve B1S uygulamalarinda sirasiyla 32.7 ve 32.4 olarak belirlenmistir (p<0.01; Tablo 2). Tiim veriler
dikkate alindiginda kiikiirt dozlarindaki artis ile klorofil SPAD degerlerinin kismen artt1§1 ama bu artigin istatistiki
yonden 6nemli olmadig1 gorilmistiir (Tablo 3).

Tablo 2. Biyokémiir ve kiikiirtlii giibre uygulamalarinin turp bitkisinin klorofil, bitki boyu, yaprak boyu,
yaprak sayist ve yaprak agirligina etkisi

Table 2. Theeffects of biocharandsulfurfertilizerapplications on chlorophyll, plantheight, leafheight, number
of leavesandleafweight of radishplant

Yaprak
Biyokomiir Kiikiirt Klorofil Bitki Yaprak Yaprak agirhgi
boyu(cm) boyu(cm) sayisi(adet) (2)
BO S 31.9 ab 9.10b 5.81 3.25 6.857
SO 30.4ab 10.20 ab 6.49 3.42 6.957
B1 S 32.4a 1128 a 6.34 3.21 7.446
SO 27.3ab 898D 5.62 3.28 8.134
B2 S 26.7b 10.96 a 5.59 3.27 6.944
SO 32.7a 10.74 a 6.03 3.42 7.665
Tukey
*p<0.05
**p<001 sk sk - - -
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Bitki boyu (cm) degerleri incelendiginde; biyokdmiir, kiikiirt uygulama dozlari, biyokémiir*kiikiirt formlari,
biyokomiir*kiikiirt dozlar1 ve kiikiirt uygulamasi*kiikiirt dozlari arasinda onemli farkliliklar gosterdigi
belirlenmistir (p<0.01 ve p<0.05; Tablo 2 ve 3). Bitki boyu degerleri 8.13-13.41 c¢cm arasinda degismis, en yiliksek
bitki boyu degerleri B2S3 ve B2SO3 uygulamalarinda goriilmiistiir (12.31-13.41 cm). Ozellikle biyokomiiriin %2
uygulama dozunda, diger %0 B ve %1 B uygulamalarina kiyasla bitki boyundaki artisin daha yiiksek oldugu
dikkati ¢ekmektedir (Tablo 3). Yaprak boyu degerleri; biyokdmiir ve kiikiirt uygulamalan ile degisiklik
olusturmamis; sadece kiikiirt uygulamalar1 ve artan kiikiirt dozlarinin birlikte etkisi yaprak boyunda 6nemli
farklilik gostermistir (p<0.05; Tablo 2 ve 3). Yaprak sayisi, yaprak agirhigi, govde boyu degerleri; biyokdmiir,
kiikiirt uygulamalar1 ve kiikiirt dozlari ile farklilik gostermemistir. Govde ¢ap1 degerleri; biyokémiir uygulamalari
ve biyokomiir*kiikiirt uygulamalart ile dnemli farkliliklar géstermistir (p<0.05; Tablo 2, 3 ve 4). Yaprak sayisi
2.98-4.06 adetbitki™'; yaprak agirhigi 6.010-10.446 g sakst!, gévde boyu 0.75-2.23 cm bitki! ve gdvde ¢ap1 da
1.50-15.24 cm bitki! arasindadir. Govde ¢ap1 degerleri dzellikle B2SO uygulamalarinda diger uygulamalara
kiyasla daha yiiksek olmustur (Tablo 3).

Tablo 3. Biyokomiir ve kiikiirtlii giibre uygulamalarinin turp bitkisinin gelisim verilerine etkisi

Table 3. The effects of biochar and sulfur fertilizer applications on the growth data of radish plants

Bitki Yaprak  Yaprak Yaprak Govde Govde Yumru yas

B S d?)z Klorofil boyu boyu sayis1 agirhg: boyu capi1 agirhgi
(cm) (cm) (adet) (gsaks1))  (cm) (mm) (g saksi-!)

1 30.0 8.13 4.59 3.39 6.786 1.41 11.10 1.906

S 2 324 10.73 5.40 3.19 7.120 1.49 11.86 1.648

BO 3 33.1 8.44 7.45 3.17 6.663 1.14 10.03 1.404
1 26.0 9.97 7.24 3.31 7.541 0.75 7.60 1.854

SO 2 31.7 11.09 6.75 3.29 6.884 1.14 5.15 1.912

3 334 9.53 5.48 3.67 6.447 0.90 5.16 2.502

1 32.1 11.72 5.45 2.98 7.465 1.85 10.55 2.179

S 2 32.7 11.02 5.98 3.00 6.861 0.75 1.50 2.254

3 324 11.10 7.60 3.67 8.011 1.24 8.52 2.572

Bl 1 25.9 8.22 5.61 3.25 7.451 1.18 8.27 2.780
SO 2 23.3 8.58 5.56 3.16 6.504 1.81 8.93 2.863

3 32.7 10.16 5.69 3.45 10.446 1.30 5.55 3.309

1 26.4 11.05 6.25 3.17 7.505 0.95 6.98 2.007

S 2 26.4 9.51 5.10 3.55 7.316 1.30 10.80 1.540

B> 3 27.5 12.31 5.41 3.11 6.010 0.93 9.78 1.521
1 29.9 10.04 6.15 3.13 8.355 1.91 12.09 3.617

SO 2 34.8 8.77 5.15 3.04 8.525 2.23 15.24 4.281

3 343 13.41 6.75 4.06 6.775 1.94 15.03 3.439

Tukey
*p<0.05 - - - - - - - -
**p<0.01
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Tablo 4. Biyokomiir ve kiikiirtlii giibre uygulamalarinin turp bitkisinin govde boyu, govde ¢capi, yumru
agirligi ve toprakta kalan kiikiirt miktarina etkisi

Table 4. Theeffects of biocharandsulfurfertilizerapplications on stemlength, stemdiameter, tuberweightof
radishplantandthe S (mgkg”) concentrations remaining in the soil

Yumru Toprakta
Biyokomiir Kiikiirt Govde boyu Govde cap agirhg kiikiirt
(cmbitki?) (mmbitki!) (gsaksr!) (mgkg™)
B0 S 1.35 10.99 ab 1.653 ¢ 5523 a
SO 0.93 597b 2.089 ¢ 15.68 d
Bl S 1.28 6.86b 2.335be 42.84b
SO 1.43 7.58 ab 2.984b 24.89 ¢
B2 S 1.06 9.19 ab 1.689 ¢ 39.49b
SO 1.95 13.79 a 3.779 a 22.03 cd
Tukey
*p<0.05
**p<001 - % ksk sk

Turpta kuru madde birikimine kompost kullanimmin etkisi incelendiginde; {ist uygulama olarak kimyasal
giibreler ile tavsiye edilen 20 t ha'kompost uygulamasinim, tek bagina kimyasal giibrelere kiyasla daha fazla yaprak
iiretimi sagladigr ve yumru kok kuru madde birikimi iizerindeki etkisinden dolay1 bir secenek olabilecegi
belirtilmistir (Imthiyas ve Seran, 2015). Bu calismada da %2 B uygulamasi ile genel olarak bitki boyu, govde
boyu, govde ¢ap1 ve yumru agirligi artmistir; sonugta biyokdmiir uygulamasi bitki gelisim parametrelerini olumlu
yonde etkilemistir.

Yumru yas agirligr degerleri; biyokomiir ve kiikiirt uygulamalar ile farklilik géstermis, biyokomiir*kiikiirt
uygulamalari arasindaki etkilesimden de 6nemli derecede etkilenmistir (p<0.01; Tablo 4). Yumru agirlig1 degerleri
1.404-4.281 gsaksi! arasinda degismistir (Tablo 3). Biyokdmiir uygulamalari yumru agirhigini kontrole kiyasla
Oonemli oranda artirmug; Ozellikle SOs-S uygulamasinda elementel-S’e kiyasla yumru agirligt onemli artig
gostermis ve en yiiksek deger %2 B-SO4 formunda kiikiirt uygulamasinda goriilmiistiir (3.779 gsaks1'; Tablo 4).Bu
durumda biyokomiiriin toprak fiziksel 6zelliklerinde olusturdugu iyilestirme ile %0 ve %1 biyokdmiir dozlarina
kiyasla %2 B uygulamasinda yumru agirliginin arttigi; kiikiirtiin siilfat formunda uygulamasinin birlikte etkisinin
de bitki gelisimini tesvik ettigi sdylenebilir. Benzer durum bu ¢alismada govde cap1 degerlerinde de gézlenmistir.

Farkli organik ve inorganik giibre uygulamalarinin turp gelisimine etkisinin arastirildigi ¢aligmada; kok
agirhiginda goriilen farkliliklarin giibre varyasyonlarinin farkli olmasindan ve giibrelerin besin icerigi bakimmdan
farklilik gostermesinden kaynaklandig1 ve kok agirhiginin artmasinda etkili oldugu belirtilmistir. Cesitli hayvan
giibrelerinin daha fazla besin icerigine sahip olmasi durumunda daha yiiksek kok agirligi olusumunu tesvik ettigi
belirlenmistir (Kiran ve ark.,2016). Olasekanve ark. (2019) kanath giibresinin topragin fiziksel ve kimyasal
ozelliklerini iyilestirerek turpun verim bilesenlerini de iyilestirdigini, Basnet ve ark.(2021)ise %50 N’Iu kimyasal
giibre + %50 N kiimes hayvani giibresi uygulamasi ile turptan en yiiksek verimi aldiklar1 belirtmislerdir.
Tennakoon ve Bandara (2003) hayvan giibrelerinin besin igeriklerinin farklilik gosterdigi, varyasyon farkli organik
kaynaklarin besin maddelerinin mevcudiyetinin 6nemli oranda farklilik gosterdigine dikkat ¢ekilmistir (Lester,
2006).

3.2. Deneme sonunda toprakta kalan kiikiirt (mg kg™') konsantrasyonu

Deneme sonunda toprakta kalan kiikiirt konsantrasyonu (mgkg') dikkate alindignda kiikiirt ve biyokdmiir
uygulamalari, kiikiirt dozlart ile bu uygulamalarin birlikte etkilesim degerleri arasinda 6nemli farklilik oldugu
gozlenmistir (p<0.05 ve p<0.01; Tablo 4). Ortalama degerler dikkate alindiginda; elementel kiikiirt uygulanan
muamelelerde biyokdmiiriin artan dozlari toprakta kalan kiikiirt miktarinikontrole kiyasla kismen azaltmistir. Siilfat
formunda kiikiirt uygulamalarinda ise bu azalma daha fazla olmustur. Burada bitkilerin ortamdaki kiikirtii siilfat
formunda daha kolay aldig1 ve bu yilizden de toprakta kalan kiikiirt konsantrasyonunun elementel kiikiirte kiyasla daha
az oldugu dikkati ¢gekmektedir (Sekil /). Ayrica biyokémiiriin B0, B1 ve B2 uygulamalarinda artan dozlarda verilen
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stilfat formundaki kiikiirt ile toprakta kalan kiikiirt konsantrasyonlar1 degismemistir. Buna karsin elementel formda
kiikiirt uygulamasinda; kiikiirt dozlarindaki artis ile topraktaki kiikiirt konsantrasyonu onemli oranda artis
gostermistir(p<0.01). En yiiksek artis %0 B - SO uygulamasmdan (15.78 mgkg™!), %0 B - S3 uygulamasma (94.43
mgkg') geciste gdzlenmistir. Elementel kiikiirtiin artan dozlari topraktaki kiikiirt konsantrasyonunu siilfat formunda
uygulanan kiikiirte kiyasla daha fazla artirmustir; degerler 13.40 —94.43 mgkg™! arasinda degismistir. Bu verileri yumru
yas agirlig ile birlikte degerlendirdigimizde; siilfat formunda kiikiirt uygulamalarinda yumru yas agirligmin elementel
kiikiirt uygulamalarma kiyasla daha yiiksek oldugu dikkati ¢ekmektedir. Bitkilerin ortamda hazir olarak bulduklari
siilfat kiikiirtinii daha kolaylikla kullanmalar1 nedeniyle; toprakta kalan stilfat kiikiirt bu uygulamalarda daha azdur.
Buna karsin elementel formdaki kiikiirtiin siilfat formuna oksidasyon isleminin yavas olmasi nedeniyle; bitki tarafindan
kullaniminin daha az olmasindan dolay1 yumru yas agirhiginin digerine kiyasla diisiik oldugu ve buna bagh olarak da ;
toprakta kalan kiikiirt miktarmin daha fazla oldugu séylenebilir.

Deneme sonunda topraktaki S konsantrasyonu(mg kg ')

100
80
2 60
on
£ 40
“ 20 = %
2 o - = = = ) =
0 3 Il = = 0 | = B - H =
SI S2 S3 SOI SO2 SO3 SI S2 S3 SOI SO2 SO3 S1 S2  S3 SOl SO2 SO3

BO B1 B2
Biyokomiir ve S uygulama dozlari

Figure 1. The effect of biochar and sulfur fertilizer applications on the S (mgkg™) concentrations
remaining in the soi lafter the harvest of the radish plant
Sekil 1.Biyokomiir ve kiikiirtlii giibre uygulamalarinin turp bitkisinin hasadi sonrasinda toprakta
kalan kiikiirt konsantrasyonuna etkisi

3.3. Deneme sonunda topraktaki pH degigimi

Deneme sonunda topraktaki pH degisim durumu belirlendiginde biyokdmiir uygulamalar1 arasinda ve
biyokomiir*S uygulamalari arasinda farklilik bulunmamistir. Buna kargin S uygulamalari, S dozlar1, biyokdmiir*S
dozlar1 ve S uygulamalan*S dozlar1 arasinda pH bakimindan 6nemli farklilik oldugu gézlenmistir (p<0.01).
Kiikiirt dozlarina ait ortalama degerler dikkate alindiginda pH kontrole kiyasla 0.07 birimlik bir diisiis gdstermistir
ve bu deger istatistiki yonden de 6nemli olmustur(degerler sirasiyla S1:8.27, S2:8.24, S3:8.20). Biyokomiir*S
uygulama dozlarina bagl olarak toprak pH degerinde goriilen degisim incelendiginde en yiiksek pH degerinde
azalmanin %1 B ve %2 B uygulamalarindaki kiikiirtlin tigiincii dozunda oldugu dikkati ¢ekmektedir (Sekil 2).
Kiikiirt uygulamalarina ait ortalama degerler dikkate alindiginda ise elementel kiikiirt uygulamalarinda pH
ortalamasi 8.22 iken siilfat-S uygulamalarinda 8.25’dir (p<0.01). Bu durumda elementelkiikiirtiin toprak pH’si
tizerindeki etkisinin siilfat formundaki kiikiirt uygulamasina kiyasla daha yiiksek oldugu sdylenebilir.

Elemental S, kiikiirtlii giibreler arasinda S kaynagi olarak artan oranda ilgi goriiyor olmasina ragmen topraktaki
oksidasyon siireci uzun siirmektedir. ElementalS’iinoksidasyonuna katkida bulunan toprak fiziko-kimyasal
ozellikleri (McCaskill ve Blair, 1987; Zhao ve ark., 2015), kullanilan S kaynaginin pargacik boyutu(Lefroy ve
Sholeh, 1997) gibi faktorler; elemental S giibresinin etkin kullanimi i¢in 6nemlidir.Bu ¢aligmadan elde edilen
sonuclarda da siilfat -S uygulamalarinda yaprak agirligi,gévde agirliginin elementel-S uygulamalarina gore kismen
daha yiiksek oldugu goriilmistiir. Turp bitkisinin farkli topraklarda yetistirildigi ¢alismada amonyum siilfat,
superfosfat, gypsumand potasyum siilfat S kaynaklar1 arasinda; jidaha yiiksek S kullanim verimliligine sahip
oldugu ve gypsum formunda uygulanan 50 kg S ha'! ile giibre S alim veriminin en yiiksek oldugu
belirtilmistir(Sriramachandrasekharan, 2012).Baska bir ¢alismada ise artan oranlarda kiikiirt uygulamalarinin bazi
biiyiime parametrelerini artirdigi belirtilmistir (Adiloglu ve ark., 2013).Farkli biyokdmiir materyallerinin (pamuk
sapi, fistik dis kabugu,misir kogani ve zeytin artiklari)uygulama dozlarma bagl olarak, toprak pH’sin1 artirdigi
cesitli caligmalarda bildirilmistir (Brewer ve ark., 2011; Hmid ve ark., 2015;Saygan,2017). Bu ¢alismada da benzer
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durum gozlenmekle birlikte; kiikiirdiin artan dozlari biyokémiiriin pH artirici etkisine karsi tepki gostererek pHy1
diistirmiistiir (Sekil/ 2). Sonug olarak toprak diizenleyici olarak biyokdmiir kullanildiginda beraberinde kiikiirt
uygulamasinin; biyokdmiiriin pH‘y1 degistirici etkisinin elimine edilebilecegi sdylenebilir.

pH
8,35 a
8.3 be ab b
825  be be be
8.2 ¢ ¢
T 815
8.1
8,05
8
7,95
S1 S2 S3 S1 S2 S3 S1 S2 S3

BO BO BO B1 B1 B1 B2 B2 B2

Biyokdmiir ve S dozlari

Figure 2. Theeffect of biocharandsulfurapplicationdoses on soilpHvalues at theend of theexperiment
Sekil 2. Biyokomiir ve kiikiirt uygulama dozlarinin deneme bitiminde toprak pH degerlerine etkisi

4. Sonug¢

Sonug olarak turp bitkisinin hemen her yerde yetistirilebilecegi bilinmekle birlikte; yetistirme ortamindaki topragin
tekstiiri ve organik madde icerigi bitki kok gelisimini smirlandirmaktadir. Killi veya killi tin tekstiirlii topraklar kok
gelisimini olumsuz etkilemekte bu da iiriin kalitesinin bozulmasina neden olmaktadir. Turp yetistiriciliginde tek yonlii
olarak kimyasal giibre kullanimma gore; organik giibre, vermikompost, kompost, biyogiibreler ve diisik dozda
kimyasal giibre ile birlikte organik giibre uygulamasimn iiriin gelisim parametreleri ve kuru madde tiretimini artirdig
yukarida da ifade edildigi gibi gesitli ¢aligmalarda belirlenmistir. Bu calismadan elde edilen sonuglara gore
biyokdmiiriin %2 B uygulama dozunun; bitki boyu, gévde boyu, govde capi, yumru agirhg degerlerini artirdigi
belirlenmistir. Ayrica kiikiirtlii giibre uygulamasinda ise 6zellikle SO4-S uygulamasinin elementel-S ‘ye kiyasla yumru
agirhginda onemli artig gosterdigi ve en yiiksek degerin %2B - SO4 formunda kiikiirt uygulamasinda oldugu
gdzlenmistir. Kiregli ve alkalin pH ya sahip topraklarda turp bitkisinin kiikiirt ihtiyacinin kargilanmasinda 50 mg kg
SO4-S uygulamast tavsiye edilebilir. Ayrica yetistirme ortamina %2 dozunda biyokémiir uygulamasi ile de iyi bir bitki
gelisimi ve yumru tesekkiiliiniin olacag diisiiniilmektedir. Arazide yapilacak iiretim ¢alismasinda biyokémiir
temininde zorlanildiginda; belirtilen dozunbanda uygulanmasi bitki gelisim ortamu i¢in daha yararli olacaktir.
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RetScreen Programi Kullanilarak Tekirdag Namik Kemal Universitesi Ziraatbiyotek
Binasina Uygulanabilecek Fotovoltaik Tasarimin Fizibilite Analizi

Feasibility Study of Photovoltaic System that can be Applied to Tekirdag Namik Kemal
University Ziraatbiyotek Building using RetScreen Program

Bahar DIKEN"" Birol Kayisoglu

Oz

Fosil kokenli yakitlarin hizla azalmasi ve artan enerji talebi sonucunda iilkeler alternatif enerji kaynaklarina
yonelmistir. Fosil kaynaklara alternatif ve ¢cevre dostu olan yenilenebilir kaynaklar ise temiz ve tiilkenmeyen enerji
kaynaklaridir. Glines enerjisi de bu alternatif enerji kaynaklarindan birisidir. Bu ¢aligma; RetScreen programu ile
PV sistemi kurulumu yapilmadan dnce, sistemin uygunlugunu analiz etmeyi ve performansini gézlemleyebilmeyi
amaglamistir. PV sistemlerin performansini etkileyen 6zellikler; panelin konumu, egim agisi, gdlgelenme ve panel
tipi gibi etmenler dikkate almarak tasarlanmistir. Golge analizi Helioscope programu ile yapilmugtir. Golge
analizinde, ilk olarak cografi konum tanimlatilmistir ve belirlenen parametreler sisteme girilmistir. Ziraatbiyotek
binasi igin 14 kW’lik giines sistemin teknik, enerji ve ekonomik analizi yapilmistir. Analiz 2 farkli senaryo
seklinde yapilarak, binada kurulacak giines sistemin olumlu ve olumsuz yonleri ortaya koyulmustur. Caligmanin
yapildig1 Ziraatbiyotek binasi Tekirdag ili Siileymanpasa ilgesi Naip Mahallesi’nde kurulmustur. Ziraatbiyotek
laboratuvar binasi i¢in GES santrali 405 m? alana sahip 60 adet panel kullanilmistir. Segilen panelin markasi
Astronergy Solardir ve her biri 240 W gii¢ kapasitesine sahiptir. RetScreen programina panel egimi 30°, azimut
ac1s1 0° olarak girilmistir. Iki farkli senaryoda da panel tipi olarak polikristal kullamlmustir. Tlk senaryoda emisyon
azaltim destegi dahil edilmemis ve sistemin geri 6deme siiresi 10.4 yil, digerinde ise 15$ tCO2! ile yillik
142$ destek dahil edilmis ve sistemin geri 6deme siiresi 9.8 yil olarak elde edilmistir. Program ile elde edilen
sonuglara gore giines paneli sistem ile tiretilen 20.1 Wh’lik enerji 9.5 tCO2 sera gazi azalimi goérilmiistiir.
Ziraatbiyotek binasma 14 kW’lik gilines enerjisi sistemi yapildigi takdirde yillik elektrik ihtiyacinin
yaklagik %40’ 11 giines enerjisinden karsilanmig olacagi elde edilmistir.

Anahtar Kelimeler: RetScreen, Helioscope, Ziraatbiyotek, Sera gazi, PV sistem
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Abstract

As a result of the rapid decrease in fossil fuels and increasing energy demand, countries have turned to alternative
energy sources. Renewable resources, which are alternative to fossil resources and are environmentally friendly,
are clean and inexhaustible energy resources. Solar energy is one of these alternative energy sources This study;
With the RetScreen program, it is aimed to analyze the suitability of the system and observe its performance before
the PV system is installed. Features affecting the performance of PV systems; It has been designed by considering
factors such as the position of the panel, the angle of inclination, shading and panel type. Shadow analysis was
performed with the Helioscope program. In the shadow analysis, firstly, the geographical location is defined and
the determined parameters are entered into the system. Technical, energy and economic analysis of the 14 kW
solar system for the Ziraatbiyotek building was made. The analysis was made in 2 different scenarios and the
positive and negative aspects of the solar system to be installed in the building were revealed. The Ziraatbiyotek
building, where the study was carried out, was established in the Naip District of the Siileymanpasa district of
Tekirdag province. For the Ziraatbiyotek laboratory building, 60 panels of the GES power plant with an area of
405 m? were used. The brand of the selected panel is Astronergy Solar and each has a power capacity of 240 W.
The panel inclination is 30° and the azimuth angle is 0° in the RetScreen program. Polycrystalline was used as the
panel type in two different scenarios. In the first scenario, emission reduction support was not included and the
payback period of the system was 10.4 years, and in the other, $15 tCO™! and annual support of $142 were included
and the payback period of the system was 9.8 years. According to the results obtained with the program, 20.1 Wh
energy produced by the solar panel system decreased 9.5 tCO; greenhouse gas emissions. It has been obtained that
if a 14 kW solar energy system is installed in the Ziraatbiyotek building, approximately 40% of the annual
electricity need will be met from solar energy.

Keywords: RetScreen, Helioscope, Ziraatbiyotek, Greenhouse gas, PV system
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1. Giris

Hizla artan niifusun enerji ihtiyacinin karsilanabilmesi ve gelisen teknoloji faaliyetlerini siirdiiriilebilmesi i¢in
enerji talebinin karsilanmasi gerekmektedir. Enerji ihtiyaci en fazla fosil kokenli kaynaklardan elde edilmektedir.
Bu kaynaklar ise hem hizla tiikenmesi hem de ¢evreyi olumsuz etkilemesi gibi dezavantajlara sahiptir. Ayrica,
enerji talebini karsilamayan disa bagimli iilkeler icin fosil kdkenli kaynaklar ciddi bir ekonomik maliyete mal
olmaktadir. Fosil kaynaklara alternatif ve ¢evre dostu olan yenilenebilir kaynaklar ise temiz ve tiikkenmeyen enerji
kaynaklardir.

Yenilenebilir enerji tiiketimi biyoyakitlar ve hidro disinda hizli bir sekilde artmistir. 2018 yilindaki bu artis
birincil enerjideki kiiresel bitylimenin %40'indan fazlasini olusturmustur ve bu, diger tim yakitlardan daha fazla
oranda oldugunu gostermektedir. Sonug olarak, yenilenebilir enerji kaynaklari enerjideki paymi 2018'de %4.5'ten %
S'e ¢ikarmustir. Enerji kaynagina gore, en biiyiik biiylime 1.4 EJ riizgar iiretiminde gerceklesirken ardindan giines
enerjisi 1.2 EJ katki saglamistir. Diger kaynaklar yenilenebilir elektrik (biyokiitle ve jeotermal gibi) 0.3 EJ artarken,
biyoyakit tiiketimi 0.2 EJ veya giinde 100000 varil petrol esdegeri artmistir (BP, 2020).

Giderek gelisen elektrik enerjisi sistemi ile enerji sektorii talebi etkilesim icindedir. 2050'ye kadar elektrik
iretiminin %86's1 yenilenebilir enerji kaynaklarindan saglanacagi ve bunun %60'm1 giines ve riizgar enerjisinden
saglanacag1 6ngorilmiistir. Riizgar ve giines (PV), 2050'de sirasiyla 6000 GW ve 8500 GW'm iizerinde kurulu
kapasiteler ile genislemeye hakim olacaktir (IRENA, 2019).

Yenilenebilir enerji kaynaklarindan birisi olan giines enerjisinden en fazla yararlanan iilkelerin baginda Cin
gelmektedir. Bu iilkeyi sirayla Japonya, Almanya ve ABD takip etmektedir. Ulkemiz ise giines enerjisinden
yararlanma agisindan Diinyada 19. sirada yer almaktadir. Almanya, iilkemizin yaris1 kadar giines enerjisi
potansiyeline sahip olup 40000 MW GES kurulu giicii bulunmaktadir. Giines enerjisinden 50000 GWh y1l'!
elektrik enerjisi iiretmektedir. Ulkemiz ilk asamada giines enerjisinden y1lda 50000 GWh elektrik enerjisi iiretecek
olursa, elektrik enerjisi tiikketiminin %18’ini giines enerjisinden elde etmis olacaktir (Kayisoglu ve Diken, 2019).

Diinya’da yenilenebilir enerji maliyetleri hizla diismeye devam etmektedir. Genel olarak, kamu hizmeti
6lgegindeki giines fotovoltaik (PV) projelerinden elektrik maliyetlerindeki diisiis, kiiresel ortalama maliyetin %
73 diismesiyle dikkat ¢ekicidir (IRENA, 2018). Riizgar ve giines PV maliyetlerinin kilovat saat (kWh) basina 2-3
ABD sentine yaklastigi Suudi Arabistan ve Birlesik Arap Emirlikleri'nden Brezilya ve Amerika Birlesik
Devletleri'ne (ABD) kadar cesitli iilkelerde maliyet diisiisleri goriilmiistiir. Tiirkiye’de, halihazirda 2023 ulusal
hedefini agan toplam 5.1 GW i¢in 1.6 GW kurulum gerceklesmis durumdadir. Bununla birlikte, Tiirkiye'nin, ulusal
destek programlarina iligkin belirsizlikler, arazi edinimi ile ilgili sorunlar, izin gibi ¢esitli faktorler ve finansman
kaynakli gecikmeler nedeniyle 2017'ye gore %37 azalmistir (REN21, 2020).

Yenilenebilir enerji kaynaklar1 kullaniminin tegvik edilmesi, kaynak gesitliligini artirilmasi, ¢evre kirliliginin
azaltilmasi ve yenilenebilir teknoloji iiretim endiistrisinin artmasi i¢in 6094 sayili kanun ile enerji liretim
siibvansiyonlarini artirilmis, GES igin 13.3 ABD $ cent kWh'’ye ¢ikarmistir (Anonim, 2018). Ornegin,
Danimarka’da elektrik ihtiyacinin yaklasik %30’unu RES’den karsilamakta olup, sabit fiyat garantisi 8.06 Euro
kWh " dir. Ulkemizde ise bu destek miktar1 7.3 Cent kWh™"’dir (Sen, 2017).

Yapilan ¢aligmalarda, UENR Nsoatre Kampiisii'ndeki 50 MW'lik sebekeye bagli bir giines fotovoltaik
santralinin teknik ve ekonomik fizibilitesini aragtirmasi amaglanmistir. Ekonomik analiz, RETScreen yazilimu ile
iic PV sisteminde yapilmistir. Sistemler tarafindan iiretilen enerjinin maliyeti mono-kristal, polikristalin ve ince
film sistemleri igin sirasiyla 12.4 cent kWh!, 12.3 cent kWh'! ve 10.9 cent kWh''dir. Saha degerlendirme
sonuglari, kampiis i¢in aliman 2000 doniimlik alanin sirastyla %9, %10 ve %13"inii kapladigim gostermistir
(Obeng ve ark., 2020). Yapilan ¢alismada; cat1 alan1 igin teknik PV sistemi tasarimi yapilmistir. Bu tasarim igin
PVsyst ve RETScreen programlari kullanilmistir. Elde edilen verilere gore, 1219 kWh kWp “'yil"! (mono-si), 1280
kWh kWp'y1l"! (poly-si) ve 1291 kWh kWp'y1l"! (a-si) olarak elektrik iiretimi elde edilmistir (Eremkere ve Aktas,
2020). Bu calismada, Irak'taki 20 lokasyon, Irak ulusal sebekesini ek nesillerle desteklemek icin 100 MW'lik bir
PV enerji santrali insa etmek i¢in test edildi. Bu lokasyonlar, giines radyasyonu tahminleri, Irak'in iklim kosullari,
cevresel ve ekonomik ydnleri, kurulum i¢in arazi mevcudiyeti ve gelecekteki gelismeler, su kaynaklar1 ve iletim
hatlarina, trafo merkezlerine ve otoyollara olan mesafeye gore farkli yerlerde secilmistir. Sonuglar, RETScreen
Expert paketi ile elde edildi. Sonuglardan agikga goriildiigii gibi, ortalama giines 1s1masi 5.00394 kWh m giin’!
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iken, giines 1s1mas1 ve yillik {retilen enerji Necef bolgesinde sirasiyla 5.2546 ve 169.732 GWh degeriyle
maksimum seviyededir (Al-akayshee ve ark., 2020). Bu ¢alismada, Dogu Azerbaycan ilindeki bir kdyde bir
fotovoltaik sistem incelenmistir. Bu caligma 6nce RetScreen programiyla simiilasyonu gerceklestirilmis ve
ardindan sonuglar test prototipi ile dogrulanmistir. Simiilasyonun sonuglarina gore sistem yilda 8373 kWh enerji
iiretmektedir. Deneysel calismada ise, simiilasyonda elde edilen sayiya ¢ok yakin deger (8334 kWh) elde
etmislerdir (Darian ve ark., 2020).

Cevresel yoniiyle literature bakildiginda; (Ahmed ve ark., 2020), NASA Meteorological Data, MATLAB /
Simulink, Helioscope ve RETScreen yazilimi gibi araglar1 kullanarak tekno-ekonomik analizi yoluyla, enerji
kullanicilarinin GHG azaltmadaki kilit roliinii arastirmaktir. Pakistan’da 25 yillik émrii boyunca 10 kW'lik PV
sistemi, 7337 $ sermaye maliyetini yaklasik yillarda geri kazanmig ve yilda 16832 kWh enerji tireterek kullaniciya
yillik 1683 $ kazanmistir. Sistem, sera gazi emisyonlarini 2.4 ton geri doniistiiriilmis atiga, tiiketilmeyen 16 varil
ham petrol ve tiiketilmeyen 2958.7 litre benzine esdeger azalttig1 belirtilmistir. Bu ¢alismada ise, RETScreen
yazilimini kullanilarak her konum i¢in enerji ve maliyet modelleri gelistirildi ve tabandan giines PV tesisleri
kaynaklanan GHG emisyonlari analiz edildi. Yiiksek enlem konumlari i¢in Onerilen sistemlerin, diisiik enlem
konumlarma gore daha karli oldugu goriildii. 25 lokasyon arasinda, Gusau'da 6nerilen 100 MW'lik PV tesisi
(11.88 N enlem 6.65 ° E boylam), 167307 MWh elektrikle en yiliksek yillik enerji iiretimine sahip oldugu
goriilmistiir ve yillik 41195.2 tCO2 bir GHG azalma potansiyeli saptanmistir. Yillik 108309 MWh olarak tahmin
edilen elektrik iiretiminde ise, GHG azaltma potansiyeli 26668.5 tCO2 yil'! olarak tahmin edilmistir (Nijoki ve
Omeke, 2020). Bu tezde, uluslararas1 Nergis iiniversitesinin enerji talebini karsilamak i¢in riizgar ve giines
enerjisinin potansiyelleri arastirilarak hibrit gii¢ sistemi modelinin (glines-riizgar) ekonomik bir uyumlulugu
sunulmustur. Bu hibrit model, RetScreen adli bir yazilim araci kullanilarak tasarlanmistir ve toplam briit yillik
emisyon azaltimi tCO2'nin % 75.5'dir (Shimu, 2019).

Bu calismadaki amag; PV sistemi kurulumu yapilmadan oOnce, sistemin uygunlugunu analiz etmek,
performansini gézlemleyebilmek ve yorumlamaktir. RetScreen simiilasyon yazilimi kullanilarak Ziraatbiyotek
binas1 i¢in PV tasarimi yapilmistir. Bu simiilasyon 2 farkli senaryo yapilarak, binada tasarlanacak olan PV sistemin
olumlu ve olumsuz yénleri ortaya ¢ikarilmgtir. Tki farkli senaryoda panel tipi olarak poli-Si kullanilmistir ve bu
senaryolarin birincisinde sera gazi azaltim emisyon destegi eklenmemis, ikincisinde ise bu destek eklenerek
yorumlamalar yapilmistir.

2. Materyal ve Yontem
2.1. Tekirdag ilinin GES ézellikleri

Bu calisma kapsaminda Tekirdag iline ait GEPA Sekil 1’de verilmistir. Bu caligmada esas alinan aylik ve
giinliik giines radyasyonu ile ortalama sicaklik degerleri Sekil 2’de gosterilmistir. Giineslenmenin Aralik-Ocak
aylarinda minimum degerlerde gerceklestigi, Temmuz aymda ise maksimum degere ulastig1 goriilmektedir.
Sicaklik degeri 5.2 °C ile 23.7 °C arasinda degisirken, giinliik giines radyasyonu 1.37 ile 7.06 kWh m degerleri
arasinda degismektedir.

Toptam Gines
Radyasyonu

KWhim™ yil

B 10149
B 1450-15%0
) 1s0-15%
[ 15%0- 1600
[ 1600 16%
B 1650~ 100
B vw-1%
B 175010
B 120 - 2000

Figure 1. Solar energy potential atlas for Tekirdag province (GEPA, 2019)
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Figure 2. Monthly and daily solar radiation and average temperature values
Sekil 2. Aylik ve giinliik giines radyasyonu ile ortalama sicaklik degerleri

2.2 Ziraatbiyotek Binasi

Calismanin  yiritildiigli ~ Ziraatbiyotek  binast1  Tekirdag ili  Silleymanpasa ilgesi  Naip
Mabhallesi’nde kurulmustur. 40.88° N enlem ve 27.42° E boylaminda yer almaktadir ve deniz seviyesinden
yiiksekligi 24 metredir (Sekil 3). Ziraatbiyotek bilinyesinde AR-GE laboratuvari, modern seralar, bitki doku kiiltiirii
laboratuvarlari, tam kontrollii bitki biiyiitme odalar1 ve egitim salonlar1 bulunmaktadir. Calisma kapsaminda
fizibilite analizinin yapilacag Ziraatbiyotek, iki binadan olusup toplam ¢at1 alanlar1 yaklagik 452 m?*dir.

2.3. Yontem

Bu calismada, T.C. Tekirdag Namik Kemal Universitesi biinyesinde bulunan Ziraatbiyotek binasinin elektrik
enerjisi kullanim miktar1 tespit edilerek, PV sistemi tasarimmin yapilabilmesi igin birtakim parametreler
belirlenmistir. Bu amagla PV sistemlerin performansini etkileyen ozellikler; panelin konumu, egim agisi,
golgelenme panel tipi ve meteorolojik verileri dikkate alinarak segilen alanin giines enerjisi potansiyeli tespit
edilmistir (Altan ve ark., 2021). Ziraatbiyotek binasinin mimari projesi dikkate alinarak PV sisteminin kurulacag:
catilarin alanlar ve panel adeti belirlenmistir. RETScreen yazilimina panellerin 6zellikleri, egim agisi, azimut agisi
ve konum bilgileri girilmistir. PV sisteminin fizibilitesi yapilmistir ve elde edilen veriler yorumlanarak projenin
uygulanabilir oldugu belirlenmistir.

Saha referans kogullar:

9 Tesisin bulundugu yerl segin
Enlem 40,88'N
Boylam 27,42

\’/ Iilim verller! yerini seginiz

®ver
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Figure 3. Determining the building location in the RetScreen program (Ziraatbiyotek building)
Sekil 3. RetScreen programinda bina yerinin belirlenmesi (Ziraatbiyotek binast)

RETScreen’de mali analiz i¢in bazi kabullenmeler yapilmustir;
v' Tirkiye’de devlet 0.133 $ kWh'! destek vermektedir.
v 30.12.2019 tarihinde 1 dolar 5.94 TL dir.
v 1 euro 1.12 Dolar’dir.
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v' Sera gazi azaltma kredi oram 15 $ tCO>"!,
v’ Temiz Enerji (TE) kredi oram 0.007$ kWh!,
v" TE Uretim Kredi Eskalasyon Oran1 %2 “dir.

Azimut agis1 PV sistemlerin giiney yoniinde olmasini gostermekte olup, panel yiizeyine diisen 1ginim miktarini
etkilemektedir. Tiirkiye’de giiney pozisyonunda paneller i¢in azimut agis1 0° olarak kabul edilmektedir (Eremkere
ve Aktas, 2020).

2.4.Polikristal panel sistemin tasarimina yonelik sonuclar

Ziraatbiyotek laboratuvar binasi igin GES santralinin kapasitesi 14 kW tir. Santralda 452 m? alana sahip 60
adet panel kullanilmigtir. Calismada kullanilan panelin tilkemizde bulunmasina dikkat edilmistir. Secilen panelin
markast Astronergy solardir ve her biri 240 W gii¢ kapasitesine sahiptir. RetScreen programina panel egimi 30°,
azimut agis1 0° olarak girilmistir. Panel ile ilgili RETScreen verileri Tablo 1’de yer verilmistir. Tasarim i¢in gerekli
olan ilk yatirim maliyeti ve diger kalemler i¢in mali hesaplamalardaki kabuller Tablo 2’°de verilmistir.

Tablo 1. Panel izellikleri
Table 1. Panel properties

Panel

Tip Poly-si
Maksimum gii¢ (Wp) 240
Panel verimi (%) 14.67
Panel adedi 60
Cergeve alam (m?) 1.636
Toplam modiil alani (m?) 98
Nominal ¢alisma hiicresi sicakligi (°C) 45
Cesitli kayiplar %10
invertor

Verimlilik (%) 98
Kapasite (kW) 5%3
Cesitli kayiplar (%) 1

Ozet

Kapasite faktorii (%) 16

[k maliyetler ($) 21516.5
Isletme ve bakim maliyetleri ($) 616
Sebekeye verilen elektrik (MWh) 20.1
Elektrik ihrag geliri ($) 2677

Tablo 2.Tasarimda kullanilacak ekipmanlar ve diger maliyetler (DBK Enerji)

Table 2. Equipment and other costs to be used in the design (DBK Energy)

PV Sistem Maliyet Birim Miktar
Bilesenleri

PV €W 0.54-0.64
Invertor €/W 0.2-0.25
Konstruksiyon €/W 0.07-0.08
Kablolama DC-AC €/W 0.05-0.07
Koruma Ekipmanlarr) €/W 0.02-0.03
Trafo €/W 0.02-0.03
Uzaktan izleme, Sayac, €/W 0.06-0.07
Panolar

Iscilik+nakliye €/W 0.06-0.07
Toplam (Kdv harig) €W 1.02-1.24

Toplam Panel Maliyeti = 0.59 * 60 * 240 = 8496 €=9515.5%’dr.

Toplam invertor Maliyeti = 0.225 * 3 * 5000 = 3.375€ =3780% dir
Santralin diger maliyet kalemleri toplam 3920-4900 € arasinda hesaplanmistir.
Ortalama deger 4410 € = 4939 $ olarak hesaplara katilacaktir.

Ilk yatirim maliyeti= 18.234+KDV=21516.1$
Bakim onarim maliyeti hesabi igin 0.044$/W olarak kabul edilmistir (Sulukan, 2019)
Bakim onarim Maliyeti = 0.044 * 14000 = 616$
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2.5. Polikristal panellerde golge analizi

Golge analizi i¢in Helioscope programi kullanilmigtir. Programa ilk olarak cografi konum tanimlanmustir.
Tasarimin yapilacagr binanin simiilasyonda alan secimi yapilmistir (Sekil 4). Yazilima cografi konum
belirlendikten sonra, RetScreen programinda belirlenen parametreler panel egimi 30°, azimut acisi 0° ve panel
markast Astronergy Solar olarak tanimlanmigstir. Her iki bina i¢in belirlenen parametrelere gore golge analizi
yapilmistir ve ¢iktilar degerlendirilmistir (Sekil 5). Sonuglar birinci bina igin kullanilmayan teras alan1 47 m? *dr.
Birinci ¢at alan1 =318 m? *de ise 51 panel (12 kWp) %8.5 golge kaybr elde edilmistir. Tkinci binada ise cat1 alant
~87 m*’de 9 panel (2.2 kWp) %0.8 golge kayb1 ortaya ¢ikmistir.

OHelioScope  « [swask

Design 2

Field Segments
Field segments cast shadows

Description Modules  Action

51 Modules, 12.2kWp

Questions? Ask us!

Figure 4. Selecting the building area in the Helioscope program
Sekil 4. Helioscope prograninda bina alaninin secilmesi

OHelioScope -~ [asssss

Design 1

.............

<> ‘Showing Array
L & O

Module Shading Optimization

Nameplate: 2.16 kWp
Energy: 1.89 MWh
Shade Losses: 0.8%

Module Shading Cutoff 2%

e ———————)

Nameplate Reduction 0.0% (0 modules)

Remove 0 Shaded Modules

Questions? Ask us!

Figure 5. Shadow analysis in Helioscope program
Sekil 5. Helioscope programinda golge analizi

3. Tartisma ve Sonug¢
3.1. Enerji Analiz Sonuclart

RetScreen programina meteorolojik degiskenler ve kullanilan panel 6zellikleri yazilima girildikten sonra
aylik ve yillik toplam enerji iiretimleri tespit edilmistir. Tablo 3’de aylik bazdaki sonuglara gore; Aralik ayinda
0.816 MWh en az elektrik iiretimi elde edilmis olup, en yiiksek elektrik tiretimi ise 2.400 MWh ile Temmuz
aymda gerceklesmistir. RETScreen yazilimi ile elde sonucta yillik toplam 20.126 MWh’lik elektrik {iretimi
elde edilmistir.
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Tablo 3. Polikristal panelin aylik ve yillik enerji iiretim miktarlari
Table 3. Monthly and annual energy production amounts of the polycrystalline panel

Giinliik giines  Giinliik giines

A radyasyonu — radyasyonu- Sebekeye verilen
y yatay egimli elektrik MWh
kWh/m2/g kWh/m2/g
Ocak 1.66 2.48 0.982
Subat 243 3.23 1.151
Mart 3.61 4.25 1.650
Nisan 4.82 5.10 1.870
Mayis 6.13 5.98 2.213
Haziran 7.00 6.56 2.297
Temmuz 7.06 6.74 2.400
Agustos 6.25 6.44 2.292
Eyliil 4.85 5.60 1.968
Ekim 3.03 3.89 1.460
Kasim 1.88 2.74 1.027
Aralik 1.37 2.06 0.816
Yilhk 4.18 4.60 20.126

3.2. Cevresel Analiz Sonuclar

Yapilan gevresel analize gore, PV sisteminden elde edilen 20.1 MWh’lik enerji 9.5 tCO2 sera gazi saliniminin
azaltim1 s6z konusudur ve Sekil 6’da gosterilmistir. Ayrica 22.1 kullanilmayan ham petrol varili veya 1.7 adet
trafikte kullanilmayan arag ve kamyonet azlig1 saglanmistir. Sistemin 20 yilda azaltacagi net sera gazi emisyonu
190 tCO2 dur.

0

— YOm0

Baz durum Onerilen durum

Seragazi emisyonu (tCO.)

o o~

Agikdama 95 tC0, esdegeri 17

Brit yillk seragaz: emisyonu azaltimi (93%) Kullaniimayan araba ve kamyonetler

Figure 6. Greenhouse gas emission reduction
Sekil 6. Sera gazi emisyon azaltinu

3.3. Finansal Analiz Sonuclari

Tiirkiye’de devlet on yi1l boyunca 0.133 $ kWh™’ten enerji alim garantisi vermektedir. Sistemin elde
edecegi bir yillik elektrik enerjisi miktari dikkate alindiginda santraldan yillik 20.126 MWh x 133 $ MWh'! =
2 676.8 $ gelir saglayacaktir. Bu gelire ilaveten sera gazi emisyon destegi eklendiginde yillik 2960 § gelir
saglanmistir. Yapilan finansal analiz sonuglarina gore; ilk senaryoda emisyon azaltim destegi dahil edilmemis
ve sistemin geri 6deme siiresi 10.4 yil, digerinde ise 15$ tCOx! ile y1llik 142$ destek dahil edilmis ve sistemin
geri 6deme siiresi 9.8 y1l olarak elde edilmistir.

iki farkli senaryo icin mali akis grafigi Sekil 7 ve Sekil 8’te verilmistir. Finansal analiz sonuglari ise Tablo
4’te verilmistir.

Literatiir ile elde edilen sonuglar karsilastirildiginda; Delice ve Yaslioglu (2021), PVSOL programi
kullanilarak ahir igletmesinde en diisiik enerji iiretimi ise Aralik ve Ocak aylarinda gergeklesmis olsa bile ahir
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ihtiyacinin karsilayabilecek diizeyde elektrik iiretimi saglandig1 ifade edilmistir. Bu calismada ise bu aylarda
strastyla yaklasik %11 ve %13 civarinda elektrik ihtiyacinin karsilandig: belirlenmistir.

Tablo 4. Finansal analiz sonuclar
Table 4. Financial analysis results

Toplam ilk maliyet ($) 21516
Toplam yillik maliyet ($) 2270
Enflasyon orani 7.7
Iskonto ve yeniden yatirim orani 9
Proje omrii-yil 20
Yillik ciro
Elektrik ihrag geliri ($) 2677
Yillik sera gaz1 azaltimi (tCOz) 9
Net sera gazi azaltimi — 20 yillik 190
Sera gaz1 azaltim geliri ($) 0
142
TE tiretimi (MWh) 20.1
TE {iretim geliri -20 y1l ($) 141
Toplam yillik tasarruf ve gelir ($) 2 818
2960
Finansal siirdiiriilebilirlik
Vergi o6ncesi IGO varliklar (%) 15.4
16.0
Basit geri 6deme (y1l) 10.4
9.8
Oz sermaye geri 6deme (y1l) 7.5
7.2
80.000 —
s 60.000 —
; 40.000 —
:
E 20.000 —|
0
a0 T T T T T | T T T T
0 2 4 6 8 10 12 14 16 18 20

Figure 7. Financial flow chart for polycrystalline panel design (Without Greenhouse Gas Emission Support)

Sekil 7. Polikristal panel tasarimi icin mali akis grafigi ( Sera Gazt Emisyon Desteksiz)

664



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2022, 19(3)

80.000 —

60.000 —

40.000 —

20.000 —

Kiimiilatif nakit akiglari (S)

-20.000 —

T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20

Figure 8. Financial flow chart for polycrystalline panel design (Greenhouse Gas Emission Supported)

Sekil 8. Polikristal panel tasarimi icin mali akig grafigi ( Sera Gazi Emisyon Destekli)

NASA Meteorological Data, MATLAB/ Simulink, Helioscope ve RETScreen gibi yazilimlari kullanilarak sera
gazi emisyon azaltimin da yaklagik yillik 1683 $ kazanmistir (Ahmed ve ark., 2020). Biiyiikzeren ve ark. (2015)
yaptig1 ¢aligmada ise, RETScreen yazilimini kullanilarak sera gazi azaltim destegi dahil edilmesi ile 10668$ ek
kar elde edilmistir ve sistemin geri ddeme siiresini azaldig1 belirtilmistir. Sisteme, sera gazi emisyonu destegi dahil
edildiginde y1llik ek destegin 6nemli faktor oldugu yapilan caligmalar ile paralel sekilde elde edilmistir.

4. Sonug¢

Calismada, Ziraatbiyotek binasmnin aylik elektrik tiiketim miktar verileri incelenmistir. Naip Mahallesi
Silleymanpasa yerleskesinde bulunan Ziraatbiyotek 2 binadan olusmaktadir. Tablo 5’te yerleskenin aylara gore
yillik elektrik tiiketim miktarlar1 gosterilmektedir.

Tablo 5. Giines Enerjisi Sistemi Verilerin Aylara Gore Yillik Elektrik Tiiketim Miktarlari Karsilastirilmasi
Table 5. Comparison of Annual Electricity Consumption Amounts of Solar Energy System Data by Months

Aylar Ziraatbiyotek Sebeke Sebeke Elektrik Elektrik
Ges Elektrik Elektrik Elektrik Giderleri Giderleri
Uretimi  (kWh) Tiiketimi Tiiketimi (TL) (TL)
RetScreen (kWh) (kWh) GES’ten GES’ten
Sonuglarina GES’ten GES’ten once sonra
Gore Once sonra
Ocak 982 7363.4 6381.4 5017.6 4530.794
Subat 1151 3492.9 2341.9 2685.2 1662.749
Mart 1650 5356.4 3706.4 3935.6 2631.544
Nisan 1870 4763.6 2893.6 3590.3 2054.456
Mayis 2213 3145 932 2583.9 661.72
Haziran 2297 2784.8 487.8 2357.9 346.338
Temmuz 2400 3258.5 966.5 3017.3 686.215
Agustos 2292 2889.8 921.8 2749.8 654.478
Eyliil 1968 2690.4 1230.4 2589.2 873.584
Ekim 1460 3358.5 2331.5 35235 1655.365
Kasim 1027 4792.9 3765.9 4729.8 2673.789
Aralik 816 6940.56 6124.56 5430.6 4348.438
Toplam 20126 50836.7 32083.7 42210.7 22779.4

Bir fotovoltaik giines enerjisi santralinin uygulanmadan dnce segilen yerin uygunlugunun belirlenmesi ve
fizibilite calismasinin yapilmasi yatirimeilar i¢in dnemli bir avantaj saglamaktadir. Buna ilaveten, sera gazi azaltim
destegi de eklendigi zaman PV sistemlerine ilgi gitgide artacaktir. Elde edilen sonuglara gore, PV santralinden
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yillik toplam 20.1 MWh enerji tiretilmistir. Finansal kismi degerlendirildiginde; sisteme ikinci senaryodaki destek
eklendigi zaman yillik 142 $ ek kar elde edildigi ve sistemin geri ddeme siiresinin azaldigi gorilmistiir.
Ziraatbiyotek binasmna 14 kW’lik giines enerjisi sistemi kuruldugu takdirde yillik elektrik ihtiyacinin
yaklagik %40°1m1 giines enerjisinden karsilanmig olacagi elde edilmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Comparison of Hatching Results, Growth Traits, and Slaughter-Carcass Characteristics
of Japanese Quails Classified by Hatching Egg Weight

Kulugkalik Yumurta Agirligina Gore Siniflandirilan Japon Bildircinlarinda Kulugka
Sonuglar1, Biiyiime Ozellikleri ve Kesim-Karkas Ozelliklerinin Karsilastirilmasi

Giilsah OZCALISAN", Fatih SAHIN?, Hasan KARAKELLE?, Dogan NARINC*

Abstract

The aim of this study is to determine the hatching characteristics, growth performance and slaughter-carcass traits
of Japanese quails obtained from hatching quail eggs divided into four classes (G1: less than 8 g, G2: between 8-
10 g, G3: between 10-12 g, and G4: heavier than 12 g) according to egg size. The animal material of the study
consisted of chicks (60 birds were used in each group) obtained from a total of 525 eggs simultaneously obtained
from a Japanese quail parent flock (random mated, not previously selection applied, at 16 weeks of age). The mean
values of fertility in G2 and G3 were found to be higher than those of the other groups (P<0.05). There were no
differences between the egg weight groups for either early or late embryonic mortality means. Also, there was no
difference between the groups in terms of hatchability. Quail chicks obtained from light eggs had the lowest
average (96.43%) in terms of chick quality determined by the Tona score method (P<0.05). A positive-linear
relationship was found between egg weight and chick weights, and chick weight averages increased as egg size
increased (P<0.05). According to the results of the profile analysis performed using weekly body weight values,
the chick weight difference between egg weight classes was also reflected in the growth profiles. The growth
profile of quails obtained from heavy class eggs were higher than the others (P<0.05). The mean values of
asymptotic weight parameter and body weight at inflection point of Gompertz growth model were higher in quails
obtained from heavy eggs (both P<0.05). There was no difference between the experimental groups in terms of
carcass yield and percentages of carcass parts, but the lowest abdominal fat ratio was found in the G1 group
(P<0.05). As aresult, it can be thought that the use of higher weight hatching eggs in the incubation of Japanese
quails raised for meat yield will provide economic benefits.
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Oz

Bu ¢alismanin amaci, yumurta biiyiikliigiine gore dort sinifa ayrilan (G1: 8 g'dan diisiik, G2: 8-10 g arasi, G3: 10-
12 g aras1 ve G4: 12 g'dan agir) kuluckalik bildircin yumurtalarindan elde edilen Japon bildircinlariin kulucka
ozelliklerini, bitylime performanslarini ve kesim-karkas 6zelliklerini belirlemektir. Aragtirmanin hayvan materyali,
bir Japon bildircin ebeveyn siiriisiinden (rastgele ¢iftlestirilmis, daha 6nce seleksiyon uygulanmamis, 16 haftalik
yasta) es zamanli olarak toplanan 525 yumurtadan elde edilen civcivlerden (her grupta 60 bildircin) olugmaktadir.
G2 ve G3'te dolliiliik ortalamalart diger gruplara gore daha yiiksek bulunmustur (P<0.05). Erken ve ge¢ dénem
embriyonik 6liim ortalamalari i¢in yumurta agirlik gruplari arasinda fark bulunmamustir. Benzer sekilde ¢ikis giicii
acisindan da gruplar arasinda fark bulunmamustir. Tona skor yontemi ile belirlenen civciv kalitesi agisindan hafif
yumurtalardan elde edilen bildircin civcivleri en diisiik ortalamaya (%96.43) sahip olmustur (P<0.05). Yumurta
agirhigr ile civeiv agirliklart arasinda pozitif-dogrusal bir iliski bulunmus ve civciv agirlik ortalamalari yumurta
agirhg arttikga artmistir (P<0.05). Haftalik canli agirlik degerleri kullanilarak yapilan profil analizi sonuglarina
gore yumurta agirhk smiflarn arasindaki civeiv agirhik farki biiyiime profillerine de yansimistir. Agir sif
yumurtalardan elde edilen bildircinlarin biiyiime profili digerlerine gore daha yiiksek bulunmustur (P<0.05). Agir
yumurtalardan elde edilen bildircinlarda, Gompertz bilylime modelinin biikiilme noktasindaki canli agirlik ve
asimptotik agirlik parametresi ortalama degerleri daha yiiksek olarak tahmin edilmistir (her ikisi de P<0.05).
Deneme gruplar arasinda karkas randimani ve karkas pargalarinin oranlar agisindan fark bulunmazken, en diisiik
abdominal yag oram1 G1 grubunda bulunmustur (P<0.05). Sonug¢ olarak et verimi i¢in yetistirilen Japon
bildircinlarinin kulugkasinda daha yiiksek agirlikta kulugkalik yumurtalarin kullanmilmasiin ekonomik fayda
saglayacag diisiiniilebilir.

Anahtar Kelimeler: Yumurta agirligi, Yumurta biiyiikliigii, Tona skoru, Gompertz biiylime egrisi, Dolliililk
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1. Introduction

Incubation is one of the most important elements of commercial poultry production. There are many
environmental and genetic factors that affect healthy embryo development, high hatchability, and high-quality
chick numbers. One of them is the weight of hatching eggs (Celik et al., 2015; Naring and Aydemir, 2021a). It is
known that there is a positive and strong relationship between increasing body size and egg weight in poultry, both
within and between species. Egg weight and yolk content are also associated with incubation period, early
development degree, and yolk reserves needed by the hatchling (Wilson, 1991).

Oral Toplu et al. (2007) reported that eggs that are smaller and larger than normal should not be used in order
to obtain optimum hatchability. Sar1 et al. (2010) and Hegab and Hanafy (2019) reported that the fertility and
hatchability were higher in the heavy egg size group in Japanese quails. Sar1 et al. (2010) reported that both early
and late embryonic deaths increased as egg weight decreased. Petek et al. (2005) and Sari et al. (2010) found that
the mortality value of quail chicks obtained from small eggs was also higher than other egg size groups. Elibol and
Brake (2008) observed that fertility decreased as age of breeder flock and egg weight increased. This effect was
partially explained by a relationship between breeder age and egg weight. Igbal et al. (2016) divided broiler breeder
eggs into three groups and claimed that the best results in terms of fertility, hatchability and embryonic mortality
were obtained from small size eggs. Ulmer Franco et al. (2010) reported that low hatchability and high late
embryonic mortality were observed in eggs larger than the average eggs of broiler breeders. On the other hand,
Gahri et al. (2015) claimed that there was no difference between the groups classified according to egg weight in
terms of fertility and hatchability in broiler hatching eggs.

In many studies, it has been reported that there is a positive and strong relationship between egg weight and
hatch weight (Abiola et al., 2008; Alabi et al., 2012; Igbal et al., 2016; Karaman and Bulut, 2018). In some studies
(Petek et al., 2003; Alkan et al., 2008; Caglayan and Inal 2006), it has been suggested that there is a positive-linear
relationship between egg weight and weekly body weight values at the post-hatch period, and that the weight at
the end of fattening is also affected by this. Abiola et al (2008) divided the hatching eggs into three different
categories and reported that the carcass yield of broiler chickens hatched from heavy eggs was higher than the
other groups, while the abdominal fat ratio of chickens in the small size egg group was the lowest. There are also
studies reporting results contrary to these findings. Researchers claimed that heavy chicks obtained from heavy
eggs tend to lose these characteristics with age (Yildirim and Yetisir, 1998; Giircan and Cobanoglu, 2012; Duman
and Sekeroglu, 2017; Karaman and Bulut, 2018).

When the literature reports on the subject are examined, it is seen that there are conflicting results about the
relationship between egg weight, hatching, growth and slaughter carcass characteristics in different poultry species.
The aim of this study is to determine the hatching characteristics, growth performance and slaughter-carcass traits
of Japanese quails obtained from hatching quail eggs divided into four classes (less than 8 g, between 8-10 g,
between 10-12 g and heavier than 12 g) according to egg size.

2. Materials and Methods

The experiment was conducted at the Animal Science Department, Faculty of Agriculture, Akdeniz University,
Turkey. The care and use of animals were in accordance with laws and regulations of Turkey and approved by
Ministry of Food, Agriculture and Livestock and Animal Experiments Local Ethics Committee of Akdeniz
University (decision number 2020.04.117). The animal material of the study consisted of chicks obtained from a total
of 525 eggs simultaneously obtained from a Japanese quail parent flock (random mated, not previously selected, at 16
weeks of age). A total of four egg weight groups were formed in the study. Eggs were classified according to their
weight as being less than 8 g (G1), 8-10 g (G2), 10-12 g (G3) and heavier than 12 g (G4). The number of eggs in the
experimental groups was 101, 135, 166 and 123, respectively. The hatching eggs were placed in a commercial
incubator and maintained at a constant temperature of 37.5 °C and 55% relative humidity for the first 15 days, and
37.2 °C temperature and 70% relative humidity for the last three days. The number of chicks hatched at the end of
incubation, the number of fertile eggs, early and late embryonic deaths were determined (Aygiin et al., 2012). 60 quail
chicks from each experimental group were selected by chance, their wing numbers were attached, and body weight
measurements were made. All hatched chicks were examined to score using Tona method for quality (Tona et al.,
2003). Tona chick quality score is a qualitative scoring system that assess total score index of 100 based on a wide
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variety of visual parameters, such as activity, appearance, retracted yolk, eye condition, leg and feet condition, navel
deformities and status, remaining egg membrane, beak condition, and remaining yolk (Naring and Aydemir, 2021b).
Individual body weight measurements of quails were made weekly. Quail chicks were housed in brooding cages (90
cm?/quail) for the first three weeks, after sex determination in the third week, then they were transferred to fattening
cages (160 cm*quail) and they were housed here until the slaughtering age of 42 day. A grower diet containing 24%
CP and 2,900 kcal of ME/kg for the first 21 d, and a fattening diet containing 21% CP and 2,800 kcal of ME/kg were
used. Ad libitum feeding, water and a 23-hours/day lighting program were applied from hatch to the end of the study.

To obtain the estimates of individual growth curve parameters, all quail were weighed weekly from hatching to 6
weeks of age. The Gompertz non-linear regression model (Eq. 1) was used to estimate growth curve of each quail
(Naring et al., 2010a; Naring et al., 2017).

ye = Boe(-Pre"2) (Eq.1)

where y,is the weight at age t, 3, is the asymptotic (mature) weight parameter, 3, is the scaling parameter (constant of
integration) and (3, is the instantaneous growth rate (per day) parameter (Akbas and Yaylak, 2000; Naring et al., 2010a).
The Gompertz model is characterized by an inflection point in a manner such that 3, /e of the total growth occurs prior
to it and the remainder occurring after. The coordinates of the point of inflection, age, and weight at inflection point
(IPA and IPW, respectively), were obtained as follows (Eq 2,3):

IPW = B, /e (Eq.2)

IPA = In(B,)/B- (Eq.3)

At 6 weeks of age, the body weights of all birds were determined 4 hours after feed withdrawal and slaughtered in
an experimental processing plant. The birds were manually cut, bled out, scalded (55°C, 2 min), defeathered with
equipment, manually eviscerated, and the abdominal fat pad (from the proventriculus surrounding the gizzard down to
the cloaca) was taken, chilled in an ice-water tank, and drained (Naring et al., 2013). Next day, after carcass dissection,
breast with bone and the remaining abdominal fat on cold carcasses were weighed using an electronic digital balance
with a sensitivity of 0.01 g. Slaughter and dissection were performed by same experienced operators. Cold carcass,
breast, leg, wing, and total fat pad yields were calculated in relation to body weight at 6 weeks of age.

Profile analysis technique, which is one of the multivariate analysis of variance (MANOVA) methods, was
used to test the difference between groups in terms of growth samples according to weekly individual body weight
values (Sabuncuoglu et al., 2018). The nonlinear regression analyses for Gompertz growth curves of birds were
performed using NLIN procedure of SAS 9.4 statistics software. The descriptive statistics, Shapiro Wilk normality
tests, and hypothesis tests of the traits were obtained using UNIVARIATE and GLIMMIX procedures of SAS 9.4
statistics software (SAS Ins., 2009).

3. Results and Discussion

The average values of fertility, embryonic mortality, hatchability, chick quality and hatch weight of quails, and
the results of variance analyses are given in Table 1. The mean values of eggs in G2 and G3 were found to be
higher than those of the other groups in terms of fertility (P<0.05). Sar1 et al. (2010) found the fertility rate higher
in the heavy egg groups than the light egg groups in Japanese quails. In the study conducted by Petek et al. (2005),
it was reported that there was no difference in terms of fertility characteristics between egg weight groups classified
as small, medium, large, and jumbo. Researchers reported that the average fertility of eggs in these groups was
86.54%, 90.03%, 90.05% and 92.12%, respectively. Similarly, Mirahmetoglu and Celen (2017) divided quail eggs
into three groups as smaller than 11 g and larger than 11.9 g, and reported that there was no difference in fertility
rate between the experimental groups. There are many factors that affect fertility. These include breeder flock age,
genotype, health status, feed content, rearing type, incubation conditions, egg storage period and conditions (Okur
and Samli, 2013; Naring and Aydemir, 2021a). Some studies investigated the effects of both breeder age and egg
weight on fertility. In the study carried out by Sari et al. (2010), it was determined that as the age of the parents
increased, fertility decreased, and on the contrary, as the egg weight increased, fertility increased. In our study,
eggs of quails at a fixed age (16 weeks of age) were evaluated, and the weight difference is only due to the genetic
structure of the birds. In this case, it can be thought that optimum weight eggs should be used for maximum fertility.
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Table 1. The hatching results, and results of variance analysis

- - Tona Hatching
Group Fertility EEM LEM Hatchability Score Weight
Gl 86.87° 9.27 9.36 81.37 96.43° 5.261
G2 91.25* 8.92 9.11 81.97 98.24* 6.65¢
G3 92.46* 9.12 8.75 82.13 98.74* 7.90°
G4 87.71° 9.01 9.13 81.86 98.56* 8.94°
SEM 0.16 0.05 0.06 0.09 0.11 0.06
P Value 0.001* 0.644 0.540 0.332 0.034* 0.000%*

*P<(.05, EEM: Early embryonic mortality, LEM: Late embryonic mortality, *¢: Different letters in the same
column indicate statistical difference

There were no differences between the egg weight groups for either early or late embryonic mortality means
(both P>0.05). In the study, early embryonic mortality was between 8.92% and 9.27%, and late embryonic
mortality was between 8.75% and 9.36% (Table 1). Igbal et al. (2016) and Gahri et al. (2015), who classified
broiler breeder eggs into three groups according to their weight, reported that the highest mean values of embryonic
mortality were in large eggs. However, Othman et al. (2014) claimed that the lowest late embryo mortality was in
large eggs in the results of their study, which divided Japanese quail hatching eggs into three classes. Oral Toplu
et al. (2007), who found similar to our results, reported that there were no differences between the groups in terms
of early and late embryonic mortality in quail hatching eggs divided into three egg weight groups. In many similar
studies (Caglayan and Inal, 2006; Caglayan et al., 2009; Duman and Sekeroglu, 2017; Karaman and Bulut, 2018;
Kiriker et al., 2018), it has been reported that egg weight classes have no effect on embryo mortality.

In the study, the average values of hatchability in all groups were found between 81.37% and 82.13% (Table
I). There was no statistical difference between egg weight groups in terms of hatchability (P>0.05), which
represents the ratio of chicks hatched from fertile eggs. Similarly, Caglayan and Inal (2006) and Oral Toplu et al.
(2017) in quails, Gahri et al. (2015) in broilers, and Kirik¢1 et al. (2018) in partridges divided the breeder eggs into
various weight classes, and reported that there was no difference between the egg weight groups in terms of
hatchability. There are conflicting reports in the literature regarding the relationship between egg weight and
hatchability in poultry. Many researchers (Elibol and Brake, 2008; Alkan et al., 2008; Caglayan et al., 2009; Sar1
et al., 2010; Igbal et al., 2016) who classified quail and chicken eggs according to their weight reported that the
highest average hatchability was in light eggs. Abiola et al. (2008) and Alabi et al. (2012) reported that the highest
hatchability rate in hatching chicken eggs was in the medium weight class. On the contrary, Petek et al. (2005) and
Hegab and Hanafy (2019) found the highest hatchability rate in quail hatching eggs in the high egg weight groups.
The reasons for these different results may be the genetic improvement status of the birds, the storage conditions
and duration of hatching eggs, and breeder flock age.

Chick quality is a characteristic that directly determines the number of saleable chicks and can be measured by
both qualitative (Tona, Pasgar) and quantitative methods (various morphological measurements). Chick quality
primarily depends on breeder age due to changes in hatching egg weight and egg quality characteristics (Ipek and
Sozcii, 2013). As the breeder flock age increases, egg and yolk weight increase and shell thickness decreases
(Peebles et al. 2000). As the breeder age increases, the chick weight also increases, but the quality of the chick
declines (Tona et al., 2004). Because of this dilemma, it is thought that the chick quality determined by qualitative
methods is more consistent than quantitative methods (Naring and Aydemir, 2021b). In this study, chicks obtained
from light eggs had the lowest average (96.43%) in terms of chick quality determined by the Tona score method
(P<0.05). Elibol and Brake (2008), who divided broiler breeder eggs into three categories as small, medium, and
large according to their weight classes, reported that the rates of second quality chicks were 2.86%, 2.13%, and
2.03%, respectively. The researchers found that the quality of chicks from light hatching eggs was poor, which is
in agreement with the findings of this study.

In the study, a linear relationship was found between egg weight categories and chick weights (Table 1), and
chick weight averages increased as egg category increased (P<0.05). Similar results have been obtained in many
studies on the subject (Y1ldirim and Yetisir, 1998; Petek et al., 2003; Caglayan and Inal, 2006; Oral Toplu et al.,
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2007; Abiola et al., 2008; Alkan et al., 2008; Alabi et al., 2012; Gahri et al., 2015; Igbal et al., 2016; Duman and
Sekeroglu, 2017; Igbal et al., 2017; Karaman and Bulut, 2018; Kirik¢ et al., 2018; Hegab and Hanafy, 2019). In
some of these studies, it has been reported that heavy chicks obtained from heavy eggs maintain these advantages
until the end of fattening (Petek et al., 2003; Caglayan and Inal, 2006; Abiola et al., 2008; Alkan et al., 2008). In
some studies, it has been reported that the difference in hatch weight disappears over time and the slaughter weight
is not affected by egg weight size. According to the results of the profile analysis performed using weekly body
weight values in our study, the chick weight difference between egg weight classes was also reflected in the growth
profiles (Table 2). Statistical differences were found between the growth profiles of quails and the growth profile
of quails obtained from heavy class eggs were higher than the others (P<0.05).

Table 2. The mean values of weekly body weight, and results of profile analysis

Sequential

Week Gl1 G2 G3 G4 SE P Value!
1-7 17.82¢ 20.31° 19.51° 22.68* 0.39 0.000*
7-14 31.19¢ 37.81° 37.12° 44,942 0.80 0.000*
14-21 48.80°¢ 59.57° 55.65° 66.50* 1.04 0.000*
21-28 77.24°¢ 95.78° 96.61° 110.19* 1.40 0.000*
28-35 108.11°¢ 127.61° 132.57° 148.73? 1.62 0.000*
35-42 131.124 155.01°¢ 165.58° 178.78* 1.62 0.000*
Overall? 0.001*

*P<(0.05, ' MANOVA results, ? Profile analysis result (P value of Lawley—Hotelling Trace), *¢: Different letters
in the same row indicate statistical difference

Table 3. The parameters of Gompertz growth curve

Group Po [ B2 IPW IPA
Gl 202.45¢ 3.87 0.051 74.70° 26.62
G2 212.91¢ 3.93 0.058 78.56° 23.77
G3 256.28° 3.99 0.052 94.57° 25.34
G4 269.63* 3.84 0.052 99.50° 25.75
SEM 4.12 0.21 0.001 1.56 0.57

P Value 0.000 0.245 0.365 0.000 0.124

*P<0.05, Bo, Po, Po: Gompertz model parameters, IPW: Weight of point of inflection, IPA: Age at point of
inflection *¢: Different letters in the same column indicate statistical difference

The results of Gompertz growth curve analyzes performed using weekly body weight data of quails in the
experimental groups are given in Table 3. The coefficients of determination in all nonlinear regression analyzes
were found to be between 0.992 and 0.998 (not included in any table). In this case, it was determined that the
Gompertz growth curve model was quite sufficient to explain the quail data. The mean values of mature
(asymptotic) weight parameter (Bo) of the Gompertz growth model were estimated as 202.45, 212.91, 256.28, and
269.63 g for G1, G2, G3, and G4 respectively (Table 3). A positive linear relationship was determined between
the Po parameter of the Gompertz model and egg weight classes, and an increase in the mature weight parameter
was determined as the egg size increased (P<0.05). To our best knowledge, there is no study in the literature that
analyzed growth using nonlinear regression models in poultry from eggs separated by weight class. In studies in
which the growth of Japanese quails was examined with the Gompertz model, the mature weight parameter was
found in the range of 208.30-265.78 g (Akbas and Oguz, 1998; Naring et al., 2010b; Alkan et al., 2009; Kaplan
and Giircan, 2018; Naring and Geng, 2021). In the study, Bo parameter averages (241.57-260.23 g) obtained from
all three experimental groups were found to be compatible with mature weight parameter values reported in the
literature.
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Figure 1. Growth curves estimated by the Gompertz model by experimental groups

The growth curves of the quails in the experimental groups drawn with the Gompertz model are presented in
Figure 1. In the study, no statistical differences were found between the experimental groups in terms of shape
parameter (B1) and instantaneous growth rate parameter (B2) of the Gompertz function (both P>0.05). In the study,
the integration coefficient parameter (B1) of the Gompertz growth function for quail growth samples was estimated
in the range of 3.84-3.99. The results obtained were found to be compatible with the estimated values (3.65-4.00)
for randomly mating flocks that were not selected by many researchers (Akbas and Oguz, 1998; Balcioglu et al.,
2005; Alkan et al., 2009; Naring et al., 2010a; Naring and Geng, 2021). Small values for 2 parameter indicate late
maturation and high adult weight. On the other hand, high B2 values represent early maturation and lower adult
weight (Akbag and Yaylak, 2000). In the study, the 2 parameter of the Gompertz model was found to be between
0.051 and 0.058. These values are in line with the results (0.046-0.065) reported by many researchers (Beiki et al.,
2013; Giircan et al., 2017; Kaplan and Giircan, 2018; Narin¢ and Geng, 2021; Naring and Sabuncuoglu, 2022)
fitting growth in Japanese quails using the Gompertz model.

A statistical difference was found between the egg weight groups in terms of the body weight of the inflection
point of the sigmoid Gompertz model (P<0.05). The highest mean value (99.50 g) of point of inflection weight
was observed in the G4 group, while the G1 quails had the lowest mean value (74.70 g) of the body weight of the
inflection point. This supports the view that chicks hatching from heavy eggs maintain their superior body weight
values. In addition, no statistical difference was found in the experimental groups in terms of the inflection point
age of the Gompertz model. The estimated inflection point ages in the experimental groups were between 23.77
days and 26.62 days. In the study, the estimated values for the inflection point age of the Gompertz model in quails
in different groups were found to be compatible with the results (21.20-27.88 days) of many studies (Alkan et al.,
2009; Kaplan and Giircan, 2018; Naring and Sabuncuoglu, 2022).

The carcass characteristics of quails obtained from eggs classified according to their size, determined by
slaughtering at the end of the 42-day fattening period, are presented in Table 4. The cold carcass yields of quails
in G1, G2, G3 and G4 groups were 70.14%, 69.88%, 70.08%, and 69.84%, respectively. No difference was
observed between the experimental groups in terms of carcass yield (P>0.05). Duman and Sekeroglu (2017), who
divided the breeder broiler eggs into three weight groups, reported that there was no difference between the groups
in terms of carcass yields of chickens slaughtered at the end of the experiment. Alabi et al. (2012), who obtained
similar results, divided the hatching eggs of a domestic chicken breed into three groups, and reported that there
was no difference between the carcass yields of the chicks at the end of fattening. The finding for carcass yield in
our study is consistent with the results reported by Duman and Sekeroglu (2017) and Alabi et al. (2012).
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Table 4. The mean values of slaughter-carcass traits, and results of variance analysis

Group Carcass (%) A;:??;Sal Breast (%) Leg (%) Wing (%)
Gl 70.14 0.89¢ 26.32 15.96 6.12
G2 69.88 1.11° 26.42 16.08 6.25
G3 70.08 1.15° 26.76 15.88 6.14
G4 69.84 1.43% 26.81 15.81 6.31

SEM 0.22 0.08 0.18 0.12 0.10

P Value 0.322 0.012* 0.654 0.755 0.486

*P<0.05, *9: Different letters in the same column indicate statistical difference

The averages determined for the abdominal fat ratio (proportioned to slaughter weight) in the study were 0.89%,
1.11%, 1.15%, and 1.43% in the G1, G2, G3, and G4 groups, respectively (Table 4). Among the experimental
groups, the highest abdominal fat ratio (1.43%) was obtained from the quails in the G4 group, while the abdominal
fat ratio (0.89%) of the quails in the G1 group was the lowest (P<0.05). Abiola et al. (2008), reporting a concordant
result, found that broiler chickens hatched from small eggs had the lowest abdominal fat percentage at the end of
the fattening period.

There were no differences between egg weight groups in terms of the mean values of breast, thigh, and wing
percentage, which are other important parts of the carcass (all P>0.05). Similar to our findings, Alabi et al. (2012)
and Duman and Sekeroglu (2017) who examined the slaughter-carcass characteristics of broiler chickens obtained
from hatching eggs divided into classes, also reported that no differences between treatment groups were
determined for breast, thigh and wing characteristics.

4. Conclusions

As a result of the incubation of hatching quail eggs divided into weight classes, it was determined that the best
results were obtained from eggs with optimum size (G2 and G3 groups) according to fertility and chick quality
characteristics. No negative results were encountered in heavy eggs in terms of hatchability and embryo deaths. Besides,
the highest values in terms of hatch weight, weekly body weight values and general growth were determined in quails
obtained from heavy eggs (G1 group). As a result, it can be recommended to use heavy hatching eggs in order to obtain
better performance from quails planned to be reared for fattening.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Yetistirici Kosullarindaki Kilis Kecilerinin Laktasyon Siit Verimi ve Siit Kalite Ozellikleri
Uzerine Bir Calisma

A Study on Lactation Milk Yield and Milk Qualtiy Characteristics of Kilis Goats in Farm
Conditions

Irfan DASKIRAN', Ayhan YILMAZ?, Veysel Serkan GUNBEY'

Oz

Keci, diger ciftlik hayvanlari ile karsilastirildiginda elverissiz gevre kosullarina yiiksek seviyede uyum saglayan ve
diger tiirlerin yararlanamadi81 besin maddelerini siit, et, deri ve kil gibi degerli hayvansal iirlinlere donistiirebilme
yetenegi yiliksek bir tirdiir. Kilis kecisinin yetistirilme bolgelerindeki geleneksel dondurma iiretimi ve keci
peynirine olan talep dikkate alindiginda, siit bilesenleri lizerinde yapilacak aragtirmalarda seleksiyon 6lgiitii olarak
bu kriterlerin iizerinde durulmasini biiyiik 6nem arz etmektedir. Bu ¢alisma, Kilis kegilerinde laktasyon siit verimi
ve siit kalite ozellikleri arasi iligkileri belirlemek amaciyla yapilmistir. Siit verimi ve laktasyon siiresinin
saptanmasinda Kilis merkezde bulunan iki farkli isletmeden toplam 170 bas Kilis kecisi deneme materyali olarak
kullanilmustir. Kilis kegilerinde laktasyon siit verimi ve siiresine iliskin tanimlayici degerler; 201.05+6.75 kg ve
225.2247.75 giin olarak bulunmustur. Calisma materyali kegilerde, siit kalite 6zellikleri olarak degerlendirilen
toplam kuru madde (TKM), yag (%), protein (%), laktoz (%), kazein (%) degerleri sirasiyla; 12.1754 0.125, 4.025+
0.088, 3.346+0.054, 4.068+ 0,027, 2.563+0,040 olarak belirlenmistir. Aragtirmamizda siit protein orani ile siit kuru
madde arasindaki korelasyon 0.88 (P<0.01) seviyesinde 6nemli bulunmustur. Ayni1 ¢alismada yag bileseni ile laktoz
bileseni arasindaki iligski ise r =0.13 bulunmustur. Ayrica, siit kalite 6zellikleri arasindaki iliskilerin laktasyon
donemine gore degistigi bildirilmistir. Laktasyonun basinda ve ortasinda siit protein, siit laktoz ve siit kuru madde
arasinda 6nemli degisim gozlenmemekle birlikte laktasyonun son dénemlerinde siit yag orani artarken siit laktoz
iceriginde diisiis gézlenmektedir.

Aragtirma sonucu, farkli keci genotipleriyle karsilastirildiginda, Kilis kegisinin gerek laktasyon siit verimi gerek siit
bilesenleri acisindan iistiin dzelliklere sahip oldugu belirlenmistir. Ayrica, siitteki protein ve kazein oraninin tatmin
edici seviyede olmasi nedeniyle dzellikle peynir iiretiminde Kilis kecisinin 6nemli bir potansiyele sahip oldugu
sOylenebilir.
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Abstract

Considering the traditional ice cream production in Kilis goat breeding regions and the demand for goat cheese, it
is very big importance to focus on these criteria as selection criteria in research on milk components. This study was
carried out to determine the relationship between lactation milk yield and milk quality characteristics in Kilis goats.
Animal material was consisting of 170 Kilis goat reared from two different farms in Kilis province. The least squares
mean for lactation yield and lactation length were 177.97+4.45 kg and 184.84+0.95 days. The values for the total
dry matter (TDM), oil (%), protein (%), lactose (%), casein (%) in Kilis goats were determined; 12.175+ 0.125,
4.025+ 0.088, 3.346+0.054, 4.068+ 0.027, 2.563+0,040, respectively. In our study, the correlation between milk
protein ratio and milk dry matter was significant at the level of 0.88 (P<0.01). In our study, the correlation between
milk protein ratio and milk dry matter was significant at the level of 0.88 (P<0.01). In this study, the relationship
between the fat component and the lactose component was found r = 0.13. In addition, it has been reported that the
relationships between milk quality characteristics vary according to the lactation period. Although there is no
significant change in milk protein, lactose and milk dry matter at the beginning and middle of lactation, milk fat
ratio increases while lactose content decreases in the last periods of lactation.

As a result, Kilis goat have the high values for milk yield and characteristics of milk quality compared to several
goat genotypes and even they had higher values that some goat genotypes. In addition to this, it is confirmed that
Kilis goat have adequate values of protein and casein, especially for cheese production.

Keywords: Kilis goat, Lactation, Milk quality, Milk fat, Casein
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Dagskiran & Yilmaz & Giinbey
Yetistirici Kosullarindaki Kilis Kegilerinin Laktasyon Siit Verimi ve Siit Kalite Ozellikleri Uzerine Bir Caligma

1. Giris

Keci, diger ¢iftlik hayvanlar ile karsilastirildiginda elverissiz ¢cevre kosullarina yiiksek seviyede uyum saglayan
ve diger tiirlerin yararlanamadig1 besin maddelerini siit, et, deri ve kil gibi degerli hayvansal iiriinlere donistiirebilme
yetenegi yiiksek bir tiirdiir. Tiirkiye keci varligi TUIK verilerine gore 11.9 milyon bas olup, Avrupa ve Akdeniz
iilkeleri arasinda birinci, diinyada ise 21. siradadir (Anonim, 2020, 2021). Tiirkiye keci varligi icerisinde Kil kegisi
orant %90 diizeyinde olup kalan %10’luk kisim Ankara kecisi, Kilis kegisi, Honaml kecisi, Norduz ve Malta
kegilerinde olusmaktadir (Giil ve ark., 2016). Son on bes yilda keci {irlinlerine (kegi siitii ve peyniri) artan yogun
ilgi, basta Bat1 Anadolu olmak {iizere birgok bdlgede modern (entansif) siit kegisi isletmelerinin artmasina neden
olmustur (Giindiiz ve ark., 2017). Yiiksek siit verimli kegilerin hastalik ve olumsuz kosullara uyum kapasitelerinin
diisiik olmasi, yetistirildikleri yerlere yliksek seviyede adapte olmus ve ayn1 zamanda yiiksek siit verimine sahip
olan Kilis 1rki kecilerin 6nemini artirmistir. Kilis kegisi; Kil kegisi ile Suriye kokenli Halep kecisinin melezlenmesi
ile elde edilmis ve uzun yillar kendi aralarinda yetistirilerek bugiinkii irk 6zelliklerini kazanmistir. Kilis kegisi,
Giineydogu Anadolu bolgesinde ve ozellikle Kilis, Sanlurfa, Gaziantep ve Hatay illerinde yaygin olarak
yetistirilmektedir (Giil ve ark., 2010; Keskin ve ark., 2017a). 1980°li y1llardaki bildirislere gore sayisinin 60-70 bin
dolayinda oldugu tahmin edilmekle birlikte (Yalgmn, 1986; Akcapmar, 2000; Aktepe, 2009; iriadam, 2004;
Kaymakei ve ark., 2005; Ceyhan ve Karadag, 2009, Sénmez ve ark, 1970, Daskiran ve Yilmaz, 2018; Daskiran ve
ark., 2018), giinimiizde bat1 illerinde de 1rka olan talebin artmastyla birlikte hemen hemen Tiirkiye nin her tarafinda
Kilis kecisine rastlamak miimkiin hale gelmis ve sayisinin son yillarda 100 bin bas1 gegtigi bildirilmektedir (Anonim,
2018).

iki bin onlu yillara kadar 6zellikle kegi-orman iliskileri dikkate alindiginda ormanlik alanlarda ve orman kenari
yerlesimlerde keci yetistiriciliginin yapilmasi zorlasmis dolayisiyla zaman zaman alinan kararlar dogrultusunda kegi
varliginin azaltilmasina yonelik politikalar uygulamaya konulmustur. Ormanin tek zararlisinin kegi olarak goriilmesi
ve bu durumun kegi yetistiricilerine mal edilmesi mevcut keci varliginin kil kegisinden daha 6zellesmis, 6zellikle
siit verim yonlii irklara doniistiiriilmesi ¢aligmalarin1 zorunlu kilmistir (Keskin ve ark., 2017b). Ulkemiz mevcut kegi
irklarmin genetik 1slahina iligkin ¢aligmalar, 1960 yilinda baslamis olup, dzellikle siit kegiciliginin gelistirilmesi
dogrultusunda yonlendirilmesi temel hedef olarak belirlenmis ve bu ydndeki ¢alismalar devam ettirilmeye
calisilmaktadir (Kaymakgei ve ark., 2005; Tolii ve ark., 2009; Keskin ve ark., 2019). Mevcut kegi irklarimizin genetik
1slahina iligkin ¢aligmalar, yerli gen kaynaklarimizin verim 6zellikleri bakimindan tanimlanmasi, izerinde durulan
verim Ozellikleri bakimindan seleksiyon potansiyelinin ortaya konulmas: bilinci ile birlikte degerlendirilmesi can
alic1 bir konudur (Sengonca ve ark., 2003; Kaymake1 ve ark., 2005; Anonim, 2008, Arag¢ ve Dagkiran, 2010; Giil ve
ark., 2021). Ozellikle son yillarda artan kegi siitii ve peyniri gibi iiriinlere artan talep, Tiirkiye siit tipi kegileri
icerisinde 6nemli bir 1rk olan Kilis kegisinin siit verim ve 6zelliklerinin ayrintili bir sekilde irdelenmesini ve 1rk
tizerinde yapilacak 1slah ¢aligmalarinda bu &zellikler dikkate alimarak yon verilmesini gerektirmektedir. Kilis
kegisinin yetistirilme bdlgelerindeki dondurma iiretimi ve keci peynirine olan talep dikkate alindiginda, siit
bilesenleri iizerinde yapilacak ¢alismalarda seleksiyon dl¢iitii olarak bu kriterlerin iizerinde durulmasi biiyiik 6nem
arz etmektedir. Tiim bu gerekgeleri dikkate alan bu arastirma, Kilis kegilerinde laktasyon siit verimi ve siiresi ile st
kalite 6zelliklerini saptamak, mevcut bilgi ve uygulamalara katki saglamak ve bugiine kadar yapilan ¢aligmalar ile
mevcut durumun karsilastirilmasi amaciyla diizenlenmistir.

2. Materyal ve Metot

Calismanin hayvan materyalini Kilis merkez ilgede bulunan iki farkl isletmedeki toplam 170 bas Kilis kegisi
olusturmustur.

Calismanin yapildig1 yetistirici isletmesindeki siiriilerde geleneksel besleme yontemleri kullanilmakta ve
besleme meraya dayali olarak yiiriitilmektedir. Kilis ve civarinda yetistiriciler hemen hemen meranin elverisli
oldugu tiim y1l mera ve otlaklari kullanmakta ayrica nadas alanlarini hayvanlar igin etkin bigimde kullanmaktadirlar.
Hububat ekli alanlarda otlatma yapilabildigi gibi pamuk vb. ekilen arazilerde de otlatma yapilmaktadir. Kislar
yogun gecen Aralik-Ocak aylarinda sinirli miktarda arpa ve saman beslemede kullanilmaktadir. Bu kapsamda 100
bas hayvana 30-35 kg/giin arpa kirmasi verilmektedir. Yazin erken saatlerde meraya ¢ikarilan hayvanlar bazi
stirlilerde aksamlar1 merada gegirmekte bir kisim siiriilerde ise agillara donmektedirler. Kisin ise giinesli gegen tiim
giin merada kalan zay1f ve yetersiz vejetasyonu degerlendirmektedirler.
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Calisma yiiriitildiigi iki stiride yetistiriciye ek kiilfet getirmeden sagim kontrolleri yapilmis olup 5 kez ayda bir
kez olmak iizere sagimlar tekrarlanmigtir.

Caligma yapilan siiriilerde tesadiifi ornekleme ile siit numuneleri aliarak il Gida Kontrol laboratuvarinda temel
siit bilesenlerinin analizleri yapilmistir. Yapilan analizde asitlik tayini Gravimetrik yontemle, yag tayini Gerber
yontemi kullanilarak Gerber Santrifiijiinde, kuru madde tayini yine Gravimetrik yontemle Etiiv kullanilarak, pH
analizi pH meter ile 6l¢iilmiistiir. Siitte laktoz, kazein ve iire tayini HPLC-RID yo6ntemi ile yiiksek performansli sivi
kramatografi kullanilarak, protein tayini ise Kjeldahl yontemi ile Kjeldahl cihazi kullanilarak yapilmistir

2.1.Yontem

Kecilerde sagim elle ve giinde tek sagim olarak yapilmistir. Dolayisiyla bu siit miktar1 kontrol giinii siit verimi
olarak kabul edilmistir. Laktasyon siit verimi ve siiresi Isve¢ yontemine gére hesaplannustir (Berger ve Thomas,
2005). Isve¢ metodu igin laktasyon siit verimi esitlik 1’ e gore hesaplanmistir.

X=a2?ki—(§—A)k1 (Es.1)

n

Esitlik (1)’de;

X: Laktasyon siit verimi,

a: Kontrol araligi,

n: Kontrol sayisi,

ki: Herhangi bir kontrolde elde edilen siit miktart,

k1: ik kontrolde elde edilen siit verimi,

A: Dogum tarihi ile ilk kontrol arasinda gegen siiredir.

2.2. Verilerin Analizi

Calismada elde edilen verilerin tanimlayici istatistikleri Minitab (Anonim, 2013) istatistik paket programinda
belirlenmistir.

3. Bulgular ve Tartisma

Kilis kegilerinde laktasyon siit verimi ve siiresine iligskin tanimlayici degerler Tablo I’de verilmektedir. Buna
gore Kilis kegilerinde laktasyon siit verimi 201.05+6.75 kg, laktasyon siiresi ise 225.2247.75 giin olarak
bulunmustur.

Tablo 1. Kilis kecilerinde laktasyon siit verimi ve siiresine tanimlayici degerler

Table 1. Lactation milk yield and some descriptive parameters in Kilis goats

Ozellikler n x+S Min bAfxe
Laktasyon siit verimi (kg) 170 201.05+6.75 51.35 542.10
Laktasyon siiresi (giin) 138 225.2247.75 60.00 330.00

Bu arasgtirmada Kilis kecilerinde saptanan laktasyon siit verimi Alman Alaca x Kil kegilerinden elde edilen
308.94+41.751 kg; Damascus (Sam) kecilerinden elde edilen 330.73+51.121 kg laktasyon siit verimlerinden daha
diisiiktiir (Giiler ve ark., 2007). Ayn1 kegi genotipleri i¢in laktasyon siiresi sirastyla 257.6 + 1.93 giin ve 244.5 + 0.48
giin olarak bildirilmis olup, mevcut aragtirmada Kilis kegisi i¢in saptanan 225.22+7.75 giin degerinden yiiksek
bulunmustur. Muhtemelen ¢aligmadaki siit verim degerlerinin yetistirici kosullarinda elde edilmesi degerlerin diisiik
cikmasina neden olmus gibi goziikmektedir (Giiler ve ark., 2007). Benzer sekilde Sengonca ve ark. (2002) Ege
Universitesi arastirma ve uygulama ¢iftliginde yetistirilen Bornova siit kegilerinde yaptiklari arastirmada laktasyon
stit verimi ve laktasyon siiresini sirasiyla 353.26+10.43 kg 232.75+7.79 giin olarak belirlemislerdir (Sengonca ve
ark., 2002). Aragtirmada saptanan siit verimi degeri (7ablo 2), Toggenburg, Anglo Nubian, Sarda Kegisi, Beetal,
Barbari ve Jamunapari gibi ke¢i genotiplerinden daha yiiksek oldugu dikkati ¢cekmektedir. Bu agidan Kilis
kegilerinin siit verimi bakimindan genetik kapasitesinden yeterince yararlanilmadigi sdylenebilir.
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Arastirmada Kilis kecilerinde laktasyon siit verimi i¢in saptanan deger Keskin ve ark. (1996)’nin Kil, Kilis kegisi
ve melezleri igin bildirdigi 80-100 kg degerinden yiiksek; bununla birlikte Ozcan ve ark’nin (1975) bildirdigi 204.5
kg ve 206.4 kg degerlerinden diigiik bulunmustur. Ayni zamanda S6nmez (1974), Sengonca’nin (1974), Tuncel ve
ark. (1983) ve Ozcan (1989) tarafindan Kilis kegileri i¢in bildirilen degerlerden oldukca yiiksek olmustur. Keskin
(2000), Hatay’da yetistirilen Kilis kegilerinde laktasyon siit verimi ve laktasyon siiresini sirastyla 348-395 kg ve
247.8 giin olarak bildirilmistir. Tablo 2’den de goriilecegi iizere Kilis kegilerinde laktasyon siit verimi agisindan orta
siralarda yer almakta ve sahip oldugu yiiksek ¢evreye uyum yetenegi ile diger irklar arasinda dne ¢ikmaktadir.

Tablo 2. Baz siit kecisi wrklarinda laktasyon siit verimi ve siiresine iligkin referans degerler.

Table 2. References values for lactation milk yield and lactation period in dairy goat breeds

Irklar Mensei LSV LS Kaynak

Damascus Tiirkiye 330.7 244.5 Giller ve ark., 2007
Damascus Tunus 211 171 Najari ve.ark.,2000
Alman Alaca x Kil Keci (G1) Tiirkiye 308.9 257.6 Giller ve ark., 2007
Bornova Kegisi Tiirkiye 353.2 232.7 Sengonca ve ark.,2002
Beetal Hindistan 174 182 Acharya,1987

Barbari Hindistan 96 152 Acharya,1987
Jamunapari Hindistan 158 188 Acharya,1987

Maltiz italya 357 172 Rubino ve Claps, 1995
Maltiz Tiirkiye 275-330  239-264  Toli ve ark., 2010

Sarda Kegisi italya 199 68 Rubino ve Claps, 1995
Saanen Kegisi ftalya 551 198 Rubino ve Claps, 1995
Saanen Kegisi Tiirkiye 383 273 Bolacali ve Kiigiik., 2012
Tiirk Saanen Tirkiye 409-522  275-288  Tolii ve ark., 2010
Garganica italya 135 50 Rubino ve Claps, 1995
Alpine Italya 493 180 Rubino ve Claps, 1995
Mongolian Kegisi Cin 150-180  90-150 Ying ve ark.,1987
Skopelos Ada Kegisi Yunanistan 181 241 Papadimittriou ve Rogdakis, 1991
Anglo Nubian ABD 414 200 Majid ve ark. 1994
Anglo Nubian Sili 191 165 Hernandez-Naus ve ark., 1987
Murciano Granadina Ispanya 290 170 Serradilla, 2001
Murciano Granadina Ispanya 416 210 Leon ve ark., 2012
Toggenburg Venezuella 115 192 Garcia ve ark. 1996

LSV: Laktasyon siit verimi (kg) LS:Laktasyon siiresi (giin)

Calismada Kilis kegilerinde siit kalite dzelliklerine iliskin degerler Tablo 3’de verilmistir. Buna gore siit kuru
madde (%), yagsiz kuru madde (%), yag (%), protein (%), laktoz (%), kazein (%), tire (%), 6zgiil agirlik, pH, serbest
yag asitleri (%), sitrik asit (%) ve donma noktasi degerleri sirastyla 12.17+0.12, 7.99+0.06, 4.02+0.08, 3.3440.05,
4.06+0.02, 2.56+0.04, 0.06+0.002, 1027.6+0.204, 1027.6+0.204, 6.20+0.16, 4.49+0.18, 0.06+0.001 ve 0.47+0.04
olarak belirlenmistir.

Ozkan ve ark. (2020), farkli laktasyon dénemlerindeki Damascus kegilerinde siit 6zellikleri {izerine yaptiklar
caliymada yag (%) oranini laktasyonun erken, orta ve son donemleri i¢in sirasiyla; 4.05+0.31, 4.45+0.23 ve
3.69+0.20 olarak belirlemislerdir. Bildirilen degerler ¢aligmamizdaki yag orani ile benzer olup sadece laktasyonun
orta donemdeki degerinden kismen diisiiktiir. Ayni ¢alismada bildirilen laktoz degerleri ise ¢calismamizda belirlenen
4.068 degerinden farki laktasyon donemleri i¢in daha yiiksek seviyede bildirilmistir.

Keskin ve ark. (2004) Damascus (Sam) kegilerinde siitteki kalite zelliklerinden kuru madde, protein, yag, laktoz
ve kiil oranlarini sirasiyla 12.2 + 0.16, 3.5+ 0.07, 4.3 £0.12, 3.6 £ 0.08, 0.77 £ 0.02, Alman kegilerinde ise ayn
sirayla; 12.4 £ 0.28, 3.4+£0.11, 4,1 £0.23, 4.2+0.11, 0.72 £ 0.03 olarak bulmuslardir. Arastirmada siit kalite
ozelliklerinden siit kuru madde, protein, yag ve laktoz degerleri arastirma bulgulartyla uyumlu gorilmiistiir.
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Tablo 3. Kilis kecilerinde siit kalite dzelliklerine iliskin tanimlayici degerler
Table 3. Descriptive values for milk quality characteristics in Kilis goats

" _— En
Ozellikler n xS En kigik ok
Top. Kuru Mad. TKM (%) 61 12.175+£0.125 10.496 15.060
Yagsiz KM (%) 61 7.998+0.061 7.001 9.584
Yag (%) 61 4.025+ 0.088 2.548 6.342
Toplam Protein (%) 61 3.346+0.054 2.464 4.739
Laktoz (%) 61 4.068+ 0.027 3.261 4.544
Kazein (%) 61 2.563+0.040 1.880 3.662
Ure (%) 61 0.061£0.002 0.036 0.089
Ozgiil agirlik (g/mL) 61 1027.6+ 0.204 1024.0 1030.9
pH (Asitlik) 61 6.202+0.169 3.640 9.520
Serbest yag asitleri (mmol/10 I siit) 61 4.499+ 0.188 0.027 7.466
Sitrik asit (%) 61 0.068+ 0.001 0.007 0.122
Donma noktasi (°C) 61 0.474+0.004 0.410 0.590

Farkli keci genotiplerinde siit kalite 6zelliklerine iliskin degerler Tablo 4’de verilmistir. Kilis kegilerinde toplam
kuru madde igin saptanan %12.17’lik deger Alpin ve Saanen i¢in belirlenen degerlerden yiiksek, Nubian
kegilerininkine ise benzer; bununla birlikte Boer, Murciana-Granadina ve Beetal kegilerde elde edilen degerlerden
ise distktiir. Kilis kecilerinde siit yag orani ise Mestawet ve ark. (2012) melez kegiler i¢in bildirdigi % 3.65
degerinden yiiksektir. Ayni sekilde Kilis kegilerinde siit yag orani igin saptanan deger Tablo 4’de Alpin, Maltiz ve
Saanen kegiler i¢in sirasiyla bildirilen 2.76, 3.5 ve 3.4-3.6 degerlerinden yiiksektir (7ablo 4).

Tablo 4. Farkh keci wrklarinin siit bilesimlerine ait degerler

Table 4. Values of milk compositions of different goat breeds

Olgiilen Ozellikler (%)

Irk TKM Yag Protein Kazein Laktoz Referans
Boer 15.44 4.70 4.05 3.17 4.96 Mestawet ve ark. 2012
Arsi-Bale 16.27 5.15 4.8 3.85 493 Mestawet ve ark. 2012
Maltiz - 35 34 - 4.6 Carnicella ve ark., 2008
Maltiz 14.45 5.19 342 - - Tolii ve ark., 2010
Alpin 10.1 2.76 2.53 2.20 - Soryal ve ark., 2005
M.Granadina 13.6 5.1 33 2.39 - Salama ve ark., 2003
Nubian 13.45 4.37 3.87 347 - Soryal ve ark., 2005
Beeatal 14.2 4.5 34 - 5.5 Prasad ve ark, 2005
Saanen 11.7 3.6 2.9 - 4.1 Lébo ve ark., 2017
Saanen 11.7 34 34 - 4.3 Kesenkag ve ark. 2010
Tirk Saanen 12.45 4.04 3.22 - - Tolu ve ark., 2010
Beetal x Jamunapari  14.7 4.9 3.8 - 5.2 Prasad ve ark, 2005
Bectal x Black 15.7 5.5 3.7 - 5.8 Prasad ve ark, 2005

Bengal

Siit protein degeri bakimindan arastirmamizda saptanan deger, Alpin, Saanen, Boer, Arsi-Bale ve Nubian
kegilerinden yiiksek; Maltiz, Murciano-Granadina ve Beetal kecilerine ise benzer oldugu goriilmektedir (Tablo 4).

Told ve ark. (2010), Gokgeada, Maltiz ve Tiirk Saanen kegileri {lizerinde yaptiklar caligmalarinda, laktasyon
protein oranini (%); Gokceada, Malta ve Tiirk Saanen kegileri i¢in sirastyla 3.29, 3.41 ve 3.24 olarak belirlemislerdir.
Calismamizda bulunan 3.346’lik deger Gokgeada ve Tiirk Saanen kegilerinkinden yiiksek ancak Maltiz kegilerinin
protein degerinden kiigiik bir farkla diisiik olarak gergeklesmistir.
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Kazein peynir iiretiminde oldukc¢a dnemli bir kalite bilesenidir (Sekerden ve ark., 1999). Morand-Fehr ve ark.
(1991) peynir iiretimindeki artisin %75 oraninda kazein miktari ile ilgili oldugunu geri kalan % 25°lik kismin ise siit
yag orantyla ilgili oldugunu bildirmistir. Lykke ve Pederson (1991) peynir iiretiminde kazein miktariin ¢ok énemli
oldugunu kazein miktarindaki %1’lik artisin ayni miktar siitten elde edilen peynir miktarini % 1.2 artirabilecegini
bildirmistir. Buna karsilik, Soryal ve ark. (2004) siit yag igeriginin yiiksek derecede peynir verimi ile korelasyona (r
= (.60) sahip oldugunu ve bu iliskinin siit proteininden daha fazla oldugunu bildirmislerdir.

Aragtirmamizda Kilis kegileri igin saptanan siit kazein degeri (% 2.56) Alpin ve Murciano-Granadina
kegilerinden yiiksek bulunmustur. Dolayisiyla yetistirildikleri bolgelerde peynir iiretiminde énemli bir kaynak
olarak diisiiniilmelidir. Laktoz seviyesi bakimindan elde edilen ortalama 4.068 (Min:3.261, Mak:4.5) degeri Maltiz
kegileri i¢in bildirilen 4,6 degeri ile benzerdir (Carnicella ve ark., 2008).

Aragtirmamizda siit protein orani ile siit kuru madde arasindaki korelasyon 0,88 (P<0.01) seviyesinde énemli
bulunmustur (Cizelge 5). Bu yiiksek korelasyon Guo ve ark., (2001) ile Soryal ve ark., (2004) tarafindan farkli kegi
irklarindaki bulgular ile benzer sekilde saptanmistir. Prasad ve ark. (2005) Beetal, Jamunapari, Barbari ve siyah
Bengal kecilerinin melezleri ile yaptiklar ¢alismalarinda; siit yagi ile protein arasindaki korelasyonu (r = 0.35)
istatistik olarak 6nemli (P<0.01) bulmuslardir. Ayni ¢alismada yag bileseni ile laktoz bileseni arasindaki iliski ise r
=0.13 bulunmustur. Arastirmada siit kalite ozellikleri arasindaki iligkilerin laktasyon dénemine gore degistigi
bildirilmistir. Ornegin laktasyonun basinda ve ortasinda siit protein, siit laktoz ve siit kuru madde arasinda 6nemli
degisim gozlenmemekle birlikte laktasyonun son donemlerinde siit yag orani artarken siit laktoz iceriginde diisiis

gozlenmektedir.

Tablo 5. Kilis kecilerinde siit kalite ozellikleri arasi korelasyon degerleri
Table 5. Correlation values between milk quality characteristics in Kilis goats

TKM YKM Y P L K 0ZA pH
YKM 0,8%*
Y 0,91%* 0,49%*
P 0,76** 0,88%* 0,51%*
L . 0,25% . .
K 0,83%* 0,95%* 0,56%* 0,08%*
OZA . 0,66%* . 0,39%* 0,65%* 0,49%*
pH 0,75%* 0,80%* 0,53%* 0,86%* . 0,85%* 0,23*
SYA -0,38%* . -0,44% . . . 0,15 -0,19
SA . . . . . . . 0,26*
DN 0,81%* 0,91%* 0,55%* 0,81%* 0,25% 0,87**%  0,50%*%  0,76%*

* P<0.05 **P<0.01

YKM: Yagsiz Kuru Madde, Y: Yag, P: Protein, L: Laktoz: K:Kazein, OZA: Ozgiil Agirhk, pH: Asitlik, SYA:Serbest Yag
Asitleri, SA: Sitrik Asit ,DN: Donma Noktasi

4. Sonug

Tiirkiye siit kegiciliginde ve keci peyniri iiretiminde dnemli yeri olan Kilis kegisi diger kegi genotipleriyle
karsilastirildiginda, gerek laktasyon siit verimi gerek siit bilesenleri agisindan geri kalmadig1 ve hatta baz1 keci
genotiplerinden istiin 6zelliklere sahip olduklart sonucuna varilmistir. Siitteki protein ve kazein oraninin tatmin
edici seviyede olmasi nedeniyle 6zellikle peynir iiretiminde Kilis kegisinin dnemli bir potansiyele sahip oldugunu
gostermistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Yiiksek Nemli Dane Misira Bakteriyel Inokulant Ilavesinin Silolama Siiresi ve Aerobik
Stabilitesi Uzerine Etkileri

Effects of Bacterial Inoculant Addition to High Moisture Grain Corn on Ensiling Time and
Aerobic Stability

Cemal POLAT", Sinan GURSOY?, Berrin OKUYUCU?

Oz

Bu ¢alisma, yiiksek nemli dane misira homofermantatif + heterofermantatif 6zelliklere sahip iki farkli inokulantin
ilave edilmesinin, farkli agim donemlerinde (15 ve 30 giin) fermantasyon ve aerobik stabilite {izerine etkilerini
belirlemek amaciyla diizenlenmistir. Arastirma materyalini yaklasik %64.84 kuru madde (KM) igerigine sahip
kirtlmig yiiksek nemli dane misir olusturmustur. Laktik asit bakteri inokulanti olarak Pioneer 11CFT
(Lactobacillus plantarum ATCC 55944, Lactobacillus buchneri ATCC PTA-6138) ve Lalsil combo
(Lactobacillus plantarum CNCM MA 18/5U, Lactocbacillus buchneri NCIMB 40788) kullanilmustir. inokulant
firma Onerisi dogrultusunda silajlara ilave edilmistir. Katki maddesi ilavesinden sonra silaj rnekleri her muamele
grubunda 5’er tekerriir olmak fiizere plastik torbalara vakumlanarak doldurulmustur. Paketler laboratuvar
kosullarinda 20 + 2 °C sicaklikta depolanmislardir. Fermantasyonun 15. ve 30. giinii agilan silaj 6rneklerinde
kimyasal ve mikrobiyolojik analizler yapilmistir. Agim donemi sonrasi silajlara 5 giinliik aerobik stabilite testi
uygulanmistir. Arastirma sonucunda, silolama siiresine bagl olarak silajlarin pH degeri, amonyaga bagl nitrojen
(NH3-N), suda ¢oziinebilir karbonhidrat (SCK), lactobacilli (LAB) ve maya igerikleri artarken, KM igerikleri ise
diismiistiir (P< 0.001). Katki maddesi ilaveli silajlarin, NH3-N, SCK, laktik asit (LA), LAB ve maya igerikleri
kontrol grubu silajlarina oranla daha yiiksek, pH degerleri ise daha diisiik tespit edilmistir (P<0.001). Aerobik
stabilite donemi iizerinde silolama siiresi etkili olmus, slireye bagli olarak silajlarin pH degeri, karbondioksit (CO2)
iiretimi ve maya igerikleri diismistiir (P<0.001). Aerobik stabilite doneminde Pioneer 11CFT inokulant1 kullanilan
yiiksek nemli dane musir silajlarinda COz iiretimini azaltmistir. Katki maddesi ilaveli silajlarin aerobik stabilite
doneminde maya icerikleri arttirmistir, ancak katki maddesi ilavesi kiif gelisimini ise tamamen dnlemistir. Yiiksek
nemli dane misir silajlarina, katki maddesi ilave edilmesinin 6zellikle kiif gelisimini 6nlemesi arastirmanin 6nemli
bulgulardan birisidir.

Anahtar Kelimeler: Yiiksek nemli misir, Silolama siiresi, inokulant, Aerobik stabilite, Kiif geligimi
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Abstract

This study was designed to determine the effects of adding of two different inoculants with homofermentative +
heterofermentative properties to high humidity grain maize on fermentation and aerobic stability at different
opening periods (15 and 30 days). Crushed high moisture grain corn with approximately 64.84% DM content
constituted the research material. Pioneer 11CFT (Lactobacillus plantarum ATCC 55944, Lactobacillus buchneri
ATCC PTA-6138), and Lalsil combo (Lactobacillus plantarum CNCM MA 18/5U, Lactocbacillus buchneri
NCIMB 40788) were used as lactic acid bacteria inoculants. Inoculant was added to silages in line with the
company's recommendation. After adding the additive, the silage samples were vacuum packed into plastic bags,
with 5 replications in each treatment group. The bags were stored at 20+£2°C under the laboratory conditions.
Chemical and microbiological analyzes were made on silage samples opened on 15 and 30 days of fermentation.
After the opening period, aerobic stability test was applied to the silages for 5 days. As a result of the research, pH,
NH3-N, WSC, LAB and yeast contents of silages increased, while DM contents decreased (P<0.001) depending
on the ensiling time. The pH (excluded), NH3-N, WSC, LA, LAB and yeast contents of the silages with additives
were higher than the control silages (P<0.001). The ensiling time was effective on the aerobic stability period, and
the pH, COz, yeast contents of the silages decreased depending on the time (P<0.001). It reduced COz production
in high moisture grain maize silages using Pioneer 11CFT inoculant during the aerobic stability period. Yeast
contents of silages with additives increased during the aerobic stability period, but the addition of additives
completely prevented mold growth. One of the important findings of the research is that the addition of additives
to high moisture grain corn silages prevents mold growth.

Keywords: High moisture grain maize, Ensiling time, Inoculant, Aerobic stability, Development of mold
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1. Giris

Yiiksek nemli dane misirin kurutma maliyetlerini azaltmak amaci ile silolanmasi hayvan beslemede alternatif
bir yontemdir. Bu konuda yapilan ¢aligmalarda, kurutmaya oranla silolanmasinin besin madde sindirilebilirligi,
biiylime performans: ve digki kompozisyonu agisindan daha iyi sonuglar verdigi yoniindedir (Engelke ve ark.,
1984; Vilari ve ark., 2009). Ancak yiiksek nemli dane misirin yapisinda yer alan yiiksek oranda nisasta ve nem
icerigi yemleme doneminde, aerobik bozulmaya karsi duyarliligi agisindan Snemli bir riski olusturmaktadir
(Wardynski ve ark., 1993; Dawson ve ark., 1998; Taylor ve Kung, 2002; Canibe ve ark., 2013). Yemleme
doneminde, laktik asit bakterilerinin yogunlugunun azalmasi, pH'nin yiikselmesi ile diisiik pH'da inhibe olan
mikrorganizmalarin ¢ogalmaya baslamasi ise, besin madde kayiplarina ve hayvan performansina iligkin
olumsuzluklara neden olmaktadir (Hoffman ve Ocker, 1997; Whitlock ve ark., 2000). Bu nedenle, 6zellikle yiliksek
nemli dane musir silajlarinin fermantasyon ve aerobik stabilitelerini gelistirmek amaciyla silaj katki maddeleri
kullanilmaktadir. Silaj katk1 maddesi olarak en yaygin kullanilan katki maddeleri ise inokulantlar ve organik
asitlerdir (Taylor ve Kung, 2002; Canibe ve ark., 2013).

Ulkemizin ekolojik sartlari silaj iiretimine uygun birgok yem bitkisinin yetistirilmesine olanak vermekle
birlikte, birim alan veriminin yiiksekligi, silaj yapimima uygunlugu ve elde edilen silajin besleme degerinin
yiiksekligi gibi nedenlerden dolay: silaj yapimi igin tercih edilen tiirler arasinda birinci sirayr musir bitkisi
almaktadir. Silolama yetenegi dikkate alindiginda misir yiiksek kuru madde (KM) ve suda ¢oziinebilir
karbonhidrat (SCK) kapsami ve diisiik tampon kapasitesine sahip olmasi nedeniyle kolay silolanabilir yem
materyali grubundadir. Yapilan ¢aligmalar farkli materyalden yapilmis olan silajlarin aerobik bozulmaya olan
direngleri bakimindan farkli ozellikler tasidigimi ortaya koymaktadir. Misir benzeri karbonhidrat¢a zengin
materyalin bu anlamda daha fazla olumsuz etkiye sahip oldugu sdylenebilir (Mc Donald ve ark., 1991). Silaj
fermantasyonunda katki maddesi olarak kullanilmak iizere ¢esitli 6zelliklerde birgok bakteriyel inokulant
(bakteriyel Kkiiltiir) gelistirilmistir. Ik iiretim donemlerinde bakteriyel inokulantlar sekerlerin laktik asite
doniisiimiinii saglayan epifitik bakteri populasyonlarmi igeren homofermantatif laktik asit bakterilerinden (""LAB)
olusmaktaydi. ""LAB g¢ogunlukla Lactobacillus, Pedicoccus ve Enterococcus cinsi mikroorganizmalar igerirler.
Bu inokulantlariin kullanildig1 bircok ¢alismada, silajlarin pH’larin1 hizla diistirdiigii, LA ve laktik asit/asetik asit
(LA/AA) oranimi arttirdigi, asetik asit (AA), biitirik asit (BA), amonyaga bagh nitrojen (NH3-N) ve etanol
diizeylerini diisiirdiigli ve LAB igeriklerini arttirarak silaj fermantasyonunu gelistirdigi saptanmistir (Meeske ve
Basson, 1998; Filya ve ark., 2000; Filya, 2001a; Filya, 2001b). Ayn1 zamanda "™LAB inokulantlarinmn silaj
fermantasyonunu gelistirmesinin yaninda ruminantlarin siit verimini, canl agirlik artisini ve yem degerlendirmede
de gelisme sagladiklar1 bildirilmektedir (Kung ve ark., 2003). Silajlarin aerobik dayanikliligi (silo omrii)
lizerindeki etkilerinin incelendigi arastirma sonuglarinda, bazi arastiricilar "LAB inokulantlarin silajlarmn
aerobik dayanikliliklarini arttirdigini bildirirken (Meeske ve Basson, 1998), bazi arastiricilar ise etkilemedigini
veya olumsuz mikroorganizmalarin iiremesini durdurdugunu ilk olarak 1995 yilinda ortaya ¢ikarmis ve bu katki
maddelerinin 1996 yilinda silajlarda kullanilmasi 6nerilmistir (Holzer ve ark., 2003). L. buchneri asetik asit (AA)
tiretir, ayrica bitki hiicre duvarini enzimatik hidrolize zayiflatabilen bir enzim olan feriile-esteraz iretir, SCK'nin
silaj fermantasyon igleminde kullanilabilirligini veya rumende kullanimini artirmaktadir (Santos ve ark., 2008).

Bu caligmada homofermantatif + heterofermantatif 6zelliklere sahip iki farkli igerikteki inokulantin yiiksek
nemli dane musira ilavesinin farkli silolama siirelerinde fermantasyon ve aerobik stabilite iizerine etkileri
degerlendirilmistir.

2. Materyal ve Metot
2.1. Yem Materyali

Aragtirma materyalini yaklagik %64.84 KM igerigine sahip kirilmis yiiksek nemli dane misir olusturmustur.
Deneme baslangicinda yaklasik 60 kg ornek laboratuvar ortamina getirilerek taze materyal analizi i¢in 6rnek
alinmigtir. Daha sonra materyaller 3 muamele grubuna bdlinmiistiir. 20 kg taze materyal 1x3 m temiz bir alana
yayilmistir. 1. grup kontrol grubu olup katki maddesi igermemektedir. 2. grupta, Lalsil combo (Lactobacillus
plantarum CNCM MA 18/5U, Lactocbacillus buchneri NCIMB 40788)’den 20 mg tartilarak iizerine 20 ml saf su
konarak iyice karigmasi saglandiktan sonra taze materyal iizerine homojen bir sekilde el piilverizatori ile
piiskiirtiilmistiir. 3. grupta Pioneer 11CFT (Lactobacillus plantarum ATCC 55944, Lactobacillus buchneri ATCC
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PTA-6138)’de 20 mg, 2. grupta aciklandig1 gibi taze materyale uygulanmistir. Kontrol grubuna diger muamele
gruplarina esdeger 20 ml saf su ilave edilmistir. Katki maddesi ilavesinden sonra silaj drnekleri her muamele
grubunda 5’er tekerriir olmak iizere plastik torbalara (CAS CVP-260PD) marka laboratuvar tipi paket silaj
makinesi ile vakumlanarak doldurulmustur (Tan, 2021; Biiyiiktosun ve Tan, 2015). Paketler laboratuvar
kosullarinda 20+2 °C sicaklikta depolanmiglardir.

2.2. Yem analizleri

Fermantasyonun 15. ve 30. giinii agilan silaj 6rneklerinde kimyasal ve mikrobiyolojik analizler yapilmistir. Her
acim donemi sonrasi silajlara 5 giinliik aerobik stabilite testi uygulanmistir. Arastirma siiresince drnekler lizerinde
pH, kuru madde (KM), laktik asit (LA), suda ¢6ziinebilir karbonhidrat (SCK), amonyaga bagli nitrojen (NH3-N),
ham protein (HP), ham kiil (HK), laktik asit bakterisi (LAB), maya ve kiif sayimlar gergeklestirilmistir.
Arastirmada pH, KM, HP ve HK analizi Akyildiz (1984), tarafindan bildirilen yéntemler dogrultusunda yapilmistir.
NH3-N ve SCK analizleri Anonim (1986), LA spektrofotometrik metot (Kog ve Coskuntuna, 2003) kullanilmistir.
Maya ve kiif yogunlugunun belirlenmesinde Seale ve ark. (1990) nin 6nerdigi yontemler takip edilmistir. Aerobik
stabilite testi Ashbell vd. (1991) tarafindan gelistirilen yontem kullanilarak yapilmistir. Verilerin istatistiksel
degerlendirilmesinde 2 x 3 Faktoriyel deneme desenine gore varyans analizi, gruplar aras1 farkliligin belirlenmesi
ise Duncan ¢oklu karsilagtirma testi uygulanarak hesaplanmistir (Soysal, 1998). Bu amagla SPSS 15.0 (2007) paket
programi kullanilmustir. Istatistiksel model (Es.1) asagida gosterilmistir.

Yij =+ Ti+yj+yij + eijl, (Es.1)
p = genel ortalama;
i =giin etkisi i;
vj = katki etkisi j;
Tyij =giin X katk: interaksiyonu; ve eijl =hata
3. Arastirma Sonugclari ve Tartisma
3.1. Baglangic Materyaline Iliskin Analizler

Tablo 1'de yiiksek nemli dane misir silajinin baglangi¢ analiz sonuglart verilmistir. Baslangic materyaline
iliskin degerler sirast ile KM, pH, HP, HK, SCK, LAB ve maya igerikleri %64.84 TM, 4.00, %10.15
KM, %1.05, %5.90 g/kg! KM, 6.39 kob/g"' KM, 6.91 kob/g"! KM olarak saptanmustir. Arastirmada baslangig
materyallerinde kiif tespit edilmemistir.

Tablo 1. Baslangi¢c materyalinin kimyasal ve mikrobiolojik kompozisyonu

Table 1. Chemical and microbiological composition of starting materials

Parametreler Deger
KM, %TM 64.84

pH 4.00

HP, %KM 10.15
HK, %KM 1.05
SCK, g/kg! KM 5.90
LAB, kob/g"' KM 6.39
Maya, kob/g' KM 6.91

KM: Kuru madde, HP: Ham protein, HK: Ham kiil, SCK: Suda ¢6ziinebilir karbonhidrat,
LAB: Laktik asit bakterisi, TM: Taze materyal

3.2. Yiiksek Nemli Dane Misirin Fermantasyon Parametrelerine Iliskin Analizler

Tablo 2’de yiiksek nemli dane misirin fermantasyon kalitesi ve kimyasal kompozisyonuna iligskin analizler
sunulmustur. Katki maddesi ilavesi, silajlarm pH, NH3-N, SCK ve LA igerikleri tizerinde etkili olmustur. Katki
maddesi ilaveli silajlarin pH disinda, NH3-N, SCK ve LA igerikleri kontrol grubu silajlara oranla daha yiiksek
oldugu tespit edilmistir (P<0.001). Fermantasyon siiresi katki interaksiyonu ise KM, pH, NH3-N, SCK ve LA
igerikleri lizerinde etkili olmustur (P<0.001).
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Suda ¢oziiniir karbonhidratlarin silolama sirasinda laktik asit bakterileri tarafindan kullanilan en énemli enerji
kaynagi oldugu bildirilmektedir (McDonald, 1991). Bu ¢alismada da katki maddesi ilave edilen silajlarin SCK
icerikleri ve buna paralel olarak LAB sayilar1 daha yiiksek tespit edilmistir.

Silaj1 yapilacak bitkinin kapatilmasi sonrasinda, proteinlerin bitkisel enzimler aracilig1 ile pargalanmasi devam
etmektedir. Proteolitik aktivitenin boyutlar1 ve bu baglamda da proteinlerin yikim miktar1 ortamdaki asidik kosullarla
iliskili olup, silolamanin baslangicindaki kritik donemde pH degerindeki diisiisiin hiz1 6nemli bir faktdrdiir (Petterson,
1988; McDonald ve ark., 1991; Davies ve ark., 1998). Bu caligmada katki maddesi ilavesi silajlarin pH degerlerinin
kontrole kiyasla daha diisiik olmasina sebep olmustur.

Tablo.2. Silajlarin fermantasyon kalitesi ve kimyasal kompozisyonu
Table2. Fermentation quality and chemical composition of silages

Giin Katki % KM pH HK, HP NH3-N. SCK LA.
%KM %KM glkg TN g/kg KM g/kg KM
15. 64.83a 3.49b 1.27 9.55 11.65b 2.36b 7.52
30. 63.82b 3.62a 1.29 9.71 14.35a 3.11a 7.38
SEM 0.09 0.01 0.03 0.07 0.25 0.07 0.08
Kontrol 64.21 3.6la 1.26 9.47 10.95b 2.33b 5.97c¢
Lalsil 64.27 3.50c 1.29 9.69 14.16a 2.90a 7.40b
Pioneer 64.48 3.56b 1.29 9.72 13.88a 2.98a 8.97a
SEM 0.10 0.01 0.04 0.09 0.30 0.08 0.10
15. Kontrol 64.75a 3.58b 1.30 9.19b 10.40¢ 1.67d 6.36¢
Lalsil 64.81a 3.39d 1.31 9.65a 13.05b 2.32¢ 7.42b
Pioneer 64.92a 3.50c 1.20 9.80a 11.49¢ 3.10b 8.77a
30. Kontrol 63.67b 3.63a 1.21 9.75a 11.49¢ 3.00b 5.58d
Lalsil 63.74b 3.60ab 1.27 9.74a 15.28a 3.49a 7.39b
Pioneer 64.04b 3.62ab 1.39 9.65a 16.27a 2.85b 9.17a
SEM 0.15 0.02 0.06 0.13 0.43 0.12 0.15
Gilin <0.001 <0.001 0.688 0.131 <0.001 <0.001 0.264
Katki 0.180 <0.001 0.783 0.128 <0.001 <0.001 <0.001
GXK <0.001 <0.001 0.223 0.031 <0.001 <0.001 <0.001

KM: Kuru madde, HP: Ham protein, HK: Ham kiil, NH3-N: Amonyaga bagli nitrojen, SCK: Suda ¢6ziinebilir karbonhidrat, LA:
Laktik asit, G: Giin, K: Katki

3.3. Yiiksek Nemli Dane Misirin Mikrobiyolojik Parametrelerine Iliskin Analizler

Tablo 3'de yiiksek nemli dane musir silajlarinin 15 ve 30 giinliik silolama sonrasi mikrobiyolojik analiz
sonuglart verilmistir. Silolama siiresi silajlarin LAB ve maya igerikleri {izerinde etkili olmustur. Silolama siiresine
bagh olarak silajlarm LAB ve maya igerikleri artmistir (P<0.001). Silajlarin LAB popiilasyonu bazi
arastirmacilarin (Kaya ve Polat, 2010; Silva ve ark., 2016) musir silajinda belirledikleri LAB popiilasyonlarindan
(3.76-6.69 kob/g! KM) daha yiiksek oldugu saptanmustir.

Katki maddesi ilavesi ise silajlarin LAB ve maya igerikleri {izerinde etkili olmustur. Katki maddesi ilaveli
silajlarm LAB ve maya icerikleri kontrol grubu silajlara oranla daha yiiksek tespit edilmistir (P<0.001).
Fermantasyon siiresi katki interaksiyonu ise LAB ve maya igerikleri tizerinde etkili olmustur (P<0.001). Mayalarin
silajda bulunmalari iki sebeple istenmemektedir. Bunlardan birincisi, silajin hava aldig1 kosullarda bozulmasindan
sorumludurlar. ikincisi ise, LAB’ leri ile rekabete girerek sekerleri hicbir koruyucu 6zelligi olmayan etanole
fermente etmeleridir (McDonald ve ark. 1991). Silajlarin maya igerigi, Kaya ve Polat (2010) bildirdigi (4.55 kob/g’
' KM), Silva ve ark. (2016)’nin arastirmasinda belirledigi maya varligindan (5.23 kob/g KM) daha yiiksek
bulunmustur.

Mevcut arastirmada, agilan higbir silajda kiif gelisimine rastlanmamustir. Iyi kapatilmis diisiik pH’l1 ve
anaerobik kosullarin saglandig: silo kosullar1 kiiflerin gelismesine uygun degildir. Kiifler genellikle silonun hava
almaya a1k olan yerlerinde ve yiizey kisimlarinda gelisirler. Kiiflerin silaj ortaminda bulunmalari istenmez. Cilinki
kiifler normal solunum yolu ile sadece sekerleri ve laktik asidi par¢alamakla kalmazlar, seliiloz ve diger hiicre
duvari bilesenlerini de hidrolize ederler.
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Tablo 3. Silajlarinin giin mikrobiyolojik analiz sonuglar: (kob/g KM)
Table 3. Microbiological composition of silages (cfu/g DM)

Giin Katki Lactobacilli Maya
15. 7.50b 7.68b
30. 7.78a 7.92a
SEM 0.01 0.01
Kontrol 7.54¢ 7.71b
Lalsil 7.71a 7.85a
Pioneer 7.67b 7.85a
SEM 0.01 0.01
15. Kontrol 7.44d 7.55d
Lalsil 7.61c 7.74¢
Pioneer 7.44d 7.76¢
30. Kontrol 7.63¢ 7.86b
Lalsil 7.82b 7.95a
Pioneer 7.90a 7.94a
SEM 0.01 0.01
Gilin <0.001 <0.001
Katki <0.001 <0.001
GXK <0.001 <0.001

KM: Kuru madde, G: Giin, K: Katki

3.4. Yiiksek Nemli Dane Misirin Aerobik Stabilite Ozelliklerine Iliskin Analizler

Tablo 4'de yiiksek nemli dane musir silajlarim 15 ve 30 giinliik silolama sonras1 5 giinliik aerobik stabilite
analiz sonuglar1 verilmistir. Silolama siiresi silajlarin pH, CO2, maya ve kiif icerikleri {izerinde etkili olmustur.
Silolama siiresine bagl olarak silajlarin pH, CO2, maya igerikleri diiserken silajlarda kif tespit edilmemistir
(P<0.001)

Tablo 4. Silajlarin aerobik stabilite parametreleri

Table 4. Aerobic stability parameters of silages

Giin Katki % KM pH CO2 Maya Kaf
gkg KM  kob/g KM kob/g KM
15. 65.14a 6.00a 76.49a 9.15a 2.42a
30. 64.61b 4.79b 6.26b 8.94b 0.00b
SEM 0.17 0.07 0.15 0.01 0.01
Kontrol 64.81 5.48 43.61b 8.88b 3.62a
Lalsil 64.68 5.35 44.51a 9.11a 0.00b
Pioneer 65.14 5.36 35.99¢ 9.13a 0.00b
SEM 0.20 0.09 0.18 0.01 0.02
15. Kontrol 64.68 5.69b 78.19b 8.85¢ 7.25a
Lalsil 65.10 6.10a 83.82a 9.32a 0.00b
Pioneer 65.63 6.22a 67.45¢ 9.27b 0.00b
30. Kontrol 64.94 5.26¢ 9.03d 8.91d 0.00b
Lalsil 64.26 4.60d 5.20e 8.91d 0.00b
Pioneer 64.64 4.51d 4.54¢ 8.99¢ 0.00b
SEM 0.29 0.12 0.25 0.01 0.02
Giin 0.035 <0.001 <0.001 <0.001 <0.001
Katk1 0.276 0.549 <0.001 <0.001 <0.001
G XK 0.047 <0.001 <0.001 <0.001 <0.001

KM: Kuru madde, CO>: Karbondioksit, G: Giin, K: Katk1

Silaj biinyesinde kullanilmadan kalan sekerler ile yiiksek diizeyde olugan LA, aerobik stabiliteyi diislirmektedir.
Bazi maya ve kiifler artan sekerler ile LA’i besin maddesi olarak kullanip silajlarda CO; iiretimine yol agmakta,
bunun sonucunda ortam pH’sinda ve sicakliginda artis meydana gelmektedir (Ashbell ve ark., 1987). Arastirmadan
elde edilen veriler bu konuda yapilan ¢aligsmalari destekler niteliktedir (Uriarte, 2001; Kog ve ark., 2009; Wilkinson
ve Davies, 2012; Toruk ve ark.2010). Pahlow ve ark. (2003), yiiksek nemli musir silajlarinda maya sayisinin (3-5
kob/g) diizeyinde oldugunu ve yiiksek oranda maya sayisinin, 6zellikle yiiksek sicakliklarda aerobik stabiliteyi
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diisiirdiiglinii bildirmislerdir. Yiiksek nemli dane misir silajlarinin maya igeriklerinin yiiksek olmasinin nedeni tam
olarak belirlenememis olmakla beraber, daneye fiziksel zarar verilmesinin mikroorganizmalar i¢in substrat
olusturmasindan kaynaklanabilecegi bildirilmektedir (Teller ve ark., 2012).

4. Sonug¢

Bu ¢aligmada homofermantatif + heterofermantatif 6zelliklere sahip iki farkl: icerikteki inokulantin yiiksek nemli
dane mustra ilavesinin farkl silolama siirelerinde fermantasyon ve aerobik stabilite {izerine etkileri degerlendirilmistir.
Silolama siiresine bagl olarak kontrol grubu da dahil tiim silajlarin pH, NH3-N, SCK, LAB ve maya icerikleri artmus,
KM igerikleri ise diismistiir. Laktik asit bakteri inokulant1 ilave edilen silajlarm NH3-N, SCK, LA, LAB ve maya
icerikleri kontrol grubu silajlara oranla daha yiiksek tespit edilmistir. Aerobik stabilite donemi {izerinde silolama siiresi
etkili olmusg, fermantasyon siiresindeki artigina bagl olarak silajlarm pH degeri, COz iiretimi ve maya sayilar1 azalmustir.
Aerobik stabilite dsneminde Pioneer 11CFT inokulant: kullanilan yiiksek nemli dane musir silajlarinda COz {iretimini
azaltmstir. Gerek Pioneer 11CFT gerekse de Lalsil inokulant1 ilavesi aerobik stabilite déneminde yiiksek nemli
dane musir silajlarmm maya igerikleri artirmis, ancak kiif gelisimini ise tamamen Onlemistir. Bundan sonraki
caligmalarda, 6zellikle silolama siiresinin daha uzun siireli olacagi ¢alismalarin yapilmasi 6nerilmektedir.

Tesekkiir

Bu calisma Tekirdag Namik Kemal Universitesi tarafindan NKUBAP. 03 YL.21.298 Nolu Arastirma Projesi olarak
desteklenmistir.
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Tekirdag ili Park ve Siis Bitkilerinde Akar (Acari) Tiirleri ve Konukc¢ularin
Belirlenmesi

The Determination of Mite (Acari) Species and Their Hosts on Park and Ornamental Plants in
Tekirdag Province (Turkiye)

Pmar GENCER GOKCE!, Nihal KILIC*, Sultan COBANOGLU?

Oz

Tekirdag il merkezinde park, fidanlik ve yesil alanlarda bulunan siis bitkilerinde, yapragimi déken agaclarda ve
calimsi bitkilerde (47 bitki tiirii) zararli, avel ve notr akar tiirleri (Acari) tespit edilmistir. Survey sonuglarina gore
Tetranychidae familyasma ait 2 tir (Tetranychus urticae Koch, Panonychus ulmi Koch); Tenuipalpidae
familyasina ait 8 tiir (Cenopalpus spinosus Donnadieu, C. irani Dosse (1971), C. bakeri Diizgilines, C.pennasitesus
Wainstein, Pentamerismus oregonensis McGregor, P. taxi Haller, Brevipalpus lewisi McGregor); Phytoseiidae
familyasina ait 7 tiir (Phytoseius finitimus Ribaga, Kampimadromus aberrans Oudemans, Euseius finlandicus
Oudemans, Amblyseius andersoni Chant, Typhlodromus athiasae Porath and Swisrki, Paraseiulus triporus Chant
and Yoshida-Shaul ve P.soleigner Ribaga); Tydeiidae familyasindan 2 tiir (Tvdeus californicus Banks, T.caudatus
Duges), Ascidae’den Blattisocius tarsalis Berlese ve Acaridae’den Tyrophagus putrescentiae Schrank olmak
tizere toplam 20 akar tiirii tespit edilmistir.

Calismada Tetranychus urticae %47 bulunus orani ile en yaygin zararl tiir olarak belirlenmistir. 7.urticae’nin en
cok tercih ettigi konukgularin ates dikeni (Pyracantha coccinea) ve giil (Rosa gallica) oldugu tespit edilmistir.
Cenopalpus bakeri ikinci en sik goriilen fitofag tiirdiir (%30). Predator ve notr akarlarin bulunus orani %57°dir.
En yaygin predator akar tiirii 172 birey ve % 56.21 bulunus orani ile Kampimodromus aberrans‘tir ve 17 farkli
bitki tiiriinden toplanmistir. Catalpa bignonioides, Fraxinus excelsior, Aesculus hippocastanum ve Tilia tometosa
akarin en ¢ok kolonize oldugu bitkiler olmustur. K. aberrans 1 avci akar tiirleri Euseius finlandicus ve Phytoseius
finitimus takip etmistir.

Arastirmada Tekirdag merkezindeki yesil alanlarda bulunan park ve siis bitkilerinin zararl akarlarla bulasik
olduklari, bununla birlikte ciddi sayida olmadiklari i¢in daha yiiksek populasyona sahip avci akarlar tarafindan
kontrol altina alabilecekleri kanisina varilmustir.

Anahtar kelimeler: Acari, Tetranychidae, Tenuipalpidae, Phytoseiidae, Fitofag, Predator

2*Sorumlu Yazar/Corresponding Author: Nihal KILIC Tekirdag Namik Kemal Universitesi, Ziraat Fakiiltesi, Bitki Koruma Boliimii, Tekirdag, Tiirkiye. E-
mail: nkilic@nku.edu.tr ' OrcID: 0000-0002-7538-7444

*Pmar GENCER GOKCE Liileburgaz ilge Gida Tarim ve Hayvancilik Midiirliigii, Kirklareli, Tiirkiye E-mail: gencer.zm@windowslive.com OrclD: 0000-
0002-1213-129X.
3Sultan COBANOGLU Ankara Universitesi, Ziraat Fakiiltesi, Bitki Koruma Boliimii, Tekirdag, Tiirkiye E-mail: coban.sultan@gmail.com " OrcID: 0000-0002-
3470-1548.

Atif/Citation: Gokge Gencer, P., Kilig, N ve Cobanoglu, S. Tekirdag ili Park ve Siis Bitkilerinde Akar (Acari) Tiirleri ve Konukgularmin Belirlenmesi

Tekirdag Ziraat Fakiiltesi Dergisi, 19 (3), 697-711.

* Bu galisma Pinar Genger Gokge’nin Yiiksek Lisans Tezinden Uretilmistir. Bir boliimii Uluslararas1 Katiliml Tiirkiye VI. Bitki Koruma Kongresinde, bir
boliimii 8th Symposium of the European Association of Acarologists (EURAAC)’de dzet olarak basilmistir.

©Bu galigma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisansi (https://creativecommons.org/licenses/by-nc/4.0/) kapsaminda
yaymlanmistir. Tekirdag 2022

697




Gencer Gokge & Kili¢ & Cobanoglu
Tekirdag ili Park ve Siis Bitkilerinde Akar (Acari) Tiirleri ve Konukgularinin Belirlenmesi

Abstract

Harmful, predatory and neutral mites were identified of ornamental plants, defoliant trees, shrubs (47 plant species)
of in parks, nurseries and green areas in centre of Tekirdag province.

According to the survey results, totally 20 mite species were identified as follows: two species belonged to the
Tetranychidae family (Tetranychus urticae Koch, Panonychus ulmi Koch), eight species belonged to the
Tenuipalpidae family (Cenopalpus spinosus Donnadieu, C.irani Dosse (1971), C.bakeri Diizgiines,
C.pennasitesus Wainstein, Pentamerismus oregonensis McGregor, P. taxi Haller, Brevipalpus lewisi McGregor);
8 species belonged to the Phytoseiidae family (Phytoseus finitimus Ribaga, Kampimadromus aberrans Oudemans,
Euseius finlandicus Oudemans, Amblyseius andersoni Chant, Typhlodromus athiasae Porath and Swisrki,
Paraseiulus triporus Chant and Yoshida-Shaul ve P.soleigner Ribaga); 2 species belonged to the Tydeiidae family
(Tydeus californicus Banks, T.caudatus Duges), Blattisocius tarsalis Berlese from Ascidae and Tyrophagus
putrescentiae Schrank from Acaridae.

Tetranychus urticae was found as the most common harmful mite species with 47% prevalance rate in the study.
Firethorn (Pyracantcha coccinea) and the rose (Rosa gallica) were determined as the most preferred host plants
by T.urticae. Cenopalpus bakeri was the second common phytophagus species (30%). Prevalance rate of predatory
and neutral mites was estimated as 57%. The most common predatory mite species found as Kampimodromus
aberrans, with 172 individuals and 56.21% frequency and they were collected from 17 different plant species.
Catalpa bignonioides, Fraxinus excelsior, Aesculus hippocastanum and Tilia tometosa were the most preferred
hosts to colonise by this species. K. aberrans was followed by predatory mite species Euseius finlandicus and
Phytoseius finitimus.

The study showed that park and ornamental plants, in green areas in centre of Tekirdag are infested with harmful
mite species; however, since they were not in substantial numbers, it was believed that predatory mite their higher
population species might probably control them because of densities.

Key Words: Acari, Tetranychidae, Tenuipalpidae, Phytoseiidae, Phytophagus, Predatory
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1. Giris

Kentlesmenin baslamasiyla gevre sorunlarinin ortaya ¢ikmasi ve dogadan uzaklasan insanlarin yesil alanlara
6zleminin artmasi siis bitkileri ve orman agaglarinin énemini daha da arttirmistir.

Sehirlerin yesil alanlart bircok gevresel ve ekolojik hizmetlerinin yani sira, kent halkina énemli sosyal ve
psikolojik fayda saglarlar (Chiesura, 2004). Yesil alanlarda hem goriintii bakimindan hem de giines 151811 absorbe
etme ve yansimayl Onleme, ortam nemini arttirma, erozyon kontrolii gibi fiziksel ozellikleri nedeniyle ¢esitli
tasarim bitkileri kullanilmaktadir (Y1lmaz, 2006). Parklarin kolay ulasilabilir olmasi, farkli yas gruplarina hitap
etmesi, her mevsim kullanilabilir olmasi, bakimli olmasi parklara ilgiyi daha da artiracaktir (Sigman ve Giiltekin,
2014).

Yesil alanlarda bulunan bitkiler ve agaglara zarar veren pek ¢ok canli tiirii bulunmaktadir. Zararlilar arasinda
ozellikle akarlar ¢ogu bitkide oldugu gibi hemen hemen tiim siis bitkileri ve orman agaglarinda da karsimiza
cikmaktadir. Akarlar gozle zor goriilebilen ¢ok kiiciik canlilardir, bitkiyi styletleri vasitasiyla sokup dzsuyunu
emerek beslenir ve zarar verirler. Beslenme sonucu yapraklarda dnce beyaz sonra sar1 ve sonra da kahverengi
lekeler meydana gelir, bu lekeler birleserek yapragin kuruyup doékiilmesine sebep olur, ¢igekler agmaz ya da
renksiz ve soluk kalir (Baker ve Wharton 1952, Jeppson ve ark. 1975, Cobanoglu ve Bayram, 1999). Bazi tiirler
ag ordiikleri i¢in yapraklarin lizeri aglarla ortiiliir, yapraklar dokiiliir, zarar ilerledikge bitkiler tamamen kuruyup
oOlebilirler. Ayrica baz tiirler salgiladiklar1 toksik maddelerle bitki dokusunda ur, gal ve ¢esitli deformasyonlar
meydana getirirken baz: tiirler ise bitki viriis hastaliklarinin vektoriidiir (Toros 1992).

Diinyada ve {lilkemizde yesil alanlarda bulunan agaglar, ¢alimsi bitkiler ve siis bitkilerindeki akarla ilgili baz
caligma bulunmaktadir (Kropczynska ve ark. 1985, Ripka 1997, Cobanoglu ve Bayram 1999, Cobanoglu ve
Kazmierski, 1999, Uysal ve ark. 2001, Labanowski ve Soika 2003, Cobanoglu 2004, Faraji ve ark., 2011). Siis
bitkilerinde siklikla goriilen Tetranychidae, Tenuipalpidae, Phytoseiidae, Tydeidae familyalarina ait akar tiirlerinin
tespiti ile ilgili gesitli calismalar mevcuttur (Yesilayer ve Cobanoglu 2011, Saglam ve Cobanoglu 2007, Cobanoglu
ve ark., 2016, Cobanoglu ve ark., 2019). Aralarinda Tekirdag ilininde bulundugu Trakya Bolgesi illerinde gesitli
bitkilerde Phytoseiidae tiirlerinin tespit edildigi genis kapsamli surveyde, 5 avci tiiriin lilkemizde ilk kez kayit
edilmesi ile birlikte toplam 19 avci akar tiliriin varliginin saptanmas1 Tekirdag ilinin predatdr akarlarca zengin
oldugunu ortaya koymustur (Cobanoglu, 2004). Onemli Phytoseiid akarlarin teshis kriterleri ve iilkemizdeki
dagilimlar ile ilgili yapilan genis kapsamli calismada Tekirdag ilinde bulunan bazi predatér tiirler de yer almistir
(Faraji ve ark., 2011).

Ayrica Tekirdag ilinde yumusak c¢ekirdekli meyve agaglarinda zararl akar tiirleri (Kilig ve Cobanoglu, 2016),
sert ¢cekirdekli meyve agaclarinda zararli ve faydali akar tiirleri (Kili¢ ve ark, 2019), badem agaclarindaki akar
tirleri (Ugan ve Kilig, 2019) daha dnceki ¢alismalarda tespit edilerek ilin bitki ortiisiindeki bazi zararh ve faydali
akarlarin varlig1 belirlenmistir. Bunun yani sira yine Tekirdag ilinde yaptigimiz surveyde ates dikeninde tespit
edilen Cenopalpus pennasitesis ve C.irani lilkemiz akar faunasi i¢in ilk kayitlardir, bu kayitlar ilde farkli akar
tiirlerinin bulunma potansiyeli bakimindan énemlidir (Cobanoglu ve ark., 2019).

Tekirdag ilinde park ve yesil alanlardaki bitkilerde zararli akarlar ile avc tiirler ile konukgular1 hakkinda
kapsamli survey bulunmadigi i¢in bu bitkilerdeki akar faunasinin tespit edilmesi gerekliligi dogmustur. Caligmanin
konusunu il merkezindeki orman agaglari, calimsi bitkiler, tek yillik ve ¢ok yillik siis bitkileri lizerinde bulunan
zararli ve faydal akarlar olusturmaktadir. Adi gegen bitkilerde akar tiirlerinin teshis edilmesi ve konukgu dizileri
ile tercih ettikleri bitkilerin belirlenmesi amag¢lanmustir.

2. Materyal ve Metot

2.1. Materyal

Bu ¢aligmanin ana materyalini Tekirdag ili merkezindeki parklar, yesil alanlar, refijjler, 6zel fidanliklar ve
Namik Kemal Universitesi Kampiisiinden alinan (Sekil 1) tek ve ¢ok yillik siis bitkileri ile peyzaj planlamasi igin
kullanilan ¢alims1 bitkiler, dar ve genis yaprakli agaclardan alinan yaprak érneklerindeki zararli ve faydali akar
tiirleri olusturmaktadir.
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2.2. Metot

Dogada akarlarin ¢ikiglar1 gz oniine alinarak &rnekler Nisan ayinda toplanmaya baslanmis ve Ekim ayina
kadar iki haftada bir periyodik olarak devam edilmistir. Ornekler bitkilerin yaprak ve ¢igeklerinden rastgele
toplanmistir. Alinan drnekler konukgu bitkinin ismi, toplandig1 yer ve tarihi belirtecek sekilde etiketlenerek kagit
torbalara konularak laboratuvara getirilmistir.

Laboratuvara getirilen drnekler stereo mikroskop altinda inceleninceye kadar +4 derecede muhafaza edilmistir.
Yapraklar hizl bir sekilde incelenerek iizerlerindeki akarlar 00 nolu firga yardimiyla icinde %70’lik alkol ve etiket
bulunan kiiciik tiiplere aktarilmistir. Preparatlar Diizgiines (1980)’e gore yapilmistir.

i 0 slols)ele] @k @) (1] =]

Yol tarifial Gegmiy

Google Earti@

ik

Sekil 1. Tekirdag il merkezinde érnekleme yapilan lokaliteler
Figure 1. Sampling locations of centre of Tekirdag Province

Calismada saptanan akar tiirlerinin teshislerinde, Pritchard ve Baker (1958), Baker (1965), Diizgiines (1963,
1965), Jeppson ve ark, (1975), Rowell ve ark. (1978), Arutunjan (1977), Beglyarov (1981), Chant and Yoshida-
Shaul (1987), Meyer (1987), Seeman ve Beard (2011), Cobanoglu ve ark. (2015, 2016)’dan yararlanilmustir.

3. Arastirma Sonuclari ve Tartisma

Tekirdag merkezindeki park ve yesil alanlarda bulunan tek ve cok yillik siis bitkileri ile ¢alimst bitkiler, dar ve
genis yaprakli agaclarda zararli ve faydali akar faunasina ait tiirlerin saptanmasi amaciyla yapilan survey
caligmasinin sonucunda 47 farkli bitki tiirlinden 274 adet 6rnek toplanmis ve bu drneklerden 144 adedinde (%52)
akarlara rastlanmigtir

Preparat haline getirilen akarlardan 7 familyaya ait 20 akar tiirii tespit edilmis, bunun yani sira sadece cins
diizeyinde belirlenebilen 9 cinse ait 6nemli sayida akar bireyleri de saptanmstir (Tablo 1).

Fitofag tlirlerden Tenuipalpidae (7 tiir) ve Tetranychidae (2 tiir) familyalar1 one ¢ikarken predatoér ve ndtr
akarlardan Phytoseiidae familyasindan 7 tiir, Tydeiidae familyasindan 2 tiir, Acaridae ve Ascidae familyalarindan
birer tiir belirlenmistir.

Surveyler sonucunda tespit edilen toplam 631 akarin 272’si zararli, 359’u faydal ve notr akardir. Bulunus
orani olarak bakildiginda %57’si faydali ve notr, %43’si zararli akarlara aittir.

Calisma sirasinda zararl akar tiirlerinden Tetranychidae familyasindan P.ulmi, T.urticae, Tenuipalpidae
familyasindan Cenopalpus bakeri, C.pennasitesus, C.irani, C.spinosus, Pentamerismus oregonensis, P.taxi,
Brevipalpus lewisi tespit edilmistir. Tetranychus, Eotetranychus, Oligonychus cinslerine ait tiir teshisi yapilamamig
bireyler de bulunmaktadir. Zararli akar tiirlerinin bulunus oranlar1 Seki/ 2’ de verilmistir. T.urticae en yaygin
goriilen zararli akar tiiridiir ve C.bakeri onu takip etmistir.
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Tablo 1. Tekirdag ili merkezinde siis bitkilerinde tespit edilen akar tiirleri
Table 1. Determined mite species on ornamental plants in centre of Tekirdag province

Takim Alttakim Familya Tiirler

Tetranychus urticae Koch

Panonychus ulmi Koch
Tetranychidae  Tegranychus Dufour, 1832 sp.
Eotetranychus Oudemans, 1931 sp.
Oligonychus Berlese, 1886 sp.
Cenopalpus spinosus Donnadieu
Cenopalpus bakeri Diizgiines
Cenopalpus pennasitesus Wainstein
Cenopalpus irani Dosse 1971
Pentamerismus oregonensis McGregor

Acariformes Prostigmata

Zararl akarlar

Tenuipalpidae

Pentamerismus taxi Haller
Brevipalpus lewisi McGregor
Pentamerismus McGregor, 1949 sp.
Phytoseius finitimus Ribaga
Kampimadromus aberrans Oudemans
Euseius finlandicus Oudemans
Phytoseiidae ~ Amblyseius andersoni Chant 1957

Parasitiformes =~ Mesostigmata Typhlodromus athiasae Porath and Swisrki

Paraseiulus soleigner Ribaga

Paraseiulus triporus Chant and Yoshida-Shaul

Blattisocius tarsalis Berlese

Blattisocius Keegan, 1944 sp.

Tyrophagus putrescentiae Schrank

Tyrophagus Oudemans 1924, sp.

Tydeus caudatus Duges

Acariformes Tydeiidae Tydeus californicus Banks

Prostigmata Tydeus Koch, 1835 sp.
Agistemus Summer, 1960 sp.
Zetzellia Oudemans 1927 sp.

Ascidae

Astigmata Acaridae

Faydali ve n6tr akarlar

Stigmaeidae

P. taxi B. lewisi C.i;;am'
1% 2%

2%
P. oregonensis

4%

u T. urticae
uP. ulmi
T. urticae ™ C. spinosus

47 C. bakeri
m C. pennasitesus
m P. oregonensis
B P. taxi
B B. lewisi

m C.irani

P. ulmi
I “’)

Figure 2. Prevalence of harmful mite species of ornamental plants in Tekirdag (%)

Sekil 2. Tekirdag ili siis bitkilerinde zararli akar tiirlerin bulunugs oranlari (%)

Aragtirmamizda tespit edilen ve Mesostigmataya bagli olan 8 predatdr tiirden K.aberrans 172 birey ve %56.21
bulunus orani ile avcr tiirler arasinda en yaygini olarak gézlenmistir (Sekil 3). Bu tiirii E.finlandicus ve P. finitus
takip etmistir. Bilindigi lizere predator tiirler zararh tiirlerin populasyonlarini belli oranda baski altina
alabilmektedir.
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= K.aberrans E.finlandicus u P.finitus
= T.athiasae = B.tarsalis = P.soleiger
P.tripodus A.andersoni

Figure 3. Prevalence of the predatory mite species of ornamental plants in Tekirdag (%)

Sekil 3. Tekirdag ili siis bitkilerinde predator akar tiirlerin bulunus oranlari (%)

Tydeidae familyasindan 7. californicus ve T.caudatus ise notr tiirler olarak adlandirilan grup arasindadir.

Konukgu bitkilerin akarla bulasik olma durumlar incelendiginde iizerinde 83 birey (11 zararli, 72 faydali ve
ndtr birey) tespit edilen disbudak akarlarin kolonize olmak i¢in en ¢ok tercih ettigi konuk¢u olmustur. Ates
dikeninde 79 birey (47 zararli, 32 faydali ve nétr birey); giilde ise 76 birey (72 zararli, 4’ii faydali ve notr)
bulunmustur. Zakkumda sadece bir akara rastlanmustir.

Surveyler sonucunda zararli akarlardan Tetranychidlerin yapragini doken agaclarda Tenuipalpidlerin ise
ibrelilerde daha yogun olduklari tespit edilmistir, bu sonug Istanbul ili yesil alanlarinda yapilan arastirma ile
oldukga benzerlik gostermektedir (Yesilayer ve Cobanoglu 2011).

Familya: Tetranychidae
Tetranychus urticae Koch, 1836

Incelenen materyal: igde (Elaeagnus angustifolia) 16(9 Q) 1(3) 14.07.2011 (40°58'21.42"K 27°30'29.80"D);
aksam sefasi (Mirabilis jalapa) 2(Q) (40°58'45.52"K 27°31'25.46"D); dis budak (Fraxinus excelsior) 1(3)
18.07.2011 (40°58'32.07"K 27°30'59.79"D); kasimpati (Chrysanthemum sp) 1(3), gill (Rosa gallica) 17(Q)
4(33), 19.07.2011 40°59'8.10"K 27°34'37.26"D); kral agaci (Paulownia tomentosa) 13(9) 8(33), 1 nimf
06.08.2011 (40°58'51.71"K 27°33'3.81"D); kiipe ¢icegi (Fuchsia triphylla) 2(99), ates dikeni (Pyracantha
coccinea) 4(9) giil (Rosa gallica) 1(Q) 26.05.2012 (40°59'8.10"K 27°34'37.26"D)

Konukgular1 ve dagilimi: Diinyada ve iilkemizde ¢ok sayida kiiltiir bitkisinde ve siis bitkisinde saptanmigtir
(Jeppson ve ark. 1975, Uysal ve ark. 2001, Zhang ve Henderson 2002, Elma ve Alaoglu 2008, Yesilayer 2009,
Migeon ve ark., 2011, Cobanoglu ve Kumral 2014, Kumral ve Cobanoglu 2015, 2016, Cobanoglu ve ark., 2020,
Kilig ve ark., 2019).

Panonychus ulmi Koch, 1836
Incelenen materyal: Dut (Morus nigra) 1(9) 04.08.2012 (40°59'34.08"K 27°35'2.03"D)

Konukgular1 ve dagilimi: Istanbul’da bodur y1ldiz ¢alisinda tespiti yapilmistir (Yesilayer ve Cobanoglu 2011).
Bu tiir daha ¢ok elma, incir, kiraz, visne, seftali, erik, ayva, ahlat, musmula meyve agaclarini tercih etmektedir
(Diizgiines 1954, Yigit ve Uygun 1982, incekulak ve Ecevit 2002, Yanar ve Ecevit 2005, Kasap ve ark. 2004,
Kumral 2005).
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Familya: Tenuipalpidae

Yass1 akarlar olarak bilinen Tenuipalpidae familyas: tiirleri portakal renginden kirmiziya kadar degisen
renklerde, yaklasik 200 p- 400 p, oldukea kiigiik, viicutlarinin dorsali genellikle ag gibi gériiniimde olan ve yavas
hareket eden akarlardir (Jeppson ve ark. 1975, Zhang 2003). Arastirmamizda bu familyaya ait 7 tiir tespit edilmistir.

Cenopalpus spinosus Donnadieu, 1875
Incelenen materyal: Siis erigi Prunus ceracifera 10(3) 03.05.2012 (40°59'37.59"K 27°34'50.12"D).

Konukgular1 ve dagilim: Istanbul’da akgaagag, disbudak, musmula ve servide (Yesilayer ve Cobanoglu, 2011),
Tokat’ta seftali, visne, kiraz, erik ve mahlepte (Erdogan 2013), ingiltere, Danimarka, Hollanda, Portekiz,
Avusturya, Bulgaristan, Libya, Iran, Sicilya, Kibris, Misir, Israil, Tiirkiye, Yunanistan, Ukrayna, Irak’ta cesitli
bitkilerde kay1t edilmistir (Pritchard ve Baker 1958, Jeppson ve ark. 1975).

Cenopalpus irani Dosse 1971
Incelenen materyal: Ates dikeni (Pyracantha coccinea) 4(%) 04.08. 2012 (40°59'40.0"K, 27°34'46.3"D)

Konukgulart ve dagilimi: Diinyada incir, erik, kiraz, elma, armut, ayva, zeytin siis bitkileri kavak, asmada
(Khanjani ve ark., 2012) tespit edilen bu tiir iilkemizde ilk defa Tekirdag ilinde ates dikeninde, Ankara’da kiraz,
badem, kayis1 agaclarinda kayit edilmistir (Cobanoglu ve ark., 2019), iilkemiz i¢in ilk kaydinin Tekirdag’da olmasi
onemlidir.

Cenopalpus bakeri Diizgiines 1967

Incelenen materyal: Siis elmas1 Malus floribunda 8(S Q) 26.04.2012 (40°59'37.59"K 27°34'50.12"D); ates
dikeni (Pyracantha coccinea) 33(?) 1 nimf 04.08.2012 (40°59'37.59"K 27°34'50.12"D); kurt bagri (Ligustrum
vulgare) 8(9) 12.08.2012 (40°58'21.42"K 27°30'29.80"D)

Konukgular1 ve dagilimi: fran’da erik, ayva, asmada (Khanjani ve ark., 2012) iilkemizde elma, bogiirtlen ve
crateagusta (Cobanoglu ve ark 2016) tespit edilmistir.

Cenopalpus pennasitesis Wainstein 1958

Incelenen materyal: Ates dikeni (Pyracantha coccinea), 3(%) 2(33) 04.07.2011 (40°59'40.0"K,
27°34'46.3"D) 4(2 Q) 2(33) 12. 07. 2011 (40°59'14.3"K, 27°34'33.8"D

Konukgular1 ve dagilimi: Bu tiir de {ilkemizde ilk defa Tekirdag’da ates dikeninde ve Ankara’da kara kavakta
kayit edilmistir (Cobanoglu ve ark., 2019). Diinyada Salix aegyptiaca (Khosrowshahi ve Arbabi 1997; Kamali et
al. 2001; Khanjani et al. 2013), Populus sp. (Hatzininkolis ve Emmanouel 1987)” de tespit edilmistir.

Pentamerismus oregonensis Mc Gregor, 1949
Incelenen materyal: Mazi (Biotola orientalis) 4(2 2)2(3) 09.09.2012 (4 40°59'12.99"K 27°34'52.85"D).

Konukgular1 ve dagilimi: Ulkemizde ilk olarak Cupress sp. ve Juniperus sp.’de (Bayram ve Cobanoglu 2007),
daha sonra Cupressus arizonica, Cedrus atlantica, C.libani, A.rich, Cupresso cyparis leylandii Euonymus fortunei,
Juniperus sp., Picea pungens, Pinus pinea, Pinus excelsa, Taxus baccata, Alnus glutiniosa gibi bitkilerde (Saglam
ve Cobanoglu, 2007, Yesilayer ve Cobanoglu 2011) bulunmustur.

Pentamerismus taxi Haller, 1877
Incelenen materyal: Mazi1 (Biotola orientalis) 3(?) 09.09.2012 (4 40°59'12.99"K 27°34'52.85"D).

Konukgular1 ve dagilimi: Birkag iilkede ve {ilkemizde porsuk (Pritchard ve Baker 1958, Ehara 1962, Yesilayer
ve Cobanoglu 2011 ve ardigta (Uysal ve ark. 2001) tespit edilmistir.

Brevipalpus lewisi McGregor, 1949
Incelenen materyal: Acem borusu (Campis radicans) 2(?) 16.09.2012 (40°59'8.10"K 27°34'37.26"D)

Konukgular1 ve dagilimi: Tokat’ta kirazda (Erdogan 2013), Ankara’da yasemin ve keci sakalinda saptanmistir
(Uysal ve ark. 2001).
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Familya: Phytoseiidae

Ozellikle Phytoseiidae familyast tiirleri Tetranychid, eriophid gibi énemli zararli akarlarla beslenen tiirlere
sahiptir. Ulkemizde Phytoseiid akarlarin belirlenmesi ile ilgili ¢alismalar mevcuttur (Diizgiines ve Kilig 1983,
Sekeroglu 1984, Cobanoglu 1989, 2001, 2004; Cobanoglu 1993a, b, c; Alaoglu 1996). Arastirmamizda bu
familyadan 7 avci akar tiirii teshis edilmistir.

Kampimadromus aberrans (Ouedemans 1930)

Incelenen materyal: At kestanesi (desculus hippocastanum) 19 (Q) 04.07.2011 (40°59'24.24"K
27°36'20.13"D), at kestanesi (Aesculus hippocastanum) 2(Q), akgaagag (Acer sp.) 3(Q); cennet agaci (dilanthus
altissima) 1(9) 04.07.2011; siis erigi (Prunus cerasifera) 1(9) 2(33), ¢inar (Platanus orientalis) 4(9) 06.07.2011
(40°59'37.59"K 27°34'50.12"D); puro agac1 (Catalpa bignonioides) 27(9) 1(3); ates dikeni (Pyracantha coccinea)
1(Q) 12.07.2011; kiraz (Prunus avium) 2(9) 13.07.2011 (40°5924.24"K 27°36'20.13"D); Thlamur (ilia
tomentosa) 13(9) 04.07.2011 (40°59'37.59"K 27°34'50.12"D); thlamur (7Tilia tomentosa) 7(?) 1(3) 14.07.2011
40°58'3.39"K 27°30'8.47"D); ates dikeni (Pyracantha coccinea) 1(99) 1(3) 14.07.2011 (40°58'45.52"K
27°31'25.46"D); giil (Rosa sp.) 1(R) 14.07.2011 (40°58'37.84"K 27°31'4.16"D); disbudak (Fraxinus excelsior)
18(29) 14.07.2011 (40°5832.07"K  27°30'59.79"D), 3(29) 2(&) (40°58'3.39"K 27°30'8.47"D) 2(Q)
(40°58721.42"K 27°3029.80"D); akeaagag (dcer sp.) 3(Q), incir (Ficus carica) 2(29) 1(3) 13.08. 2011
(40°59'1.11"K 27°33'12.57"D); akasya (Robinia pseudoecaccia) 2(?), siyah dut (Morus nigra) 10(9 %) 2 nimf,
ates dikeni (Pyracantha coccinea) 3(Q), ak¢aagag (Acer sp.) 1(Q) 23.09.2011, siyah dut (Morus nigra) 8(2%)
2(33) 1 nimf 24.04.2012 akgaagag (Acer sp.) 2(%) 29.05.2012 (40°59'37.59"K 27°34'50.12"D); incir (Ficus
carica) 4(9) 23.09.2011, disbudak (Fraxinus excelsior) 3(%), incir (Ficus carica) 1(Q), gelin gicegi (Zantedeschia
aethiopica) 1(?) 2 nimf, 07.07.2012 (40°58'49.04"K 27°31'48.04"D); kopek tiziimii (Solanum nigrum ) 1(Q),
Akgaagag (dcer sp.) 1(9) 16.06. 2012 (40°58'37.84"K 27°31'4.16"D); kurtbagr (Ligustrum vulgare 1(%)
12.08.2012 (40°58'21.42"K 27°30'29.80"D); miirver (Sambucus nigra) 16 (9) 16.09.2012 40°59'8.10"K
27°34'37.26"D)

Konukgulart ve dagilimi: Cesitli iilkelerde ve iilkemizde oldukg¢a yaygin bir aver akar tiiriidiir, gesitli meyve
agaclari, calimsi bitkilerde tespit edilmistir (Swirski ve Amitai, 1982, Cobanoglu 1991, Alaoglu 1996, Tsolakis ve
ark. 2000, Cobanoglu 2004, Kasap ve ark. 2004, Barbar ve ark. 2005, Kabicek 2008, Yesilayer 2009, Kasap ve
ark. 2013, Kili¢ ve ark., 2019) saptanmistir. Bu avc tiir 6zellikle Eriophyidae, Tarsenomidae ve Tenuipalpidae
kolonileriyle birlikte bulunmaktadir (Cobanoglu 2004).

Euseius finlandicus Oudemans, 1965

Incelenen materyal: Akgaagac (Acer sp.) 7(%), at kestanesi (desculus hippocastanum) 2 (2 Q) 04.07.2011, siis
erigi (Prunus cerasifera) 1(%), ¢inar (Platanus orientalis) 1(9) 06.07.201 1, at kestanesi (Adesculus hippocastanum)
1(?) 08.07.2011, puro agaci (Catalpa bignonioides) 2(9) 12.07.2011 (40°59'34.08"K 27°35'2.03"D); puro agact
(Catalpa bignonioides) 5(?) 12.07.2011 (40°59'24.24"K 27°36'20.13"D); at kestanesi (desculus hippocastanum)
14 (Q) 433) 14.07.2011, 40°59'1.14"K 27°34'3.82"D); cmnar (Platanus orientalis) 1(%), 14.07.2011
(40°58'45.52"K 27°31'25.46"D); disbudak (Fraxinus excelsior) 1(Q), akasya (Robinia pseudoecaccia) 1(%)
14.07.2011, agag¢ hatmi (Hibiscus syriacus) 2(9) 18.07.2012, disbudak (Fraxinus excelsior) 1(%), giil (Rosa
gallica) 2(Q) 19.07.2011 (40°59'8.10"K 27°34'37.26"D); acem borusu (Campsis radicans) 1(%), begonya
(Begonia semperflorens) 1(Q), ¢inar (Platanus orientalis ) 1(2), 09.09.2012 (40°58'37.84"K 27°31'4.16"D); defne
(Laurus nobilis ) 2(Q) 15.07.2011 (40°58'42.65"K 27°32'1.49"D); aga¢ hatmi (Hibiscus syriacus) 1(%), disbudak
(Fraxinus excelsior) 2(9 ) 1(3), siis elmas1 (Malus floribunda) 1(9) 23.09.2011, asma (Clematis vitalba) 1(%)
26.04.2012, ceviz (Juglans regia) 1(9) 03.05.2012, 1(9) 29.05.2012 (40°59'37.59"K 27°34'50.12"D)

Konukgular1 ve dagilimi: ilk olarak Orta Anadolu, Marmara ve Karadeniz Bolgesinde (Swirski ve Amitai,
1982, Diizgiines ve Kilic 1983, Sekeroglu 1984) saptanmis, daha sonra gesitli bolgelerde elma, findik, armut,
turunggil ve asmalarda (Cobanoglu 1989, Yanar ve Ecevit, 2005), Tekirdag, Kirklareli ve Edirne illerinde pek ¢ok
bitkide fitofag akarlarla birlikte bulundugu bildirilmis (Cobanoglu, 2004), akcaagacta (Yesilayer 2009), sert
cekirdekli meyve agaclarinda da tespit edilmistir (Erdogan 2013, Kili¢ ve ark. 2019).
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Diger bazi konukgulari; Acer sp., Aesculus hippocastanum, Campanula sp., Citrus spp., Convolvulus sp.,
Cornus mas, C.avellana, Crataegus sp., C. oblonga, Elaeagnus sp., Eriobotrya japonica, Ficus carica, Fragaria
vesca, J. regia, M. communis, Malus floribunda, Morus alba, Platanus sp., Prunus armeniaca, Prunus avium,
Prunus cerasus, P. domestica, P.persica, Punica sp., P.communis, Rhamnus sp., Ribes sp., Rosa sp., Salix sp.,
S.ebulus, Tilia platyphyllos, Ulmus campestris, Ulmus sp.,Viburnum opulus, Vitis vinifera (Alaoglu, 1996,
Cobanoglu 1991, 1993a, 2004, Incekulak and Ecevit 2002, Kasap ve Cobanoglu, 2009, Kumral ve Kovanci, 2007,
Ozman ve Cobanoglu, 2001, Faraji ve ark, 2011).

Akarin Adana, Amasya, Ankara, Antalya, Bitlis, Burdur, Bursa, Edirne, Erzincan, Erzurum, Gilimiishane,
Hakkari, "Icel, Isparta, Istanbul, Izmir, Kastamonu, Kirklareli, Konya, Manisa, Nevsehir, Nigde, Tokat, Van Gélii
cevresi, Yalova illerinde de bulundugu bildirilmektedir (Faraji ve ark, 2011).

Phytoseius finitimus Ribaga, 1904

Incelenen materyal: Puro agac1 (Catalpa bignonioides) 1 (9) 04.07.2011, 2 (Q) kivi (Actinidia chinensis)
12(29) 1(3) 11.07.2011, thlamur (Tilia tomentosa ) 1 (9) 12.07.2011, asma (Clematis vitalba) 1(Q), siis elmasi
(Malus floribunda) 1(9) 13.07.2011 (40°59'24.24"K 27°36'20.13"D); disbudak (Fraxinus excelsior) 2($ ?) 1 nimf,
40°58'56.06"K 27 ©33'59.23"D); giil (Rosa gallica) 1(?), acem borusu (Campsis radicans) 12(929) 1(3)
19.07.2011, ates Dikeni (Pyracantha coccinea) 17(?) 6(33) 26.05.2012, Akgaagag (Acer sp.) 42 9) 6(33)
16.09.2012 (40°59'8.10"K  27°34'37.26"D); asma (Clematis vitalba) 6(9%) 1(3) 1 nimf 26.04.2012
(40°59'37.59"K 27°34'50.12"D)

Konukgulart ve dagilimi: Bu tiir Amerika, Kuzey ve Orta Avrupa ile Akdeniz iilkelerinde gesitli konukcularda
(Jeppson ve ark. 1975), Ankara’da elma (Cobanoglu 2004), Hakkari’de giilde (Kasap ve Cobanoglu 2009),
Istanbul’da giirgen ve servide (Yesilayer, 2009), Tekirdag’da erik, visne ve kiraz (Kili¢ ve ark. 2019), Ordu’da
erik, kiraz ve seftali agaclarinda (Altung ve Akyazi, 2019), Diyarbakir’da 26 konukg¢uda (Miroglu ve Cikman,
2022) tespit edilmistir.

Akarin bulundugu diger konukcu bitki tiirlerinden bazilar1 Clematis vitalba, C.mas, C.avellana, C.vulgaris,
F.carica, M.communis, Morus nigra, Prunus communis, P.domestica, Prunus spinosa, S.melongena, Ulmus
campestris, Vitis vinifera gibi bitkilerdir (Faraji ve ark., 2011).

Adana, Adapazari, Amasya, Antalya, Amasya, Aydin, Bolu, Burdur, Bursa, Canakkale, Erzincan, Giresun,
Gilimiishane, Igel, Isparta, Izmir, Kastamonu, Konya, Mugla, Nigde, Rize, Tekirdag, Tokat illerinde Alaoglu
(1996), Cakmak ve Aksit (2003), Cobanoglu (1989a, b, 1991, 1991-1992), Diizgiines ve Kili¢ (1983), Genger ve
ark., (2002), Goven ve ark., 1999, Incekulak ve Ecevit (2002), Kasap ve Cobanoglu (2009), Kumral ve Kovanci
(2007), Ozman ve Cobanoglu (2001),,Sekeroglu (1984) tarafindan da tespit edilmistir.

Typhlodromus athiasea Porath and Swirski, 1965

Incelenen materyal: Akgaagag (Acer sp) 1(Q) 04.07.2011, maz1 (Biota orientalis) 2(2 Q) 1(3) 07.07.2011,
(40°5924.24"K 27°36'20.13"D); goknar (Abies sp) 1(Q), siis elmast (Malus floribunda) 1(Q) 13.07.2011
(40°58'35.08"K 27°30'55.56"D); mazi (Biota orientalis) 1(%) 04.08.2012 (40°59'37.59"K 27°34'50.12"D); maz1
(Biota orientalis) 3(?), kopek tiztimii (Solanum nigrum) 3(Q) (40°58'37.84"K 27°31'4.16"D)

Konukgular1 ve dagilimi: ilk olarak McMurty (1977) tarafindan Antalya’da turunggillerde saptanmustir.
Istanbul yesil alanlarinda Phytoseiid akarlar arasinda en yaygin tiir olarak ve 10 farkli konuk¢uda kaydedilmistir
(Yesilayer ve Cobanoglu 2009).

Ayrica Adana, Antalya, Aydin, Bursa, ‘Igel, ‘Izmir, Manisa, Mugla illerinde, Citrus spp., C.oblonga,
F.ananassa, M.communis, O.europaea, Pinus sp., P avium, P.domestica, P.persica, P.communis, V.vinifera. gibi
konukcularda gesitli arastirmacilar tarafindan varligi bildirilmistir (Cakmak ve ark., 2003), Cobanoglu, 1989b),
Goven ve ark., 1999, Kumral ve Kovanci, 2007), Kumral ve ark., 2010, Madanlar, 1991, Sekeroglu (1984), Faraji
ve ark., 2011).

Amblyseius andersoni Chant 1957
Incelenen materyal: Puro agac1 (Catalpa bignonioides) 1(9) 12.07.2011 (40°59'37.59"K 27°34'50.12"D).
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Konukgulart ve dagilimi: A.andersoni ilk olarak Marmara, Karadeniz, Akdeniz Bdlgelerinde saptanmis
(Sekeroglu, 1984, Cobanoglu 1989, 1991, 1992) Eriophyes sp. ve Panonychus ulmi ile de beraber tespit edilmistir
(Cobanoglu 1993a), Tekirdag, Edirne, Kirklareli illerinde kayin, findik, ceviz, Convolvulus, miirver gibi bitkilerde
(Cobanoglu 2004), Bartin’da Pinus nigra’da (Bayram and Cobanoglu (2007) kartopu ve giirgende (Yesilayer ve
Cobanoglu 2009), visne, seftali, erik, kiraz, kayis1 ve mahlepte (Erdogan 2013) rastlanilmigtir.

Diger konukgular1 Citrus spp., Convolvulus sp., Cydonia oblonga, Fagus orientalis, Fragaria ananassa,
Lycopersicum esculentum, Malus communis, Populus canadensis, Prunus sp., Pyracantha sp., Pyrus communis,
Rubus idaeus, Solanum nigrum, Tilia tirleri olup Adana, Adapazari, Antalya, Bolu, Bursa, Giresun, Hatay, Rize,
Sakarya, Trabzon illerinde de tespit edilmistir (Faraji ve ark, 2011).

Paraseiulus triporus Chant and Yoshida-Shaul, 1982
Incelenen materyal: Dut (Morus nigra) 1(9) 23.09.2011 (40°59'37.59"K 27°34'50.12"D)

Konukgular1 ve dagilimi: Ulkemizde ilk kez Tekirdag’da ayva ve kizilcikta, Edirne’de ayva ve elmada kayit
edilmistir (Cobanoglu 2004), Bursa’da erik ve seftalide, Sivas’ta armut ve elmada, Tokat’ta erik, visne ve kiraz
yapraklarinda bulunmustur (Kumral 2005, Ozsayin 2012, Erdogan 2013).

Bursa, Edirne, Tekirdag, Van illerinde C.vulgaris, M.communis, P.avium, P.domestica, P.persica’da
saptandig bildirilmektedir (Kasap ve Cobanoglu, 2007, Kumral ve Kovanci, 2007, Faraji ve ark, 2011).

Paraseiulus soleiger (Ribaga 1904)
Incelenen materyal: At kestanesi (Adesculus hippocastanum) 1(9) 14.07.2011 (40°59'1.14"K 27°34' 3.82"D).

Konukgulart ve dagilimi: Bursa’da Ulmus tiirlerinde (Cobanoglu 2004), yine Bursa’da erik ve seftalide
(Kumral 2005), Tokat’ta erik, visne ve mahlepte (Erdogan 2013), Erzurum’da Salix tiirlerinde tespit edilmistir
(Cobanoglu ve ark, 2020).

Akar ayrica Adana, Ankara, Amasya, Burdur, Erzincan, Erzurum, Glimiishane, Isparta, Istanbul, Kastamonu,
Konya, Manisa, Nevsehir, Nigde, Tekirdag, Van Golii gevresinde tespit edilmistir (Faraji ve ark., 2011).

Familya: Ascidae

Ascidae familyas1 predator olarak toprak, bitki, kiiltiir mantarlar1 ve depolanmis tiriinlerde bulubur. Bazi tiirleri
nematodlar tizerinde predatdr olarak belirlenmistir (Cobanoglu 2001).

Blattisocius tarsalis Berlese, 1918

Incelenen materyal: Puro agac1 (Catalpa bignonioides) 1(9) 12.07.2011 ve siis elmas1 (Malus floribunda) 1(%)
13.07.2011 (40°59'24.24"K 27°36"20.13"D) tespit edilmistir

Konukgular1 ve dagilimi: Bu tiire Istanbul’da kara ¢amda da rastlanmistir (Yesilayer ve Cobanoglu 2009).
Familya: Acaridae

Bu familya diinya {izerine yayilmis oldukg¢a genis bir familyadir ve 400 den fazla tiir igerir (Hughes, 1976)
Tyrophagus putrescentiae Schrank, 1781

Incelenen materyal: Thlamur (Tilia tomentosa) 1(9) 04.07.2011, dis budak (Fraxinus excelsior) 1(%)
23.09.2011 (40°59'34.08"K 27°35'2.03"D); asma (Clematis vitalba) 1(Q) 07.07.2011 (40°59'24.24"K
27°36'20.13"D); giil (Rosa gallica) 1(Q) 14.07.2011 (40°58'42.76"K 27°30'41.46"D)

Konukgulart ve dagilimi: Ulkemizde ilk olarak kuru incirlerde kayit edilmis, [zmir, Malatya, Elazig ve
Tekirdag illerinde un ve undan mamiil iiriinler ve kuru meyvelerde saptanmustir (Ozer ve ark. 1986, Cobanoglu
2008, Kilic ve Toros 2000). Depolanmis iiriinler disinda elma, armut, kiraz, ayva, seftali ve erik agaclarinda
(Kumral 2005), siis bitkileri ve ¢ok yillik calims bitkilerde (Yesilayer ve Cobanoglu 2009), elma (Yanar ve Ecevit
2005) seftali, visne, kiraz, kayis1 ve mahlepte tespit edilmistir (Erdogan 2013).
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Familya: Tydeiidae

Tiim diinyada yayilma 6zelligi gosteren ve yosun, liken, bitki yapraklar1 tizerinde, humus, toprak, bitki artiklar
ve depolanmis iiriinlerde bulunan akarlardir (Baker 1965). Kiigiik bocekler ve akarlar ile bunlarin yumurtalariyla
beslenen tiirlerin yani sira bitki, fungus, tatlimsi ve giirimekte olan maddelerle beslenen tiirleri de bulunmaktadir
(Jeppson ve ark. 1975).

Tydeus caudatus Duges, 1834
Incelenen materyal: Disbudak (Fraxinus excelsior) 2(9 Q) (40°58'32.07"K 27°30'59.79"D)

Konukgular1 ve dagilimi: Adana, Izmir ve Trakya’da (Diizgiines 1977, Madanlar 1991, Cobanoglu ve
Kazmierski 1999) tespit edilmistir.

Tydeus californicus Banks, 1904

Incelenen materyal: Disbudak (Fraxinus excelsior) 1(9) 14.07.2011 (40°58'21.42"K 27°30'29.80"D); 1(%)
18.07.2011, 16(2 %) 19.07.2011 (40°58'32.07"K 27°30'59.79"D); Akgaagag (dcer sp.) 4(2%) 02.10.2011, acem
borusu (Campsis radicans) 1(Q) 07.07.2012 (40°58'49.04"K 27°31'48.04"D)

Konukgular1 ve dagilimi: Findik (Akyazi, 2003) ve zeytin bahgelerinde (Kumral ve Kovanci 2004), incir, sogiit,
giirgen ve karaagac (Yesilayer ve Cobanoglu 2009), sert ¢ekirdeklilerde (Kili¢ ve ark. 2019), Salix sp., Malus
cronaria (Cobanoglu ve ark, 2020) iizerinde saptanmistir.

4. Sonug¢

Tekirdag ili merkezinde park, bahgeler ve yesil alanlarda yapilan siirveylerde 29 familyaya ait 47, siis bitkisi
ve ¢ok yillik calims bitkiden 274 adet 6rnek toplamis ve bu 6rneklerin 144 niinde akar tespit edilmistir.

Toplanan bitki 6érneklerinden 631 akar bireyi elde edilmis bu bireylerin 562’si disi, 55’1 erkek ve 14’li nimf
olarak saptanmigtir. Tespit edilen akar populasyonlarinda disi bireyler erkek bireylere oranla oldukga yiiksek
olarak bulunmustur.

Tespit edilen akarlarin 272’si zararli akar faunasina aittir. Zararl tiirler arasinda Tetranychus urticae en sik
goriilen tiir olurken en ¢ok kral agaci ve giilde rastlanmistir. Panonychus ulmi’nin ise sadece 1 bireyi saptanmustir.
Tenuipalpidae familyasindan 7 zararli tiir tespit edilmistir. Ates dikeninde tespit ettigimiz Tenuipalpid akar
tirlerinden C.pennasitesus ve C. irani iilkemize ilk kayit olarak ge¢mistir (Cobanoglu ve ark, 2020).

Phytoseiid akarlarm tespit edildigi ve listelendigi Tekirdag ilindeki tiirleri de kapsayan ayrintili caligmalara
(Cobanoglu, 2004, Faraji ve ark, 2011) ek olarak bizim ¢alismamizda da 6nemli avcr akar tiirleri saptanmustir.
Kampimadromus aberrans (172), Euseius finlandicus (61), Phytoseius finitimus (59) rastlanilan avci akar tiirleridir.
K. aberrans’m, digsbudak, puro agaci, thlamur ve at kestanesi agaglarinda yogun olarak kolonize oldugu
saptanmuigtir.

Arastirmamizda incelenen 47 bitki tiirii arasinda akarlarin en ¢ok tercih ettikleri konukgu bitkiler disbudak
(Fraxinus excelsior), ates dikeni (Pyracontcha coccinea) ve giil (Rosa sp.) olarak saptanmustir.

Bu calisma ile Tekirdag ili merkezindeki park ve yesil alanlarda bulunan agaclar, calimsi bitkiler ve siis
bitkilerinde zararli ve faydali olan akar faunasi hakkinda ayrintili bilgi sahibi olunmus ve tiirlerin konukgular1 ve
en ¢ok tercih ettikleri bitkiler tespit edilmistir. Arastirmada faydali akarlarin dikkat ¢gekici oranda bulunmasi zararl
tiirlerin biyolojik miicadele ile baski altina almabilmesi i¢in umutvar gériinmektedir.

Zararl akarlarm kontroliinde avcr akarlarin populasyonlarmin korunmasi oncelik tagimalidir. Dogadaki
dengenin faydali canlilar lehine cevrilebilmesi bilingsiz ve gereksiz ilag kullanimindan kaginilmasi ile
gerceklestirilebilir. Halka acik yerlerde biyolojik miicadele uygulamalarinin yapilmas: giivenli ve gevreci bir
yaklasimdir. Ayrica siis bitkilerinin yetistirildigi yerlerde akarlarin yurtigi ve yurtdigina transferlerinde karantina
onlemlerine dikkat edilmesi gerekmektedir (Yesilayer ve Cobanoglu 2010).

fleride yapilacak caligmalarda bu caligmada tespit edilen aver tiirler ile zararli tiirler arasindaki iliskilerin
ayrintili olarak arastirilmasina ihtiya¢ duyulmaktadir.
Tesekkiir

Bu ¢alisma Tekirdag Namik Kemal Universitesi tarafindan NKUBAP.00.24.YL.12.06 Nolu Yiiksek Lisans Projesi
olarak desteklenmistir.
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