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Abstract: The fishing and aquaculture industry is one of the most ancient economic activities. Its origins even
predate the Neolithic revolution. It can operate in a wide range of areas from the seashore to inland waters such as
rivers, lakes, ponds, and dams. The aim of this study is to analyze the development of regional industrial
specialization in the fishing and aquaculture industry over the last two decades. In the application part of the study,
the location quotient was used as the statistical technique. The data were compiled from the SGK statistical
yearbooks at NUTS 3 (provinces) level for the years 2007, 2012, 2017 and 2022. Regional industrial specialization
clusters were identified according to the location quotient limit values. The number of provinces in regional industrial
specialization clusters, the number of workers employed, and their weights are reported. To visually identify the
change in regional industrial agglomeration for four five-year periods, a mapping study based on provinces was
carried out on the map of Turkey at NUTS 3 level. The findings show a more than three-fold increase in employment
in the fishing and aquaculture industry over two decades. It was observed that employment in this industry was
predominantly concentrated in the full regional industrial specialization cluster (LQ=3). The mapping study also
concluded that there has been an increase in the agglomeration of the fishing and aquaculture industry from inland
waters to coastal areas over two decades. In summary, a transformation is observed with a significant increase in
industrial activities in the sea instead of industrial activities in inland rivers, lakes, ponds, and dams.

Keywords: Fishing and aquaculture, regional industrial specification, Regional cluster, Location quotient, Labor
economics, Social politics.

Balikgilik ve Su Uriinleri Yetistiriciliginde Bolgesel Endiisriyel Uzmanlagsma
(2007-2022)

Ozet: Balikgilik ve Su Uriinleri Yetistiriciliginde endstrisi en kadim ekonomik faaliyet alanlarindan olup kékenleri
neolitik devrimin 6ncesine dayanmaktadir. Deniz kiyisindan nehir, gol, golet, barajlarin yer aldigi i¢ sulara kadar
genis bir alanda faaliyet gosterilebilir. Bu galismanin amaci, balikgilik ve su Urinleri yetistiriciligi endistrisinde son
yirmi yilda yasanan bdlgesel endiistriyel uzmanlagsma gelisimini analiz etmektir. Calismanin uygulama kisminda
istatistik teknik olarak lokasyon katsayisi kullaniimistir. Veriler SGK istatistik yilliklarindan 2007, 2012, 2017 ve 2022
yillart igin NUTS 3 (iller) dizeyinde derlenmistir. Lokasyon katsayi sinir degerlerine gore bdlgesel endustriyel
uzmanlasma kimeleri tespit edilmistir. Bolgesel endistriyel uzmanlagsma kimelerinde yer alan il sayilari, istihdam
edilen isci sayilari ve agirliklari raporlanmigtir. Beser yillik dért ddnem icin bdlgesel endlstriyel yidilmanin degisimini
gorsel olarak da tespit icin IBBS 3 diizeyinde Tiirkiye haritasinda illere dayal haritalama calismasi gergeklestirildi.
Elde edilen bulgular, fishing and aquaculture endUstrisinde yirmi yilda Ug kati asan istihdam artisini gdstermigtir. Bu
endustride agirhkl olarak tam bdlgesel endustriyel uzmanlagsma kimesinde (LQ23) istihdamin yigildigi gézlendi.
Ayrica haritalama c¢alismasinda da yirmi yilda fishing and aquaculture endustrisinde i¢ sulardan kiyilara dogru
yidiimada artis yasandigi sonucuna ulasimistir. Ozetle i¢ sulardaki nehir, gél, golet, barajlardaki endistriyel
faaliyetler yerine denizde endustriyel faaliyetlerde belirgin artisin yasandigi bir dénlisim gézlenmektedir.
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1. Introduction

Fishing is an ancient activity dating back to before the Neolithic revolution. It is the main activity of the
hunting and gathering period. It maintained its importance after the Neolithic revolution. However, it has started
to lose its former vitality with the increasing urbanization since the Industrial Revolution. With the transition to
the information society, the use of technology in the fishing and aquaculture industry has increased day by day,
just as the agricultural sector has internalized technological advances, but this increase has not allowed for a
general increase in employment. Today, fishing is carried out with vessels using advanced technology
compared to the past. Aquaculture, although not as old as fishing, is an industry with a history of nearly five
thousand years, with origins dating back to 2000 BC. Production started in China and continued in the Roman
period with fish farming in ponds built on the coast. As the 21st century approached, aquaculture has reached
half of the amount supplied by fishing. Especially since the 1980s, the demand for aquaculture products has
gradually increased and new strategies and practices in aquaculture have contributed to the rapid development
of this very old culture (Basginar, 2004).

The fishing and aquaculture industry in Turkey has experienced a rapid acceleration, especially in the
last two decades. The number of workers employed in the industry has more than tripled in just two decades.
In the same period, the overall increase in the number of employed workers was more than doubling. Thus,
employment growth in the fishing and aquaculture industry has been much higher than overall employment
growth in the country. However, the share of workers employed in this industry in the total number of employed
workers does not reach 1/1000. In a country surrounded by seas on three sides, it is expected to have a much
higher weight even if it is not the main economic activity. This situation supports the fact that the employment
potential in the fishing and aquaculture industry is extremely high.

The existence of high potential despite rapid industrial progress was the first motivation for the study.
The second motivation was to raise awareness of the divergence of industrial progress between coastal and
inland areas. The third motivation was to identify whether the regional industrial specialization in the fishing
and aquaculture industry has progressed in developed metropolitan areas or in medium and small cities. Thus,
the aim of the study is to contribute to the literature by analyzing the development of regional industrial
specialization in the fishing and aquaculture industry between 2007 and 2022, which is still a weak industrial
area despite its rapid acceleration in the last two decades.

2. Materials and Methods

The study used the number of workers employed in the fishing and aquaculture industry by province.
Data were collected from SGK statistical yearbooks for four different years (SGK, 2007, 2012, 2017, 2022).
The statistical method used in the applications is the coefficient of location technique. The location quotient is
a well-established analysis technique. This technique was first devised as a "location quotient" by P. Sargent
Florence, and then, it was used for estimating that industrial location in USA by National Resources Planning
Board in 1943 (Mattila, & Thompson, 1955). The location quotient technique is commonly used to analyze the
level of industrial regional agglomeration based on employment data. However, over time, in addition to
analyses based on employment data, analyses based on many different data such as production, income,
wealth, migration, race, and crime types have started to be carried out with the location quotient technique. In
this study, the classical location quotient technique (LQ) was used to analyze regional industrial specialization
based on employment data.

The value of the location quotient is calculated according to the following formulation:

Ei'j/E,
L,n

LQ;; = E]/E (1)

LQ:is the coefficient that gives the specialization value in industry j in province i. Eijstands for the number
of jobs in industry j in province i, Ein stands for total employment in province i, Ej stands for employment in
industry j in the whole country, En stands for total employment in the country (Cift¢i & Ciftgi, 2020).

In studies where the location quotient is used, it is an important issue of debate what the boundaries for
the level of regional industrial specialization should be. The first study prepared to determine the limits that will
determine the level of regional industrial specialization belongs to Miller et al. (1991). In this study, it was stated
that the location quotient value should be at least 0.70 for regional industrial specialization to start, even at a
low level. There are many studies that argue that the location quotient value should be at least 1.25 for regional
industrial specialization to take place, this value should reach 2 for high regional industrial specialization, and
the LQ should take at least 3 for full regional industrial specialization. Based on the literature on the
determination of cut-off values in regional industrial specialization, Ciftci & Ciftci (2020) identified five clusters.
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The five different regional industrial specialization clusters are as follows:
LQ<0.70 => Regional industrial specialization has not started.
0.70<LQ<1.25 => There is low regional industrial specialization.
1.25<L.Q<2 => Regional industrial specialization has started
2<L.Q<3 => There is high regional industrial specialization.

3=LQ => There is full regional industrial specialization.

3. Results

LQ values were between 0 and 30.58 in 2007. While the average was 1.57, the median value among 81
provinces was 0.32. LQ2007 showed a significant decrease compared to the values in the following years
compared to the maximum. LQ2012 decreased to 22.42, LQ2017 decreased to 20.81 and LQ2022 decreased
to 20.55. The value of 0, indicating no industrial activity, remained the minimum value in all four years. LQ
mean values were close to each other, ranging from 1.47 to 1.64. The median value also varied slightly between
0.32 and 0.53. As for the standard deviation and variance values, which are important indicators of the severity
of regional concentration the highest level was observed in 2007. In the following years, there was a decline.
Therefore, the severity of deviation from the mean among provinces decreased after 2007 and the severity of
regional concentration decreased (Table 1).

Table 1. Descriptive Statistics

LON N Minimum  Maximum  Mean Median Std. Deviation ~ Variance
LQ 2007 81 0 30.58 1.57 0.32 3.88 15.08
LQ2012 81 0 22.42 1.64 0.53 3.24 10.50
LQ2017 81 0 20.81 1.47 0.32 3.01 9.05
LQ2022 81 0 20.55 1.60 0.40 3.24 10.51

Valid N (listwise) 81

Provinces formed specialization clusters in five groups according to their LQ values. The number of
provinces defined in the full industrial specialization (LQ=3) cluster was 12 in 2007, 13 in 2012, 11 in 2017 and
14 in 2022. The number of provinces defined in the high industrial specialization (3>LQ=2) cluster was 3 in
2007, 3 in 2012, 5 in 2017 and 2 in 2022. The number of provinces defined in the industrial specialization
(2>LQ=1.25) cluster was 6 in 2007, 11 in 2012, 9 in 2017 and 4 in 2022. There were 11 provinces in 2007, 8
provinces in 2012, 7 provinces in 2017, and 8 provinces in 2022 defined in the cluster of industrial specialization
onset (1.25>LQ=0.7). The number of provinces defined in the cluster of no industrial specialization (0>LQ=0.70)
was 49 in 2007, 46 in 2012, 49 in 2017 and 53 in 2022 (Table 2).

Table 2. Number of provinces by LQ grouping
2007 2012 2017 2022 2007

LQ=3 12 13 11 14




3>LQ=22 3 3 5 2

2>1.Q=21.25 6 11 9 4
1.25>LQ=0.70 11 8 7 8
LQ<0.70 49 46 49 53
Total 81 81 81 81

The number of people employed in industrial specialization clusters increased in line with the overall
increase in employment. The number of employees in provinces defined in the full industrial specialization
(LQ=3) cluster was 3.216 in 2007, 5.134 in 2012, 4.917 in 2017 and 9.089 in 2022. The most significant
increase in the number of people employed in provinces in this cluster was observed between 2017 and 2022.
The number of people employed in provinces defined in the high industrial specialization (3>LQ=2) cluster was
114 in 2007, 472 in 2012, 1.782 in 2017 and 432 in 2022. While the increase in the number of employed in the
provinces in this cluster was around four times between 2007-2012 and 2012-2017, there was a sharp decline
between 2017-2022. Thus, the number of employed in 2022 is below the level in 2012. The number of people
employed in provinces defined in the industrial specialization (2>LQ=1.25) cluster was 251 in 2007, 1626 in
2012, 750 in 2017 and 2.154 in 2022. The volume of employment in this cluster has been volatile over the
years. While it exceeded 6 times between 2007-2012, there was a significant decline between 2012-2017.
Between 2017-2022, there was a near 3-fold increase. The number of employment in provinces defined in the
cluster of the beginning of industrial specialization (1.25>LQ=0.7) was 1.062 in 2007, 782 in 2012, 543 in 2017
and 1.009 in 2022. Thus, while the number of employed people in the provinces in this cluster decreased by
approximately 72 between 2007-2017, it increased by approximately 2-fold to 1,009 between 2017-2022. Thus,
the employment loss between 2007-2017 was recovered between 2027-2022. The number of people employed
in provinces defined in the cluster without industrial specialization (LQ<0.7) was 4.995 in 2007, 8.846 in 2012,
9.062 in 2017 and 15.583 in 2022. Thus, the number of people employed in provinces defined as clusters
without industrial specialization increased steadily over the four periods, with employment growth exceeding
three times between 2007 and 2022. This employment growth stability could not be achieved in the other four
specialization clusters (Table 3).

Table 3. Employment according to LQ classification

2007 2012 2017 2022 2007
LQ=3 3.216 5.136 4917 9.089
3>LQ=2 114 472 1.782 432
2>1.Q=1.25 251 1.626 750 2.154
1.25>LQ=0.70 1.062 782 543 1009
LQ<0.70 352 830 1.070 2.899
Total 4.995 8.846 9.062 15.583

Table 4 shows the percentage distribution of workers employed in the fishing and aquaculture industry
by level of industrial specialization. The weight of those in provinces defined in the full specialization (LQ=3)
cluster peaked at 64.38% in 2007, declined to 58.06% in 2012, continued to decline at 54.26% in 2017, and
increased to 58.33% in 2022. The weight of workers employed in provinces defined in the cluster of high
industrial specialization (3>LQ=2) has fluctuated considerably over the two decades, reaching 2.28% in 2007,
5.34% in 2012; 19.66% in 2017; and 2.77% in 2022. This points to an extremely unstable distribution of
employment. The weight of employed workers in provinces defined within the cluster of industrial specialization
(2>LQ=1.25) also fluctuated. The employment weight was 5.03% in 2007; 18.38% in 2012; 8.28% in 2017; and
13.82% in 2022. The weight of employed workers in provinces defined in the cluster of industrial specialization
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onset (1.25>LQ=0.7) peaked in 2007 with 21.66%. After the peak, it declined to 8.84% in 2012 and 5.99% in
2017. It then rose from the 2017 trough to 6.48% in 2022. There has been a steady increase in the weight of
employed workers in provinces defined in the cluster with no industrial specialization (LQ<0.7). The
employment weight was 7.05% in 2007; 9.38% in 2012; 11.81% in 2017; and 18.60% in 2022.

Table 4. Employment distribution by LQ classification, %

2007 2012 2017 2022 2007
LQ=3 64.38 58.06 54.26 58.33
3>LQ=22 2.28 5.34 19.66 2.77
2>LQ=21.25 5.03 18.38 8.28 13.82
1.25>LQ=20.70 21.26 8.84 5.99 6.48
LQ<0.70 7.05 9.38 11.81 18.60
Total 100.00 100.00 100.00 100.00

The LQ values of 81 provinces were colored according to their LQ ranges in four different maps prepared
for the years 2007, 2012, 2017 and 2022. The first map shows the situation in 2007. The provinces with full
industrial specialization in coastal regions were Sinop in the Western Black Sea Region; Ordu, Trabzon, Rize
and Artvin in the Eastern Black Sea Region; Aydin and Mugla in the Aegean Region; and Yalova in Marmara
Region. Bilecik, Yozgat, Gimushane and Elazi§ stood out in the inland regions. The second map shows the
situation in 2012. The provinces with full industrial specialization in coastal regions were Sinop in the Western
Black Sea Region; Ordu, Trabzon and Rize in the Eastern Black Sea Region; and Aydin and Mugla in the
Aegean Region. Among the coastal provinces, industrial specialization declined in Yalova and Artvin. In the
inland regions, Gimushane and Elazi§ maintained their positions, while Bilecik and Yozgat experienced a
decline in industrial specialization. Burdur, Kayseri and Tunceli joined the inland provinces. The third map
shows provinces by industrial specialization in 2017. Among the provinces with full industrial specialization in
coastal regions, Samsun was added to Sinop in the Western Black Sea Region. In the Eastern Black Sea
Region, Trabzon and Rize remained in place, while Ordu left and Artvin was added. In the Aegean Region,
Aydin and Mugla retained their positions. There are no provinces bordering the Sea of Marmara with a fully
specialized industrial sector. In inland regions, Gimuishane, Elazi§ and Burdur remain, while Kayseri and
Tunceli exit the full industrial specialization cluster and K. Maras is added. The fourth and final map included
the mapping of 81 provinces by industrial specialization in 2022. Among the provinces with full industrial
specialization in coastal regions, Sinop and Samsun in the Western Black Sea Region retained their positions.
In the Eastern Black Sea Region, Ordu and Giresun were added to Trabzon, Rize, and Artvin. Thus, full
specialization in the fishing and aquaculture industry was achieved along the entire Black Sea coast from Sinop
to Artvin. In the Aegean Region, Balikesir was added to Aydin and Mugla. The provinces bordering the
Marmara Sea with full industrial specialization were Yalova and Balikesir, which also border the Aegean Sea.
In the inland regions, Gumugshane and Elazig remained in place, while Burdur and K. Maras left and Tunceli
was added (Figure 1).



Location Quotient (LQ) - 2007 Location Quotient (LQ) - 2012

Figure 1. Appearance of Provinces on the Map of Turkey by Industrial Specialization Levels (2007,
2012, 2017, 2022)

4. Discussion

Generally, regional industrial specialization in the fishing industry is most prominent in island states.
However, in developed countries, even if they are island states, this is weakened by the fact that other industries
are highly developed and regional concentration to achieve industrial specialization is limited. For example,
two studies focusing on the analysis of sectoral regional specialization in Ireland in 2007 found that the fishing
sector reached a location quotient value of 1.44, indicating a level of industrial specialization and clustering in
the BWM region (Morrisey, 2014, 2016). In the Southeast region, the LQ declined to 0.10 (Morriey, &
O'Donoghue, 2013). Average Location Quotient in the Great Lakes Basin Region in Canada for 2016 was as
low as 0.38 in fishing and fish production (Graziano, et al 2019). These levels are well below the level of regional
industrial specialization for many provinces in Turkey.

Fishing was found to be the most concentrated industry with an LQ of 3.25 in the clustering of regional
industrial specialization among the 54 regions in the EU 12 (Mack & Jacobson, 1996), even though it consists
of developed countries with the exceptions of Portugal and Greece. The findings support that the fishing
industry is very important for the EU. Indeed, for the EU country Latvia, regional industrial specialization was
satisfactory for the sector. Industry with the highest cluster potential in Riga, Pieriga and Kurzeme regions of
Latvia's six regions are processing and preserving of fish, crustaceans, and molluscs (Garanti, & Zvirbule-
Berzina, 2014). For another EU country, Poland, Czaplinski (2014) found that regional concentration in the fish
processing industry increased between 1999 and 2011. This was attributed to the increase in investment in
the fish processing industry because of Poland's accession to the EU in 2004. Turkey, which is not a member
of the EU but is in close cooperation with it, also experienced an increase in regional concentration between
2007 and 2022, especially in coastal areas such as the Northern Black Sea coast, while employment tripled,
which is in line with the results of Turkey and Poland. Although this result is obtained in the fish processing
industry in Poland, the existence of an industrial overlap between the two countries is supported as it is
ultimately a fishing-based industry.

It was argued that the fishing industry in Greece, a political, social and economic competitor with Turkey
in many political, social and economic areas, is weakly realized in the North and South Aegean and is not
strong in the economies of the region. To justify this, it was calculated that the LQ value of the industry was
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around 1 and ranked 37th out of 60 sectors (Loizou et al, 2010). However, more recent studies have found
results that support the development of the sector. For example, Komminos et al (2020) found that regional
industrial specialization in the fishing sector (both Marine fishing and Freshwater fishing) was high in all seven
regions for 2016, with LQ ranging from 2.35 to 7.28. These LQ values are quite satisfactory even for the LQ
values in Turkey. It also supports that regional industrial specialization in Greece tends to be concentrated in
the fishing sector on a regional basis, as in Turkey.

In emerging markets, including Turkey, there has been an upward trend in regional industrial
specialization in recent years, as in Turkey. In a study for China, the largest emerging market, Li (2015) showed
that the fishing industry in coastal areas is very strong, with an LQ as high as 6.64. He also pointed out that
while the number of fishermen is declining in many developed countries such as Japan, Norway and the United
Kingdom, while in China the industry is an employment generator like in Turkey. While the number of fishermen
in China increased to 14 million, the number of fishermen in Turkey tripled to more than 15.000 between 2007
and 2022, up from 5.000 in 2007-2022. Liu et al (2022) calculated LQ for fisheries ranged between 0.02 and
3.20 in a total of 232 8-year observations in 29 provinces in China between 2013 and 2020. Although this range
is high, it is much higher for Turkey than for China in all four years 2007, 2012, 2017, 2022 (Table 1).

When the Republic of South Africa is examined as another developing country, there was an increase in
regional specialization in the fisheries sector in Cape Town between 2002 and 2017, exceeding the full
specialization limit of 3 since 2007, while in Nelson Mandela city, this limit reached full specialization in 2017
with a leap compared to five years ago (Niyimbanira et al, 2020). Coleman et al (2019) found that in the regional
specialization classification by sectors in New Zealand in 2013, fisheries were included in the full regional
industrial specialization cluster as the LQ value was 3.06. However, this level is also much higher for Turkey
than for the Republic of South Africa in all four years 2007, 2012, 2017, 2022 (Table 1).

In small settlements, the spatial concentration of fishing can be quite high. In 1978, regional specialization
in fishing in Bay County, Florida was quite high with an LQ value of 3.69 (Fernald et al, 1979). In other resent
study, LQ values for fishing, hunting and trapping reached up to 491 in Kodiak Island Borough, Alaska
(Pominova et al, 2022). The LQ values calculated for Turkey also support this situation. Because the regional
specialization in the fishing sector reaches its peak in the provinces of the Central and Northern Black Sea
Region, where the population and employment volume are weak.

5. Conclusion

The fishing and aquaculture industry is a high-growth industry with employment growth that has more
than tripled in the last two decades. However, it is an industry with a weight that does not even reach 1/1000
of the total employment volume. Therefore, it is clear that this ancient industry has a very high development
potential ahead of it. Rapid technological developments in today's information society seem to have
strengthened this industry rather than weakening it. The increase in sectoral employment is a clear proof of
this situation.

The statistical exercise carried out within the scope of the study supports the existence of a structural
change in the fisheries and seafood production industry. Accordingly, in the twenty-year period between 2007
and 2022, the provinces where regional industrial full specialization has occurred have shifted significantly. It
is concluded that the land-based industrial activities that were carried out in the interior of the country in rivers,
lakes, ponds and dams twenty years ago are now weakening and being replaced by coastal areas. In addition
to the fact that marine fisheries cover most of the Black Sea from Sinop to Artvin, regional industrial
specialization has also been achieved, especially in the Aegean Region, where aquaculture is widespread.
There is also regional industrial full specialization in Marmara, which is an inland sea with the addition of
Balikesir and Yalova. However, full specialization based on inland waters is present in only three provinces.
Therefore, it is clearly seen that there is a rapid development process shaped around coastal fisheries.

Another important result is that regional industrial specialization is observed in provinces with low and
medium populations. In large cities, where high-tech service and industrial sectors have developed, the fishing
and aquaculture industry is not the business sector where regional industrial specialization can be achieved.
This is why it has the potential to be a growth pole, especially for low and medium-population coastal provinces.
The existence of intense interest and support for this sector in the EU, with which Turkey has close relations,
can be considered as an encouraging situation for Turkey. After all, EU countries are also Turkey's largest
international trade partner. In addition, Turkey has access to various loans and grants from the EU. EU
membership has been the driving force behind Poland's sectoral development. Although Turkey is not a
member of the EU, it is a candidate country. This status can be utilized to make an additional contribution to
the development of this industry, which has already achieved high growth momentum and has many more
potential growth areas ahead of it.

In summary, although an ancient economic activity, the fishing and aquaculture industry has become a
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highly developed business sector for developing countries in recent years. The EU, with which we have close
relations, also supports the development of this sector. In addition, coastal fishing is becoming increasingly
important on a global scale. Especially in the economies of low and medium-populated provinces, this sector
is becoming more and more important and supportive of local development. Supporting an industry with such
significant growth and potential for future development that has not yet reached saturation point can lead to
highly successful outcomes.
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Abstract: Benthic fluxes of biogenic compounds play a critical role in the biogeochemistry of shallow aquatic
ecosystems. Measuring these fluxes at the lagoon scale is challenging due to heterogeneous sediment structures
and the combination of diffusion and advective transport processes at the sediment-water interface. In this study,
monthly nutrient flux experiments were conducted in the sediment of izmir Bay Homa Lagoon (Aegean Sea, Turkey).
The flux of reactive silicate (RSi) ranged from 14.6 to 255.24 ugatSi/m# hour, while the ammonium (NH4*) flux varied
between 3.59 and 95.8 pgatN/m?hour. The nitrite (NO2") flux ranged from 0.93 to 13.99 pgatN/m?/hour, and the nitrate
(NOg3) flux varied from 27.76 to 300 pgatN/m?/hour. The flux of reactive phosphorus (RP) ranged from 0.74 to 5.80
ugatP/m?/hour. The research indicated that the RSi flux peaked during the summer months, while the NO3s" flux
occurred in both winter and summer, transferring nutrients from sediment to water and vice versa. It was determined
that the NOz" flux significantly transferred to the sediment, except during the summer months. The RP flux flowed
from sediment to water during the summer, while it was bound to the sediment during mid-winter and autumn. The
NH4* flux showed transitions from sediment to water in winter and from water to sediment in summer. In conclusion,
the fluxes of NOs’, NH4*, and RP indicate that these components are sediment-derived.

Keywords: izmir Bay, Homa Lagoon (Aegean Sea, Tirkiye), Nutrient flux, Pore water, Sediment

Izmir Kérfezi Homa Lagiinii’'nde Sediment ve Sediment Ustii Suda Nutrientler
(Ege Denizi, Tlrkiye)

Ozet: Biyojenik bilesiklerin bentik akislari, si§ su ekosistemlerinin biyojeokimyasinda kritik bir rol oynar. Bentik
akislarin lagiin élgeginde olgllmesi, heterojen sediment yapilari ve sediment su araytziindeki diflizyon ile advektif
tagima sireglerinin birlesimi nedeniyle zordur. Bu galismada, Izmir Kérfezi Homa Dalyan’i (Ege Denizi, Tirkiye)
sedimentinde aylik nutrient akis denemeleri gercgeklestiriimistir. Reaktif silikat (RSi) akisi 14.6 ile 255.24
ugatSi/m?/saat arasinda, amonyum (NHa4*) akisi 3.59 ile 95.8 pgatN/m?/saat arasinda, nitrit (NO2) akis1 0.93 ile 13.99
pgatN/m?#saat arasinda, nitrat (NOs") akisi 27.76 ile 300 pgatN/m?/saat arasinda, reaktif fosfat (RP) akisi 0.74 ile 5.80
pygatP/m?/saat arasinda degisim gostermistir. Arastirma, RSi akisinin yaz aylarinda maksimum seviyeye ulastigini,
NOs akisinin kis ve yaz dénemlerinde hem sedimentten suya hem de sudan sedimente gergeklestigini ortaya
koymustur. NO2z™ akiginin yaz diginda 6nemli 6lglide sedimente gectigi belirlenmistir. RP, yaz aylarinda sedimentten
suya gecerken, kis ortasi ve sonbaharda sedimente baglanmistir. NH4*, kis aylarinda hem sedimentten suya hem de
sudan sedimente akis yaparken yaz aylarinda sudan sedimente akis gdstermektedir. Sonug olarak NO3s", NHs* ve
RP'nin sedimentten su kolonuna dogru akisi, bu bilesenlerin sediment kokenli oldugunu gostermektedir.
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1. Introduction

Over recent decades, the interplay of economic growth and rising population numbers, coupled with the
rapid expansion of agriculture and industry in neighboring countries has resulted in increased discharges of
fertilizers and wastewater into rivers and coastal waters. A significant portion of these nutrients ultimately
deposits in the sediment layers (Grenz et al., 2010; Zhang et al., 2013; Jin et al., 2009; Lin et al., 2005). At the
same time, inorganic nutrients (inorganic nitrogen, PO42 and SiOs present in sediments can migrate into the
overlying water, re-entering the euphotic zone, which is vital for sustaining nutrient balance and facilitating
primary production in the water column. Increased nutrient loads can stimulate higher rates of algal growth and
the accumulation of labile organic matter in surface sediments. Under these conditions, elevated mineralization
rates can occur, modifying biogeochemical processes and promoting reactions that lead to the release of
significant amounts of inorganic nutrients into the water column (Berelson et al., 1998). Therefore, sediments
function not only as a major reservoir but also as a crucial source of nutrients, fulfilling an important
environmental role (Zhang et al., 2013; Chelsky et al., 2016; Kim et al., 2016). Low concentrations or no oxygen
at all in pore water and near-bottom water can result from currents not supplying sediment with enough
dissolved oxygen to support degradation processes. This condition may result in the release of phosphates
and ammonia stored in the sediment (Ingall & Jahnke, 1997; Duce et al., 2008). The release of phosphorus
linked to reducible iron oxide phases contributes to increased benthic phosphorus fluxes (Ingall & Jahnke,
1997). Anoxic conditions obstruct denitrification which in turn diminishes the removal of nitrogen from aquatic
systems in the form of dinitrogen gas (Jantti & Hietanen, 2012). In oxygen-depleted environments, nitrate can
undergo reduction to ammonium through the process of dissimilatory nitrate reduction (Jgrgensen, 1989). This
phenomenon exacerbates the 'vicious cycle' of eutrophication as nitrogen and phosphorus are recycled into
bioavailable forms (Aller & Benninger, 1981; Conley et al., 2002; Diaz & Rosenberg, 2008). The flux of biogenic
compounds from benthic environments is essential to understanding the biogeochemical processes occurring
in shallow aquatic systems. Measuring these fluxes at the scale of a lagoon is complex particularly due to the
heterogeneity of sediments and the interplay of diffusive and advective transport mechanisms at the sediment
water interface. Nutrient fluxes from the benthic zone emerge from concentration gradients that exist between
the pore waters in surface sediments and the water column. Increased export production and sediment
degradation processes cause NH4*, PO43, and Si to build because of the discrepancy between the greater
solute concentration in the top most sediment layer and the concentrations in the bottom water. Diffusive fluxes
result from this (Aller & Benninger, 1981). Water advection can also be produced by benthic creature activity
(Aller, 1982). The crucial role of species identity and their ecological characteristics in the cycling of
biogeochemical elements and the exchange of solutes at the sediment-water interface which has important
implications for the ecological dynamics of overexploited regions (Alvarez et al., 2018; Kendzierska et al.,
2020;). The Homa Lagoon serves as a crucial ecological and economic resource and stands as the only active
lagoon within the izmir Bay, situated in the Eastern Aegean Sea. It is one of nine lagoons found in the
Mediterranean region of Western Anatolia, with a total area of around 1.424 hectares and is one of five lagoons
located in izmir Bay, alongside Cakalburnu, Calibasi, Kirdeniz and Ragippasa. Among these lagoons, Homa
Lagoon is distinguished by its extensive biodiversity and size. This lagoon features both freshwater and
saltwater ecosystems, offering habitats for a variety of avian species, plant life, and aquatic organisms (Somay
& Filiz, 2003). Its importance is amplified by its role in providing optimal nutrition, shelter and nesting sites for
numerous species with differing habitat preferences. Furthermore, it regularly accommodates about 207
species of seabirds (Siki, 2002). The Homa Lagoon is impacted by the Gediz River, which suffers from
significant pollution resulting from agricultural runoff, industrial effluents and domestic sewage originating from
the surrounding region (Uluturhan et al., 2011). This lagoon does not receive direct inputs from wastewater
treatment facilities; however, the agricultural practices along the Gediz River have a notable effect on the
lagoon's ecosystem. Fertilizers utilized in farming are transported to the lagoon, especially during rainy periods,
via the Gediz River's mouth, the sea and various non-point sources (Minareci et al., 2009). The combination of
sedimentation from the Gediz River and inadequate freshwater inflow has led to severe shallowing of the Homa
Lagoon. In 2014, the izmir Metropolitan Municipality initiated projects aimed at deepening the lagoon and
enhancing water circulation (Uluturhan et al., 2011). The aim of this study is to assess the contribution of
sediment derived nutrients within the Homa Lagoon.

2. Materials and Methods
2.1. Description of Study Area
The research area under consideration is Homa Lagoon, located at coordinates 38° 33’ 10’N and

26°49'50"E, approximately 25 kilometers to the northwest of the Gulf of izmir, within the administrative
boundaries of Menemen (Fig.1). This lagoon covers an area of 1.800 hectares and features a beach that
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stretches about 11 kilometers in length. The input of freshwater to the lagoon is significantly limited and there
is a drainage canal that is occasionally opened to facilitate water flow into the lagoon. The lagoon's average
depth is recorded at 0.75 meters during the wet season when water levels are elevated and 0.5 meters during
the dry season when water levels recede. The lagoon is experiencing a rapid decrease in depth, attributed
to seasonal fluctuations in the hydrological cycle and sediment runoff from adjacent agricultural areas
(Sisman Aydin & Simsek, 2015; Tosunoglu et al., 2015).
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Figure 1. Topographic map of the Homa Lagoon and the location of water and
sediment sampling

The lagoon is recognized as one of the ten most productive lagoons in the Eastern Aegean Sea and
serves as the only active fish trap in izmir Bay. It is located in close proximity to Turkey's most significant salt
pan and the izmir Bird Paradise. Both Homa Lagoon and Gediz Delta have been designated as protected
wetlands under the RAMSAR and Bern Conventions, highlighting their importance in terms of biodiversity and
conservation efforts (Ermert, 2003; Parlak et al., 2006). The Lagoon area is interconnected with izmir Bay at
various points through channels that facilitate water exchange. It consists of two sections: the Homa Lagoon
(the main channel) and the Kirdeniz Lagoon (the smaller channel). The smaller channel has become shallower
due to the sediment carried by the Gediz River, resulting in a loss of its channel characteristics. In the larger
channel section selected for study, the maximum depth is 80 cm, while the average depth ranges from 40 to
45 cm. The Homa Lagoon is adversely affected by the organic and inorganic pollution loads from the Gediz
River, which is one of the significant rivers in the Aegean Region, as well as from izmir Bay.

2.2.Sampling and Analysis

Sediment samples were systematically collected on a monthly basis from a designated station at the
lagoon's sea connected point, which constitutes the focal area of this study from January 2006 to December
2006. Notably, sampling was not feasible in March due to unfavorable weather conditions. The sediment was
extracted using a gravity corer, featuring a core barrel with an inner diameter of 4.7 cm. The apparatus was
secured at both ends, ensuring that the samples remained undisturbed during transportation to the laboratory,
where they were kept upright in a plastic container at a temperature of 0°C. To make it easier to recover
sediment layers, the core samples were divided into 4 cm slices in the lab using a tool that had a plastic
bordered plate and a piston that was in line with the core pipe. A 10 ml injector, modified by cutting off its tip,
was utilized to collect sediment samples of uniform volume by inserting it directly into the sediment matrix. The
assessment of chlorophyll degradation products within the sediment was conducted in accordance with
Lorenzen (1971).
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2.2.1. Sediment Pore Water Parameters

A pore water extraction device was applied to the first 10 cm of sediment that was taken from a different
core sample taken at the same spot. A two-layer GF/C filter paper was used to filter the sediment's pore water
under pressure, producing a clean 50 ml liquid. The methods developed by Strickland & Parsons (1972) were
used to assess the concentrations of nutrients (NH4*, NO3s-, NO2", PO42 and SiO>).

2.2.2. Water Column Parameters

At the sample station, measurements were made of temperature, salinity, dissolved oxygen, and the
percentage of dissolved oxygen saturation. Salinity was calculated using Harvey's argentometric technique
(Martin, 1972). The concentration of dissolved oxygen was measured using the Winkler method, while the
saturation level of oxygen was calculated using the equations established by Benson & Krause (1984). This
approach ensures accurate assessment of oxygen levels in the study area. Monthly water samples were
collected vertically from the surface to the bottom at this station. Nutrient analyses were conducted in
accordance with the procedures outlined by Strickland & Parsons (1972), utilizing the Hach Model DR-4000
spectrophotometer for accurate measurements.

2.2.3. Benthic Flux Incubations

In order to maintain consistent thermal conditions, the core samples were incubated at in situ bottom
water temperatures. A hose attached to the core was used to introduce bottom water, which increased the
volume of the sediment to 200 milliliters. The trials were conducted over a 24 hour period in order to minimize
any potential variations in flux levels brought on by the oxygenation of the water covering the sand. Water
samples taken from the surface using a siphon at the start and end of a day served as the basis for the
measurements. To prevent upsetting the top layer of silt, the water above it was carefully blended. GF/C filter
paper was used to filter about 100 milliliters of the resultant sample. A Milipore HA 0.45 pum filter paper was
used for silicate analysis. Following the procedures outlined by Strickland & Parsons (1972), the amounts of
ammonium, nitrite, nitrate, silicate and phosphate in the filtered samples which had been diluted with distilled
water were examined. Aller & Benninger's (1981) equations served as the foundation for the computations.

J :Vt (Ct - Co)/tA

where J=nutrient flux rate (umol/m2day), A=core surface area, Vi=the water volume on the surface of the
core at the time of t, Ci=the solute concentration at the time of t, Co=the solute concentration at the onset of the
experiment, t=sampling day (onset of the experiment is considered as 0).

3. Results and Discussion
3.1.Sediment Solid Phase Parameters

The composition of sediments in cores collected at the depths of 4, 8, 12,16 and 20 cm of the sampling
station. Sediment composition indicating that a single mode was identified at certain depths, but not at others.
The minimum and maximum levels of the dry and wet mud densities were found to be 1.80-2.90 and 1.18-
1.62 g/ml, respectively. The estimated porosity of the sediment is 74%. Since the pore water was obtained
from the 10 cm core sample the diffusive fluxes were not able to be calculated however its direction was
determined. The observation that the vertical distribution of organic carbon did not show variability in the core
samples collected from different months. The monthly variations of organic carbon in the dynamic surface
sediment ranged from 1.07-3.39 %.

3.2. The Spatio-Temporal Distribution of the Water Column Parameters
It is deduced from the water column's spatiotemporal salinity variations shows a significant increase in
August and November (40%o0) (Fig. 2a). This increase is attributed to evaporation resulting from the lack of

water extraction from Tuzla's inlet. In April and May, rainfall causes the salinity to drop below 30%o.
Additionally, there is a marked increase in temperature from June to October (Fig. 2b).
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Figure 2. The spatio-temporal distribution of salinity (a) and temperature (b) at the station at Homa
Lagoon surface water

Salinity was correlated with the distribution of dissolved oxygen (DO) levels and dissolved oxygen
saturation percentage. A significant increase in temperature which began in June, led to noticeable decreases
in dissolved oxygen concentrations in August and September (Fig. 3 a,b). This situation indicates the presence
of heterotrophic activity in the environment. Although saturation concentrations decreased with the rise in
temperature, the reduction in saturation percentage must be related to the respiration of aquatic animals. The
increase in temperature in July correlates with the decrease in saturation. In August and September, the
maximum temperatures reached in surface waters also resulted in reduced oxygen solubility. Therefore, the
saturation percentage should have approached 100%. However, the drop in saturation to levels between 60-
70% may be attributed to the respiration of the developing fish population and other aquatic organisms within
the environment (Kristensen & Kostka, 2005; Timmermann et al., 2006).
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Figure 3. The spatio-temporal distribution of dissolved oxygen concentration (a) and percent oxygen
saturation (b) at Homa Lagoon surface water

There is a maximum increase in reactive phosphorus (RP) in February and July (Fig. 4a). When

examining the temporal variations of reactive silica (RSi), a maximum increase is observed in July. Additionally,
there is a second maximum in silica in September (Fig. 4b).
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Figure 4. The spatio-temporal distribution of the phosphorus (a) and reactive silicate (b) concentrations
at Homa Lagoon surface water

When examining the temporal changes of NHs*, NO2, and NOs, it is observed that during January,
February and April, they exhibit parallel distributions at low temperatures. In May, a maximum of NOz" is
observed, followed by a maximum of NOs in July (Fig. 5a,b). In the autumn months, the increase in NH4* is
followed by increases in NO2 and NOs- (Fig. 6a). This indicates that nitrification continues in the shallow lagoon
water as well.
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Figure 5. The spatio-temporal distribution of nitrite (a) and nitrate (b) concentrations at Homa Lagoon
surface water

The maximum increases in Chlorophyll-a observed in July and December correspond with high
concentrations of PO43, RSi and NOz"in July, reflecting the impact of nutrients on primary production (Fig. 6b).
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Figure 6. The spatio-temporal distribution of ammonium (a) concentrations and Chlorophyll-a
concentrations (b) at Homa Lagoon surface water
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In February, a decrease of 0.2 in pH was observed and in November, a significant decrease of 0.9 in pH
was noted indicating respiratory activities (Fig. 7). Indeed, the reduced Chlorophyll-a concentrations in
November also suggest heterotrophic activity.
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Figure 7. The spatio-temporal distribution of pH at Homa Lagoon surface water
3.3. Nutrient Fluxes in Sediment

Temporal changes in nutrient flux are illustrated in Fig. 8. Nitrate fluxes from water to sediment were
recorded at 3.07 uygNm~=—2day* in January and 2.96 uygNm-2day™! in February, respectively (Fig. 8a). Nitrate flux
from sediment to water persisted from April to December, exhibiting minimum and maximum values of 1.08
pugNm~2day~ in December and 5.19 uygNm~2day~? in July, respectively. Nitrite flux from sediment to water was
observed from January to July. The maximum and minimum values were recorded in July and May, with
measurements of 13.8 and 2.44 ygNm~2day1, respectively (Fig. 8b). Nitrite fluxes from water to sediment were
measured at 1.38 uygNm=2day~! in August and 1.08 uygNm=2day~! in December. Ammonium flux from water to
sediment was recorded at 3.27 uygNm=2day! in January and 2.62 uygNm-2day! in February (Fig. 8c). From
April to December, a flux of ammonium from sediment to water was observed. The flux from sediment to water
showed maximum and minimum values of 10.53 ygNm=2day* in April and 1.02 ygNm-—day™! in December,
respectively. In January, the RP flux from water to sediment was measured at 1.01 pgatPm=2day~* while in
February, it was 0.62 pgatPm-2day™ (Fig. 8d). The flux from sediment to water ranged from 4.84
pgatPm=2day in April to 0.23 ugatPm=2day in July. The silicate flux was observed in January and February,
showing values of 0.8 ygatSim=2day~! and 1.82 pugatSim~2day™?, respectively for the water to sediment direction
(Fig. 8e). The silicate flux from sediment to water continued from April through December with maximum and
minimum values recorded in April (10.4 ugatSim=2day') and July (3.7 ugatSim=2day1), respectively.
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Figure 8. The monthly variation of NO3z (a), NO2'(b), NH4*(c), PO43(d) and Si (e) obtained from core
incubations at Homa Lagoon surface sediment

3.4. Solute-Temporal Variations in Bottom and Pore Waters

Between January and July, the concentrations of ammonium in pore water varied, reaching a minimum
of 10.52 pgatN/l and a maximum of 27.74 pgatN/l. The ammonium concentrations in bottom water varied more
than those in pore water, ranging from 19.2 to 48.7 ugatN/l between January and July, respectively (Fig. 9a).
Bottom water nitrate concentrations fluctuated from 6.27 pgatN/l in January to 12.05 pgatN/l in December.
Notably, the minimum concentration was recorded at 4.78 pgatN/l in December, while the maximum reached
13.21 pgatN/l in June (Fig. 9d). Pore water nitrite concentrations ranged from 5.75 pgatN/l in January to 32.93
pgatN/l in December. In contrast, bottom water nitrite concentrations varied from 7.32 pgatN/l in January to
31.87 pg atN/l in December (Fig. 9e). Bottom water reactive phosphate (RP) concentrations ranged from 4.94
pgatP/l in January to 23.78 ugatP/l in December. Meanwhile, pore water RP concentrations increased from a
minimum of 4.02 pgatP/l in January to a maximum of 24.13 pgatP/l in August. Notably, there was a consistent
rise in RP concentrations from January to August (Fig. 9b). Pore water silicate concentrations varied from a
minimum of 5.92 ugatSi/l in February to a maximum of 22.83 pgatSi/l in July. In comparison, bottom water
silicate values ranged from 6.12 pgatSi/l in February to 22.16 pgatSi/l in December (Fig. 9¢). Between January
and December, silicate concentrations exhibited a general upward trend in both bottom water and pore water.
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Figure 9. The monthly variations of bottom water NH4* (a), RP (b), RSi (c), NOs (d) and NO2(e)
concentrations at Homa Lagoon surface sediment

The concentrations of bottom water NH4* show high variability from late winter until June, rapidly
decreasing during the summer months and remaining below pore water levels until December. The significant
decline in bottom water NH4* concentrations in July and August can be explained by the relative increase in
phytoplankton uptake, as evidenced by elevated Chlorophyll-a concentrations. In other words, the formation of
bottom water NH4* concentrations below pore water levels can be attributed to microalgal uptake. The flow of
NH4* from water to sediment in January is contrary to diffusive flow. This flow can be explained by benthic
microalgal uptake (BMA) and/or the adsorption to clay minerals. The sediment to water flow in February,
contrary to diffusive flow can be explained by the degradation of a past algal bloom. In June, both the diffusive
flow and incubation flow are in the same direction, indicating both diffusion and absorption by clay minerals.
The incubation flow obtained in September, consistent with diffusion represents diffusive flow. The
concentrations of bottom water and pore water in October, which are nearly identical, indicate the absence of
diffusive flow; however, it can be explained by the benthic microalgae uptake (BMA) and the involvement of
clay minerals. In November, pore waters contain higher NH4* concentrations than bottom waters, and the flow
obtained from core incubation is identical to the diffusive flow. In addition to diffusive flow. Degradation of the
sediment surface layer may potentially contribute NH4* to the water column. The concentrations of NH4* in
surface water are noteworthy, exceeding 80 ugatN/l levels in May and June. Salinity is at its lowest values
indicating that the outflow of water is associated with NH4* from non point sources during rainfall. This
concentration rapidly decreases from May reaching zero by September. This decline is influenced by the influx
of water into the bay in June and the contributions of chlorophyll maximum and nitrification (the nitrification of
NH4* to NO2) in July. The turbidity caused by frequent mixing of the water column due to winds should also
have an effect on the continuation of nitrification. This process proves to be particularly effective in shallow
water environments (Fagherazzi et al., 2007, 2013; Ganju et al., 2005, 2013; Carniello et al., 2005). The
ammonium (NH4*) fluxes, which can reach a maximum of 7000 uygN/m?/day, align with the low flux values
documented for salt marshes (Barbanti et al., 1995; Essonni, 1998; Hyacinthe et al., 2001). Furthermore, these
fluxes are lower than those reported by Ozkan et al. (2008) for izmir Bay and by Bonometto et al. (2019) for
salt marshes, yet they are comparable to the values presented by Mna et al. (2022). The presence of negative
values in NH4* flux suggests that the nitrification of ammonium in the upper sediment layer is a critical process
in wetland ecosystems. In terms of nitrate (NO3’) concentrations, both bottom water and pore water exhibit no
diffusive fluxes in January, while incubation fluxes are significantly high and directed from sediment to water.
This phenomenon can be attributed to the nitrification process converting nitrite (NO2") to nitrate (NOz"). Notably,
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the influx of NO2 into the sediment is also considerably elevated. From April to June, diffusive fluxes occur
from sediment to water. Conversely, incubation fluxes are directed from water to sediment and tend to be
higher during the summer months. It can be concluded that the nitrification-denitrification process functions
optimally in June. The concentrations of nitrate (NOs") in the bottom water showed small increases in February,
May and July, followed by a significant increase in September and October. The pore water NOs- values
exhibited an upward trend throughout the year, except for July. In September and October, the diffusive flow
is directed from water to sediment. In September, the incubation flow is reversed, indicating the dominance of
nitrification. In October, the flow is aligned with the diffusive direction, suggesting both diffusion and nitrification-
denitrification processes. Indeed, the high concentrations of nitrite (NO2") in pore water from late summer to
December indicate that nitrification is progressing. The surface water concentrations of NOs- exhibit two
notable maxima: one during the months of April, May and June and another in December. The high values
observed in April and May are attributed to terrestrial inputs while the peak in June is influenced by nitrification.
These concentrations decline in July coinciding with an increase in Chlorophyll-a. The increase in December
can be explained by inputs from both sediment and terrestrial sources due to rainfall. The estimated fluxes
indicate that nitrates are produced below the sediment-water interface. This finding aligns with the processes
of NOs- production or consumption occurring in sediments, which globally results in NOs- production in oxic
sediments and consumption in less oxygenated sediments (Belias et al., 2007; Rigaud et al., 2013). In January,
the fluxes of NOs can reach a maximum value of 40.000 ugN/m?/day which is higher than the value reported
by Mna et al. (2022). At the sampling station, which has a sediment structure similar to that of a saline marsh
channel (%27 coarse material), the NOs flux in September was close to the value reported by Murray et al.
(2006). However, the maximum value of 40.000 ugN/m?#day in January is ten times higher, indicating that
nitrification is significantly more effective in the Ancao basin. Pore water NO2- concentrations are generally
high in bottom waters, except in April. Diffusive flows should be directed from the sediment to the water.
However, all incubation flows are directed from the water to the sediment, suggesting that this nutrient is
significantly converted to NOz™ through nitrification in the sediment. There has been a significant decrease in
bottom water values in July, which is also reflected in pore water. During this month, characterized by high
temperatures, it may indicate nitrification along with denitrification and/or increased Chlorophyll-a
concentrations. While pore water values continue to rise from August onwards, bottom water values approach
zero from September to November. In December, there is again an increase in bottom water concentrations,
approaching those of pore water. The surface water concentrations of NO2 remain below 10 ugatN/I
throughout the year with the maximum value detected in May indicating the presence of NO2 from terrestrial
regions due to rainfall. Bottom water RP concentrations show an increase in May, June and December while
they are low in other months. Pore water concentrations rise from 4.02 pgatRP/I in January to 24.13 pgatRP/I
in August. The sediment of Homa Lagoon has been found to be an effective phosphate trap. The values in the
water continuously contribute to pore water. Incubation experiments indicate that, despite the RP flows not
being purely diffusive there is evidence of benthic microalgae uptake (BMA) and potential incorporation into
the sediment through binding with FeOOH (ferrihydrite) from January onwards (Blomqvist et al., 2004). From
February to June, the incubation flows are consistent with diffusive flows, suggesting that the diffusive flow can
explain the incubation flow. Additionally, the decomposition of benthic detritus may also contribute to the
sediment. In September, the diffusive flow is directed from the sediment to the water. However, the incubation
flow is directed from the water to the sediment and can be explained by benthic microalgae uptake (BMA) or
binding to FeOOH. Ferric oxyhydroxides found in sediments interact with phosphate (PO43). Under anaerobic
conditions, these compounds release dissolved iron (Fe*?), causing phosphate to enter the water. When Fe+2
comes into contact with oxygenated water, it precipitates again as ferric oxyhydroxide (FeOOH) and adheres
to particulate matter, dispersing between sediment and overlying water. This process plays an important role
in nutrient cycles and sediment chemistry (Aller & Benninger, 1981). In October, the reverse direction of the
incubation flow with diffusive flow may also be related to benthic microalgae uptake (BMA) and binding to
FeOOH, similar to September. The concentrations of RP in surface water remain low throughout the year (<
2.8 ygatRP/l), with increases in February attributed to flow from the sediment. It can also be stated that the
increases observed in December, May and June originate from the sediment. The concentrations of RP in
surface water are transported to the sediment through adsorption onto FeOOH and clay minerals. The
consistently low levels detected throughout the year support this. The low flow rates of the RP are consistent
with the sediment particle structure provided by Moraes et al. (2023), which contains 27-30% clay and the
measured values are three times lower for saline wetlands. In this process, the coastal structure of the
particulate material may also be significant. The concentrations of reactive silica (RSi) in the bottom water are
nearly identical to the pore water concentrations from late autumn to early spring (including winter months).
Starting from June and continuing until late autumn, two significant increases in bottom water RSi
concentrations are evident (in July and September). In contrast, pore waters have shown relatively smaller
variations, ranging from 5.92 pgatSi/l to 22.83 ugatSi/l. Since the RSi in pore water is influenced solely by
factors affecting the solubility of particulate silica, it is noteworthy that the frequent decrease in pore waters
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obtained from sediments at the end of incubation experiments indicates that the very high silica concentrations
in bottom water (for example, in September) suggest that RSi flow has significantly completed, and therefore,
the experimental flow is quite low. The relatively lower bottom water value in August compared to July and
September indicates that the RSi flow has not yet been completed. Indeed, RSi flow reaches its highest value.
In silicate flows, the core incubation flow in January is the same as the diffusive flow. Except for November, the
diffusive flow is directed from water to sediment during all months, while core incubations are directed from
sediment to water from February to November. The disintegration of diatom skeletons in the sediments top
layer is what causes the contrast with diffusive flow. However, the diffusive flow is redirected from sediment to
water in November. Conversely, the incubation flow is directed from water to sediment, reflecting benthic
microalgae uptake. In surface waters, RP and RSi concentrations are higher and are consistent with the
increases observed in bottom waters during June, July and October. The relatively high RSi values in surface
waters may be attributed to water entering from the izmir Bay, the RSi flow from sediment and terrestrial
sources. At the same time, nutrients released from the oxidation of organic matter at the sediment-water
interface can provide a substantial fraction (5-22%) of the nitrogen and phosphate requirements essential for
primary production in lagoons. This underscores the critical role of sedimentary nutrient dynamics in supporting
the productivity of these aquatic ecosystems. (Lourey et al., 2001; Denis and Grenz, 2003, Kim et al., 2020).
During core incubations, phosphate and silicate fluxes were oriented towards the sediment. This could be
related to the photosynthetic processes of the microphytobenthos at the sediment water interface. The values
given for Si fluxes are consistent with those reported by Ozkan et al. (2008) and Charbonnier et al. (2023).
However, the value of 10.000 pgatSi/m?/day reported by Aller and Benninger (1981) for 20 °C is smaller than
the measured value of 35.000 ugatSi/m?/day at 28 °C in August. Recent research advocates for the adoption
of ecosystem based strategies aimed at minimizing both external and internal nutrient inflows, thereby fostering
sustainable biogeochemical processes. Such strategies may encompass aeration, modifications to
hydrological patterns (enhanced circulation), the removal of degraded sediments (through dredging) and
focused restoration of habitats and shorelines (Harris et al., 2015; Fox & Trefry, 2018; Fox & Trefry, 2023; Ma
et al., 2022a,b). These globally employed techniques also present themselves as a promising approach for
the Homa Lagoon (izmir Bay), which is characterized by elevated nutrient levels.

4. Conclusion

Nutrient flux across the sediment-water interface has been assessed for Homa Lagoon with the following
findings:

The nutrients evaluated were ammonium (NH4*), nitrate (NOz") + nitrite (NOz’), reactive phosphate (RP) and
reactive silicate (RSi). The flux of these nutrients exhibited significant variability across different months.

The flux values recorded were NH4* ranging from 3.59 to 95.8 pgatN/m?#hour, NO2" from 27.76 to 300
pgatN/m?/hour, RP from 0.74 to 5.80 pygatP/m?#/hour, and RSi from 14.6 to 255.24 ugatSi/m?/hour. These values
reflect the general observation that NH4* was released from sediments while NO2" was taken up by the water,
although the net flux of dissolved inorganic nitrogen was out of the sediments. In contrast, RP tended towards
a steady-state condition. RSi flux generally occurred from sediment to water. Overall, the flux determined in
this study was at the high end of the range when compared to other studies. Additionally, it was identified that
nitrification and denitrification processes are significant for Homa Lagoon.

Ecosystem-based approaches necessitate the reduction of both external and internal nutrient loads to promote
biogeochemical processes in Homa Lagoon.
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Abstract: Increasing natural events and human activities in the last century led to the release of an excessive amount of
inorganic and organic pollutants into the environment and natural ecosystems. One of the most important pollutants disrupting
the balance between living organisms in the ecosystem is metals. Heavy metals, in particular, are transported to the top levels
of the food chain and cause harm to the living organisms. Therefore, among the pollutants, heavy metals have a specific
ecological importance. Heavy metals are carcinogenic and, due to their bioaccumulative, non-degradable, and refractory
characteristics, they pose serious health risks to living systems and the environment. Pinus pinaster (Pp), Cupressus arizonica
(Cpa), Picea orientalis (Po), Cedrus atlantica (Cda) and Pseudotsuga menziesii (Pm) species were examined in the present
study. Changes in Ge concentrations in these species by directions and organs in the periods 1988-1992 and 2013-2017 were
determined. As a result of the study, the lowest Ge concentration was found in the west in the Pb (872.8) and the highest one
in the north in the Cpa (6367.5). The present study revealed that Ge accumulation in the plant species analyzed here is at a
considerably high level. These results suggest that Ge pollution in the air is very high.

Keywords: Germanium, Cedrus atlantica, Pinus pinaster, Heavy Metals

Bazi igne Yaprakl Tiirlerde Uzun Yillar Boyunca Ge Konsantrasyonunun Degisimi

Ozet: Son yiizyilda artan doga olaylari ve insan faaliyetleri, agiri miktarda inorganik ve organik kirleticinin gevreye ve dogal
ekosistemlere salinmasina neden olmustur. Ekosistemde canli organizmalar arasindaki dengeyi bozan en &nemli
kirleticilerden biri metallerdir. Ozellikle agir metaller besin zincirinin en st basamaklarina taginarak canli organizmalara zarar
vermektedir. Bu nedenle kirleticiler arasinda agir metallerin 6zel bir ekolojik 6nemi vardir. Agir metaller kanserojendir ve
biyoakumdilatif, pargalanmayan ve direncli 6zellikleri nedeniyle canl sistemleri ve ¢evre icin ciddi saglik riskleri olustururlar. Bu
g¢alismada Pinus pinaster (Pp), Cupressus arizonica (Cpa), Picea orientalis (Po), Cedrus atlantica (Cda) ve Pseudotsuga
menziesii (Pm) tirleri incelenmigtir. Bu tirlerdeki Ge konsantrasyonlarinin 1988-1992 ve 2013-2017 dénemlerinde yonlere ve
organlara gore degisimleri belirlenmistir. Calisma sonucunda en diisiik Ge konsantrasyonu batida Pb'de (872,8) ve en yiksek
Ge konsantrasyonu kuzeyde Cpa'da (6367,5) bulunmustur. Mevcut ¢alisma burada analiz edilen bitki tirlerinde Ge birikiminin
oldukca yuksek seviyede oldugunu ortaya koymustur. Bu sonuglar havadaki Ge kirliliginin ¢ok yuksek oldugunu
gOstermektedir.
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1. Introduction

In the last century, environmental pollution caused by anthropogenic factors such as industrial activities,
transportation, and mining operations became a global problem influencing all ecosystems (Isinkaralar et al., 2024;
Bayraktar et al., 2024). Air pollution, in particular, became a problem that threatens people's health, comfort, peace,
and happiness and causes approximately 7 million deaths and 4 million premature births worldwide annually (Isinkaralar
et al.,2022; Key et al.,2022). It is estimated that approximately 99% of people live in polluted areas nowadays (WHO,
2024). Furthermore, it is also stated that air pollution is a major cause of global climate change (Cobanoglu et al., 2023;
Aricak et al., 2024; Erturk et al., 2024).

Heavy metals are considered the most threatening air pollution components from the aspect of human health
since many of them can be toxic, carcinogenic, and lethal to humans even at low concentrations. Moreover, heavy
metals can persist in the environment for a long time with no degradation and heavy metal concentrations in nature are
in constant increase (Isinkaralar et al., 2023; Sevik et al., 2024; Glltekin et al., 2025). Due to their importance for human
health, numerous studies were carried out on different heavy metals including Pb, Zn, Cr, Cu, Cd, and Al (Istanbullu et
al.,2023; Ozturk Pulatoglu et al., 2025; Kog et al., 2025). Recently, because of the importance of the subject, heavy
metals such as As (Yasar Ismail et al., 2024), Pd (Sevik et al., 2024), Sb (Canturk et al., 2024), Se (Sevik et al., 2024)
and Bi (Isinkaralar et al., 2023)., which have not been extensively studied before, became the research subjects.

One of the elements that did not receive much attention in previous studies is Germanium (Ge). With an atomic
weight of 72.59, an atomic number of 32, and a density of 5.32 (25°C) in its basic form, Ge is a metalloid, which has
both metallic and non-metallic characteristics and is gray-white and brittle (Nordberg et al., 2005). Exposure to excessive
amounts or prolonged exposure to Ge was reported to have toxicological effects on and damage to the kidneys, nervous
system, and lungs. Acute Ge poisoning can cause depression, hypothermia, cyanosis of the skin, edema, and changes
in the parenchymal cells of the liver, kidneys, or other organs (Li et al.,2017). Excessive exposure to Ge typically results
in nephropathy, neuropathy, and hepatotoxicity, and can cause respiratory failure at lethal doses (Keith and Maples-
Reynolds, 2022). Ge toxicity was also reported to cause weight loss, fatigue, gastrointestinal disorders (nausea,
vomiting, and anorexia), anemia, muscle weakness, and renal failure, affecting skeletal and cardiac muscles, peripheral
and central nervous systems, bone marrow, and the liver. Myopathy, neuropathy (severe axonal degeneration, sensory
disturbance, and cerebellar ataxia), and vomiting were reported (Tao and Bolger, 1997). Therefore, monitoring the
changes in Ge concentrations in the air and reducing their concentrations are particularly important because heavy
metals pose even greater health risks when they are inhaled (Ghoma et al.,2023).

2. Materials and Methods

The materials used in the present study were obtained from the city center of Diizce province. Diizce province is
located in the Western Black Sea region of Tlrkiye and, according to the 2021 World Air Pollution Report, it is one of
the top 5 cities having the dirtiest air in Europe (Koc et al.,2024). Within the scope of this study, the log samples having
approx. 10 cm thickness were taken at 50 cm height from the main stems of Pinus pinaster (Pp), Cupressus arizonica
(Cpa), Picea orientalis (Po), Cedrus atlantica (Cda) and Pseudotsuga menziesii (Pm) species at the end of 2022 by
labeling the north. The log samples were grouped into five-year intervals considering the annual ring widths and the
specimens were taken from the outer bark, inner bark, and wood in each age range by using a steel drill. The present
study was carried out in triplicate. The samples taken in the form of shavings were then placed in glass Petri dishes and
left to dry for 15 days to have them air-dried. Then, they were dried at 45°C in a drying oven. 0.5 g of the samples were
taken and added with 6 ml of 65% HNO3 and 2 ml of 30% H202. Then, they were placed in a microwave oven designed
for these analyses. The solutions that became liquid were transferred to volumetric flasks and filled up to 50 ml by using
ultra-pure water. The samples prepared were then analyzed by making use of an ICP-OES device and the results
obtained were multiplied by the dilution factor to calculate the Ge concentrations. The method used in this study has
been frequently used in recent studies carried out on this subject (Erdem et al., 2023a,b; Cobanoglu et al., 2023).

The data obtained were analyzed using the SPSS package program and the Duncan test was conducted for
factors with significant differences with a minimum of 95% confidence level (P<0.05) in the Variance analysis. The data
obtained were interpreted by simplifying and tabularizing. Thus, the changes in Ge concentration by species, direction,
organ, and year range were separately determined and evaluated.

3. Results

The changes in Ge concentration by species and direction and the statistical analysis results are given in Table

Table 1. Variation of Ge concentration on the basis of species and direction

Species North East South East Mean
Pp 4851,4 ab 4385,1 3809,1 872,8 a 3937,8
Cpa 6367,5¢c 4075,0 3528,1 4683,8 bc 4697,0
Po 4473,2 a 6131,2 3233,8 15445 a 4127,5
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Cda 5686,7 bc 3424,0 3531,8 5240,9 c 4359,3
Pm 4441,0 a 3763,5 3199,3 3689,8 b 3791,8
F 5,0** 2,0ns 0,4 ns 15,3*** 1,7 ns

*Significant at 0.05 level; **significant at 0.01 level; ***significant at 0.001 level ns not significant

Given the results of the variance analysis, the changes in Ge concentration by species were not statistically
significant in directions other than north and west. The highest value in the north was found in the Cpa and the lowest
one inthe Po and Pm. In the west, the lowest value was found in Pp and Po and the highest value in Cda. It is remarkable
that, considering the Duncan test results, the values found in Cpa and Cda were in the last group in both directions.
The change in Ge concentration by species and organ is given in Table 2.

Table 2. Variation of Ge concentration on the basis of species and organs

Species DK IK Wood Mean
Pp 39912 a 4039,8 3909,6 3909,6
Cpa 6849,7 b 7043,5 4157,1 4157,1
Po 4791,8 ab 4840,8 3907,3 3907,3
Cda 3825,2 a 5703,9 4229,6 4229,6
Pm 67649 b 5222,3 31923 31923
F 3,7* 1,5 2,1 2,1

*Significant at 0.05 level; **significant at 0.01 level; ***significant at 0.001 level ns not significant

As seen in table, it was revealed that the changes in Ge concentration by species were not statistically significant
in all organs except for the outer bark. The highest value in the outer bark is observed in the Cpa and Pm species, while
the lowest value is obtained in the Pp and Cda species. The change in Ge concentration by period and direction is given
in Table 3.

Table 3. Change of Ge concentration by period and direction

Year North East South West F Mean

gg%g 5359,2B 2336,6 A 2369,7 Aab 2453,3 Aab 14,2%** 3524,7
2813 4051,8 3845,7 3775,3 bed 22179 ab 1,1ns 3778,1
gggg 4092,4 B 4041,9B 3348,0 Babcd 1554,7 Aa 5,5** 3573,3
3883 4008,0 B 3208,2 AB 2883,5 ABabcd 2160,6 Aab 3,1* 32247
;ggg 4547,3 7169,5 2674,5 abc 2747,5 ab 2,4ns 4556,0
igg? 4781,0B 3940,6 B 4257,7 Bd 1491,5 Aa 8,27+ 3978,8
iggg 4678,8 3738,1 4095,9 cd 5790,2 ¢ 1,9 ns 4420,7
1823 5071,7 C 3840,1 B 2273,7 Aa 3822,8 Bb 12,7%*%* 3830,6
F 19ns 2,0ns 2,7* 5,1%** 1,6 ns

Uppercase letters show horizontal direction, whereas lowercase letters indicate vertical directions
*Significant at 0.05 level, **significant at 0.01 level, ***significant at 0.001 level ns not significant

Considering the results presented in table, it was found that the changes in Ge concentration by direction were
statistically significant in all periods except for 1988-1992, 1998-2002, and 2013-2017. The change in Ge concentration
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by period was not statistically significant in directions except for the south and west. The highest value in the south was
obtained in the period 1993-1997 and the lowest one in the period 1983-1987. The highest value in the west is
determined in the period of 1988-1992. The change in Ge concentration by organ and direction is given in Table 4.

Table 4. Change of Ge concentration by organ and direction

Organ North East South West F Mean
DK 7841,8 Bb 6308,1 B 4255,6 Aa 2767,7 Aa 19,0+ 5180,5b
IK 7207,8 Bb 41324 A 4243,0 Aa 5096,9 ABb 3,6* 5285,3 b
oD 4573,8 Ba 4143,0 B 3209,1 Aa 2817,3 Aa 9,2%** 3666,4 a
F 32,6%** 15ns 3,6* 7,3** 11,7%**
Mean 5164,0C 4308,8 B 34510 A 3263,3 A 14,5%+*

Uppercase letters show horizontal direction, whereas lowercase letters indicate vertical directions
*Significant at 0.05 level, **significant at 0.01 level, ***significant at 0.001 level ns not significant

As seen in Table, the changes in Ge concentration by direction were statistically significant in all organs and the
changes by organ were statistically significant in all directions except for the east. The highest value in the north was
observed in the outer and inner barks, whereas the lowest one was found in the wood. The lowest value in the west
was found in the outer bark and wood and the highest one in the inner bark. It was determined that the highest mean
value was in the north and the lowest one in the south and west. The change in Ge concentration by organ and direction
in Pp is given in Table 5.

Table 5. Change of Ge concentration in Pp by organ and direction

Organ North East South West F Value Mean
DK 7024,6 Bb 6614,4 Bb 1191,2 Aa 1134,6 Ab 135,3*** 3991,2
IK 5035,6 Bab 4853,3 Ba 5142,5Bb 1127,6 Ab 254,0%* 4039,8
oD 4556,8 Ba 3999,7 Ba 4066,0 Bb 614,4 Aa 17,3%* 3909,6
F Degeri 3,9* 12, 1% 13,4%+* 72,4%%% 0,0 ns
Mean 4851,4 C 4385,1 BC 3809,1 B 872,8 A 26,5%**

Uppercase letters show horizontal direction, whereas lowercase letters indicate vertical directions
*Significant at 0.05 level, **significant at 0.01 level, ***significant at 0.001 level ns not significant

As indicated by the variance analysis results, the change in Ge concentration by direction in Pp was statistically
significant in all organs and the changes by organ were statistically significant in all directions. The highest value in the
outer bark was observed in the north and east and the lowest one in the south and west. The lowest values in the inner
bark and wood were obtained in the west, whereas the highest value was observed in the north, south, and east.
Examining the mean values, the highest mean value was obtained in the north and the lowest one in the west. The
changes in Ge concentration by period and direction in Pp are given in Table 6.

Table 6. Variation of Ge concentration in Pp in woods by period and direction

Year North East South West F Value Mean
2018-2022  5335,9 Bbc 2366,0 Aa LA LA 94,0%* 3850,9
2013-2017 1971,2 Aa 4936,4 Bd LA LA 891,4%*+ 3453,8
2008-2012  2398,0 Aa 4931,0 Cd 3817,7 Bb LA 38,6%** 3715,5
2003-2007  4468,0 Bb 4692,1 Bd 4696,4 Bbc 545,6 A AT 4rxx 3600,5
1998-2002 5456,4 Cbc  3260,1 Ab 4508,5 Bbc LA 9,2+ 4408,3
1993-1997 5554,2 Cc 3962,0 Bc 5050,4 Bc 683,2 A 40,8+ 3812,5
1988-1992 6032,9 Bc LA 2257,1 Aa LA 247,3%** 4145,0
1983-1987 5237,8 bc 3850,4 bc LA LA 18,2* 45441
F Degeri 23,5+ 19,3%+* 12,6% 327,9%%+ 0,4 ns
Mean 4556,8 B 3999,7B 4066,0 B 614,4 A 17,3%**

Uppercase letters show horizontal direction, whereas lowercase letters indicate vertical directions
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*Significant at 0.05 level, **significant at 0.01 level, ***significant at 0.001 level ns not significant

Given the results presented in table, it was found that the changes in Ge concentration in all trees were statistically
significant in terms of direction and the changes by period were statistically significant in all periods. The lowest value
was obtained in the periods 2008-2012 and 2013-2017 for the north, in the period after 2018 for the east, and in the
period 1988-1992 for the south. The lowest mean value was observed in the west, whereas the highest one was found
in the north, south, and east. Moreover, the changes in Ge concentration were found to be lower than the detectable
limits in the period of 1988-1992 for the east, in the periods 1983-1987, 2013-2017, and 2018-2022 for the south, and
in all periods other than 1993-1997 and 2003-2007 for the west. The changes in Ge concentration by organ and direction
in Cpa are shown in Table 7.

Table 7. Change of Ge concentration in Cpa by organ and direction

Organ North East South West F Value Mean
DK 8339,0 Cb LA 7136,7 Bb 5073,3 Ab 32,7% 6849,7 b
IK 9376,1 Bc LA 3408,5 Aa 8346,1 Bc 114,0%+* 7043,5b
oD 5745,0 Ca 4075,0 B 3092,0 Ba 632,0 Aa 34, 7%** 4157,1a
F Value 126,6*** 14,0%** 297,8*+* 17, 4%
Mean 6367,5B 4075,0 A 3528,1 A 4683,8 A 14,7%*

Uppercase letters show horizontal direction, whereas lowercase letters indicate vertical directions
*Significant at 0.05 level, **significant at 0.01 level, ***significant at 0.001 level ns not significant

As seen in table, the changes in Ge concentration in Cpa by direction were statistically significant in all organs
and the changes by organ were statistically significant in all directions. For the north and west, the lowest concentration
was found in the wood, followed by outer bark and inner bark, respectively. The highest concentration in the south was
observed in the outer bark and the lowest ones in the inner bark and wood. Examining the mean values, the highest
mean value was found in the north and the lowest ones in the east, south, and west. In the east, the change in Ge
concentration was found to be lower than the detectable limits in the outer and inner barks. The changes in Ge
concentration by period and direction in Cpa are presented in Table 8.

Table 8. Change of Ge concentration in Cpa in woods by period and direction

Year North East South West F Value Mean
2018-2022 6126,4 Cc 1947,8 Ba 993,4 Aa LA 146,6%** 3022,5 a
2013-2017 5540,4Bab  4058,6 Acd  4264,5 Ae LA 75,8%%* 4621,2 abc
2008-2012 5770,1 Aabc  5705,5 Ae 5262,2 Af LA 3,7ns 5579,2 ¢
2003-2007 5253,8 Ba 28474 Aab 26481 Acd LA 11,6* 3583,1 ab
1998-2002 6061,8 Dbc  5069,2 Cde  2382,2Bbc  632,0A 585,4%** 3536,3 ab
1993-1997 5663,5 Cabc  4829,9 Bde  4326,7 Ae LA 25,6%* 4940,0 bc
1988-1992 5562,2 Cabc  4967,0 Bde  2141,2 Ab LA 920,9%+* 4223,5 abc
1983-1987 5981,8Bbc 31750 Abc  2717,7 Ad LA 45, 7% 3958,1 ab
F Value 3,1* 17,0%% 241,3%** 2,6

Mean 5745,0 C 4075,0 B 3092,0 B 632,0 A 34, 7%%

Uppercase letters show horizontal direction, whereas lowercase letters indicate vertical directions
*Significant at 0.05 level, **significant at 0.01 level, ***significant at 0.001 level ns not significant

As shown in table, the changes in Ge concentration in Cpa by direction were statistically significant in all periods,
except for the period 2008-2012, and so were the changes by periods in all directions. The highest value in the north
was observed after the year 2018 and the highest values in the east and south were observed in the period 2008-2012.
Besides that, the highest mean value was observed in the period 2008-2012 and the lowest one was observed after the
year 2018. In addition, the lowest mean value by direction was obtained in the west and the highest one in the north.
The changes in Ge concentration were lower than the detectable limits in all periods, except for the period 1998-2002
in the west. The changes in Ge concentration by organ and direction in Po are given in Table 9.
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Table 9. Change of Ge concentration in Po by organ and direction

ORGAN North East South West F Value Mean
DK 8464,4 Cb LA 3517,5 Ba 2393,6 Ab 616,9*** 4791,8 a
IK 7003,8 Bb 3031,8 A 6714,1 Bb 2613,6 Ac 99,9*** 4840,8 a
oD 3658,0 ABa 6647,7 B 2606,4 Aa 585,4 Aa 4,1* 3907,3 a
F Value 26,8*** 0,5ns 12,8*** 710,5%** 0,3 ns
Mean 4473,2 BC 6131,2C 3233,8 AB 15445 A 3,8*

Uppercase letters show horizontal direction, whereas lowercase letters indicate vertical directions
*Significant at 0.05 level, **significant at 0.01 level, ***significant at 0.001 level ns not significant

Given the variance analysis results presented in table, the changes in Ge concentration in Po by direction were
found to be statistically significant in all organs and the changes by organ were statistically significant in all directions,
except for the east. The highest value in the north was found in the outer and inner barks and the highest one in the
south was obtained in the inner bark. In the west, the lowest concentration was found in the wood, followed by outer
bark and inner bark, respectively. Considering the mean values, the lowest mean value was found in the west and the
highest one in the east. Moreover, the change in Ge concentration was below the detectable limits in the outer bark in
the east. The changes in Ge concentration by period and direction in Po are presented in Table 10.

Table 10. Variation of Ge concentration in woods in Po by period and direction

Year North East South West F Value Mean
2018-2022 5339,8 Bc LA 5306,2 Be 571,0 A 145,0%** 3739,0 ab
2013-2017 2320,7 a LA 2251,9 b LA 1,6 ns 2286,3 a
2008-2012 2737,3Ba 4884,8 Ca 2550,6 Bed 599,9 A 377,9% 2693,1 ab
2003-2007  2483,9 Aa 3844,0 Ba 2381,7 Abc LA 254,0%** 2903,2 ab
1998-2002  4285,8 Ab 16742,8 Aa  2588,6 Ad LA 1,5ns 7872,4 b
1993-1997  4871,5 bc 4926,7 a LA LA 0,0 ns 4899,1 ab
1988-1992 21789a 6423,6 a LA LA 21199,0%** 4301,3 ab
1983-1987  5046,0 Cc 3064,7 Ba 559,8 Aa LA 79,6%** 2890,1 ab
F Value 35,2%** 1,3ns 748,0%** 0,2 ns 1,3ns
Mean 3658,0 AB 6647,7 B 2606,4 A 585,4 A 4,1*

Uppercase letters show horizontal direction, whereas lowercase letters indicate vertical directions
*Significant at 0.05 level, **significant at 0.01 level, ***significant at 0.001 level ns not significant

Given the results presented in table, it was determined that the changes in Ge concentration in Po woods by
direction were statistically significant in all periods except for 1993-1997, 1998-2002, and 2013-2017. On the other
hand, the changes by period were found to not be statistically significant in directions other than the north and south.
The highest value in the north was found in the periods 1983-1987, 1993-1997, and after 2018, whereas the lowest
value in the east was determined in the period 1983-1987. The lowest mean value was found in the south and west and
the highest mean value in the east. In addition, the changes in Ge concentration were below the detectable limits in the
periods 2013-2017 and 2018-2022 for the east, in the periods 1988-1992 and 1993-1997 for the south, and in all periods
except for the periods 2008-2012 and 2018-2022 for the west. The changes in Ge concentration in Cda by organ and
direction are shown in Table 11.

Table 11. Change of Ge concentration in Cda by organ and direction

Organ North East South West F Value Mean
DK 6888,2 Ch 4255,4 Ba 1786,4 Aa 2370,8 Aa 68,5%** 3825,2a
IK 7681,0 Cc 4512,2 Ba 3252,9 Aa 7369,5 Cc 326,0*** 57039 b
oD 5287,2 Ba 3184,1 Aa 3821,0 Aa 5611,6 Bb 11,5 4229,6 a
F Value 37,6%** 1,8ns 1,6 ns 159,3%** 4,2*
Mean 5686,7 B 3424,0 A 3531,8 A 5240,9 B 15,4%*
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Given the results achieved, the changes in Ge concentration by direction were found to be statistically significant
in all organs. On the other hand, the changes in Ge concentration by organ were not statistically significant in directions
except for the north and west. The lowest concentration was found in wood, followed by outer bark and inner bark,
respectively, for the north, whereas the lowest concentration was found in the outer bark, followed by wood and inner
bark, respectively, for the west. The highest values in the inner bark and wood were seen in the north and west, whereas
the one in the outer bark was obtained in the north. Considering the mean values, the highest mean value was observed
in the north and west and the lowest ones in the east and south. The changes in Ge concentration by period and
direction in Cda are presented in Table 12.

Table 12. Variation of Ge concentration in Cda in woods by period and direction

Year North East South West F Value Mean
2018-2022 5049,4Cab  2696,0B e 809,4 Aa LA 154,9%** 2851,6 a
2013-2017 5111,0Bab  2542,1 Ad 6362,0 Cd LA 59,0%** 4671,7 b
2008-2012 46412 a 2356,7 C LA LA 166,1* 3498,9 ab
2003-2007 6116,4 Bc 2210,6 Ab 2415,8 Ab LA 105,5%** 3580,9 ab
1998-2002 5172,5Bab  6090,4 Cg 2124,8 Ab LA 558, 1% 4462,6 ab
1993-1997 5512,5Bb 2043,9 Aa 5975,5 Bd LA 85,0%** 4510,6 ab
1988-1992  5442,3 Cb 2262,8 Abc  4721,8 Bc 6007,2 C 66,3*** 4608,5 b
1983-1987 5252,7B b 5270,2B f 4337,5 Ac 5216,0 B 31,1%%* 5019,1 b
F value 6,3* 1372, 7% 53,1%%* 87,5 2,0ns
Mean 5686,7 B 3424,0 A 3531,8 A 5240,9 B 15, 4%+

As seen in table, the changes in Ge concentration in Cda woods by direction were statistically significant in all
periods and the changes by period were statistically significant in all directions. The highest concentration in the north
was obtained in the period 2003-2007, whereas the highest one in the east was obtained in the period 1998-2002 and
the highest one in the south in the periods 1993-1997 and 2013-2017. Considering the mean concentrations, the highest
mean value was found in the north and west, while the lowest one was seen in the east and south. In addition, the
changes in Ge concentration were determined to be lower than the detectable limits in the period of 2008-2012 in the
south and in all periods except for 1983-1987 and 1988-1992 in the west. The changes in Ge concentration by organ
and direction in Pm are given in Table 13.

Table 13. Variation of Ge concentration in Pm by organ and direction

Organ North East South West F Value Mean
DK 8492,8 Bb 8054,5B 7646,2 Bb 2866,3 Aa 7,2* 67649 b
IK 6942,4 ab LA 2696,9 a 6027,6 b 0,4 ns 5222,3b
oD 3621,9 Aa 2690,8 A 2635,8 Aa 3500,5 A 2,2 ns 3192,3a
F value 4,6* 21, 2% 10,2** 7,0%* 14,9%**
Mean

Given the results of variance analysis in table, the changes in Ge concentration in Pm by direction and organ
were statistically significant in all organs and all directions, respectively. The highest value in the north was obtained in
the outer and inner barks, whereas the highest value in the south was observed in the outer bark. In the outer bark, the
highest values were seen in the north, south, and east, whereas the lowest one was found in the west. In the east, the
changes in Ge concentration in the inner bark were below the detectable limits. The changes in Ge concentration in Pm
by period and direction are given in Table 14.

Table 14. Variation of Ge concentration in woods in Pm by period and direction

F Vvalue Mean
4,0ns 4640,0 ¢

Year North East South West
2018-2022 49444 cd LA LA 4335,7d
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2013-2017 5315,9 Bd LA 2222,8 Ab 2217,9 Aa 118,3%** 3252,2 ab

2008-2012  4915,6 Bcd 2331,7 Ab 1761,7 Aa 2509,6 Ab 18,1** 2879,6 a
2003-2007 1717,9 Aa 2447,1 Cb 2275,7 Bb 3775,5Dc 391,17+ 25540 a
1998-2002 1760,0 Aa 4685,2 Bc 1768,6 Aa 4863,0 Be 313,4%** 3269,2 ab
1993-1997 23083,5 Ba LA 1678,1 Aa 2299,8 Bab 12,8** 2093,8 a
1988-1992 4177,5 Bbc 1299,2 Aa 7263,7 Dc 5573,2 Cf 182,77+ 4578,4 bc
1983-1987 3840,3Cb LA 1479,9 Aa 2429,6 Bab 66,1*** 2583,3 a
F Value 36,4*** 37,1%** 233,4%+* 286,8*** 4,0**
Mean 3621,9 2690,8 2635,8 3500,5 2,2ns

As seen in table, the changes in Ge concentration by period were statistically significant in all directions and so
were the changes by direction in all levels other than the period 2018-2022. The highest value in the east was observed
in the period 1998-2002, whereas the highest values in the south and west were found in the period 1988-1992. Besides
that, the highest mean value was found after the year 2018. In addition, the changes in Ge concentration were below
the detectable limits in the periods 1983-1987, 1993-1997, 2013-2017, and 2018-2022 for the east and in the period
2018-2022 for the south.

4. Discussion and Conclusion

As a result of the study, it was determined that Ge accumulates in all samples within detectable limits. This finding
indicates that the species studied here have a high potential for accumulating Ge. One of the most important features
sought in species that can be used in determining heavy metal pollution is their ability to accumulate heavy metals in
their bodies (Key et al.,2023). Previous studies showed that each species has a different potential for accumulating
heavy metals (Kog et al.,2024). The results achieved in the present study showed that the differences in the mean Ge
concentration among species, especially in wood, were not statistically significant. Therefore, all of those species can
be used for monitoring the changes in Ge concentration and reducing the Ge concentration.

At the end of the study, statistically significant differences were found between Ge concentrations in woods that
formed in different directions during the same period. It can be stated that the transfer of Ge in the wood was limited.
Similar results were also reported by different researchers. For instance, Zhang (2019) found that Zn and Pb
concentrations in annual rings of Cedrus deodora changed to a certain extent, but Cu concentration did not change at
all. Koc et al., (2024) reported that the transfer of the Cr element in Pseudotsuga menziesii was limited, but Sb, Ag, Se,
Tl could be displaced in Pinus nigra (Sevik et al., 2024).

In the present study, the highest Ge concentrations were generally obtained in the north and east. Ankara-Istanbul
highway, one of Turkey's busiest highways, passes through the northeast of the study area. Given these results, it can
be stated that Ge concentrations increase significantly depending on traffic density. In previous studies on heavy metals,
traffic density was specified as one of the most important heavy metal sources (Kog et al., 2025; Ozturk Pulatoglu et
al., 2025).

In this study, the highest values were generally found in the outer bark. High heavy metal levels in the outer bark
in polluted areas are related to the structure and contamination of the bark. Heavy metals in the air stick to particles,
contaminate them, and settle on plant organs. Thereby, the concentration of heavy metals in these organs increases
(Sulhan et al.,2022). Since the outer bark has a rough surface structure, particles can easily adhere to it and, as a result,
heavy metal concentrations are high, especially in the bark on the side where the traffic is dense (Yayla et al.,2022).
The results achieved in this study also support these findings and confirm that Ge concentrations in the air increase
due to traffic.

Heavy metals are one of the most threatening pollutants for human and environmental health and, therefore,
numerous studies were carried out on heavy metals in recent years (Cobanoglu et al.,2023; Kuzmina et al.,2023).
However, those studies mainly focused on heavy metals such as Pb, Cr, Ni, Co, Cu, and Zn (Erdem et al., 2024). On
the other hand, recent studies showed that other heavy metals that have been ignored to date can also be extremely
dangerous for human and environmental health (Yasar Ismail et al., 2024).

One of the elements that have generally been neglected in previous studies is Germanium. Organic Ge is mainly
found in industrial wastewater and soil contaminated with heavy metals. Organic Ge is one of the compounds of various
coal-zinc-containing minerals and is the biggest human-made pollutant source in the environment, originating from coal
combustion, oil refining, and different metal recycling processes. Organic Ge and its compounds are volatile at high
temperatures, which results in a significant amount of organic Ge being released into the atmosphere. It can be seen
that if land use for mining, agriculture, and human settlements is not properly planned, germanium compounds, including
organic Ge, will cause significant harm to the environment and human health (Zheng et al.,2020). The results achieved
in the present study show that Ge accumulation in the plants examined here can be quite high. These results can be
considered as an indicator that Ge pollution in the air is at dangerous levels. Therefore, more and diversified studies on
Ge are needed.
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Ozet: Urkmez Baraj Gélii izmir ilinin Seferihisar ilgesi sinirlari igerisinde yer almakta olup, 1985 ve1989 yillari arasinda, icme
ve kullanim amagl su ihtiyacini karsilamak tzere inga edilmistir. Barajin, gévde dolgu tipi toprak, talvegden yuksekligi 45 m,
gbvde hacmi 991 dam?, normal su kotunda gol alani 1 km? ve g6l hacmi 7 hm3dir. Deniz seviyesinden yiksekligi yaklasik 35
m olan, bu baraj géli’'niin su kaynaklarini yagmur sulari ve baraja adini veren Urkmez deresi olugturmaktadir. Bu galismada,
Urkmez Baraj Gélirniin fitoplankton kompozisyonunun belirlenmesi ve fitoplanktonun mevsimsel degisimlerinin ortaya
konmasi amaglanmistir. Bu galisma igin, Mart 2014 ve Subat 2015 aylari arasinda ve belirlenen bir 6rnekleme noktasindan
aylik periyotlarla fitoplankton drnekleri alinmig ve yerinde bazi fiziksel parametreler éigiilmiistiir. Urkmez Baraj Gélinde yiizey,
orta ve dip suyunda yapilan sicaklik dlglimleri, ylizeyde 9,0-28,3 °C arasinda, orta derinlikte 8,8-27,4 °C arasinda, dipte 8,6-
16,6 °C arasinda degisimler gostermistir. Derinlik 10-23 m arasinda, Secchi derinligi ise 0,6-3,6 m arasinda degismistir.
Urkmez Baraj Géli'rnde Cyanobacteria (5 takson), Chlorophyta (7 takson), Myzozoa (3 takson), Euglenozoa (4 takson),
Ochrophyta-Bacillariophyceae (6 takson), Ochrophyta- Chrysophyceae (2 takson) ve Cryptophyta (1 takson) bélimlerine ait
olmak (zere, toplam 28 takson calisma siresi boyunca tespit edilmistir. Bu bulgular ile Turkiye tatlisu alg florasinin ve
dagilimlarinin ortaya koyan literatlire katkilar saglanmigtir. Bu fitoplankton taksonlarinin, Tirkiye baraj gollerinde yaygin olarak
g6zlendigi ve cogunlukla mezotrofik ve kararsiz su kolonuna sahip sucul ekosistemlere uyumlu olduklari degerlendirilmistir.
Anahtar Kelimeler: Urkmez Baraj Gélii, Fitoplankton, Siiksesyon, Mezotrofik

Phytoplankton Composition of Urkmez Dam Lake (izmir-Tiirkiye)

Abstract: Urkmez Dam Lake is located within the borders of the Seferihisar district of izmir province and was built between
1985 and 1989 years to meet the water needs for drinking and usage purposes. The dam has a body fill type of soil, a height
of 45 m from the thalweg, a body volume of 991 dam?, a lake area of 1 km? at normal water level and a lake volume of 7 hm?.
The water resources of this dam lake, which is approximately 35 m above sea level, are rainwater and the Urkmez stream,
which gives its name to the dam. The aim of this study was to determine the phytoplankton composition of Urkmez Dam Lake
(Izmir-Tiirkiye) and to carried out the seasonal changes in phytoplankton. For this study, phytoplankton samples were taken
from a selected sampling point at monthly intervals between March 2014 and February 2015 and some physical parameters
were measured in situ. Temperature measurements in the surface, middle and bottom waters of Urkmez Dam Lake showed
changes between 9.0-28.3 °C at the surface, 8.8-27.4 °C at the middle depth and 8.6-16.6 oC at the bottom. Depth varied
between 10-23 m and Secchi depth varied between 0.6-3.6 m. A total of 28 taxa belonging to the divisions Cyanobacteria (5
taxa), Chlorophyta (7 taxa), Myzozoa (3 taxa), Euglenozoa (4 taxa), Ochrophyta-Bacillariophyceae (6 taxa), Ochrophyta-
Chrysophyceae (2 taxa) and Cryptophyta (1 taxa) were identified in Urkmez Dam Lake during the study period. These findings
have contributed to the literature revealing the freshwater algal flora and distribution of Tirkiye. It was evaluated that these
taxa are commonly observed in Turkish dam lakes and are mostly compatible with aquatic ecosystems with mesotrophic and
unstable water column.
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1. Giris

Bir akarsuyun aktigi derin vadilerin 6ntine bir set yapilandiriilmasi ile olusturulan baraj gélleri, dogal ortamlarda
durgun su ekosistemleri veya yapay goller olarak yerlerini almaktadir. Ginimuiz insan toplumunun artan ihtiyaglar
(enerji eldesi, su temini, tagkin kontrol(i, rekreasyon vb.) sebebiyle, akarsular izerine 60 binden fazla blylk baraj insa
edilmis ve klguk olanlar da dahil edildiginde baraj gdéllerinin sayisi dunya dlgedinde dikkat ¢ekici bir artis gdstermistir
(ICOLD, 2024). Ekolojik karakteristikleri yoninden dogdal gollerden farkhhklari olan baraj gélleri (Thornton vd., 1990),
cesitli cografyalardaki fitoplankton arastirmacilarinin da gegmisten bugiine yeni galisma sahalari olarak ilgisini gekmistir
(Dzialowski vd., 2005, Zeng vd., 2006; Cabecinha vd., 2009; Yajima vd., 2013). Fitoplankton topluluklarinin yapisi; su
karigimlari, 1sik, sicaklk, besin maddeleri ve otlayicilar gibi birgok fizikokimyasal ve biyolojik etkenler tarafindan
sekillendiriimektedir (Reynolds vd., 2002; Reynolds, 2006). Bu etkenler igerisinde, karigimlar sebebiyle olusan su
kolonundaki kararsizligin tiir kompozisyonlarindaki degisimlerin baslica etkeni olabilecedi, fitoplankton dinamigi Gizerine
calisan arastirmacilar tarafindan ayrica ortaya konmustur (Calijuri vd., 2002). Bununla birlikte, gogu zaman kararsiz
ekosistemler olarak tanimlanan baraj gélleri, dogal goller ile benzerliklerine ragmen, kullanim amaciyla gergeklestirilen
su seviyesi degisimleri nedeniyle, fiziksel, kimyasal ve biyolojik karakteristikleri bakimindan 6zgiin ekosistemlerdir
(Geraldes ve Boavida, 1999). Tim bu karakteristik 6zelliklerinin yaninda, glinimizde, baraj golleri birincil kullanim
amaglarinin yaninda balikgilik ve akuakiltir gibi su Grinleri sektori faaliyetleri icin de potansiyel Uretim alanlari olarak
degerlendiriimektedir (Akova, 2015; Zaniboni-Filho vd., 2018). Baraj géllerinde gerceklestirilen veya gerceklestirilecek
olan bu faaliyetlerinin uygunlugunun tespit edilmesi ve ¢evresel sorunlara yol agmadan sirdurilebilmesi igin ekolojik
Ozelliklerinin izlenmesi gerekmektedir (Nobile vd., 2020). Pelajik besin zincirinin birincil Ureticileri olan fitoplanktonik
organizmalar, sucul ekosistemlerin verimligini ve ekolojik statisind belirlemede indikatdér organizmalar olarak
degerlendirilir (Padisak vd., 2006).

Profesyonel baraj veya rezervuar bilgilerinin kiresel paylasimina adanmis bir sivil toplum kurulusu olan
Uluslararasi Blylk Barajlar Komisyonu (ICOLD; https://www.icold-cigb.org/article/GB/world_register/general
_synthesis/number-of-dams-by-country, son erisim: 6 Ocak 2024) tarafindan diizenli olarak glincellenmektedir. Bu
komisyona gore 1.903 adet baraj goliyle Tirkiye, diinyada 5. sirada yer almaktadir. Son zamanlarda, bu dondstirilmis
ve yapay tatlisu ekosistemleri, hi¢ sliphesiz Glkemiz sucul habitatlarinda galisan gesitli arastirmacilarin odaginda
bulunmus ve yeni arastirma firsatlari olarak degerlendirilmistir (Marashoglu ve Goéndlol, 2014; Kikrer ve Mutlu, 2019;
Aykut vd., 2021). Ulkemizde, arastirma konumuz olan baraj géllerinin fitoplanktonu Uzerine ilk ayrintili galisma ise
Kurtbodazi Baraj Goli’ nde yapilmistir (Aykulu ve Obali, 1981). Daha sonraki yillarda, baraj gdéllerinin fitoplankton
kompozisyonu Uzerine ve Turkiye Tatlisu Alg Florasi’'nin ortaya konmasina énemli katkilar saglayan ¢ok sayida ayrintili
bilimsel galisma gergeklestiriimistir (Gonulol vd., 1996; Aysel, 2005). Literatlir taramalarimiza gore, galisma sahamiz
olan Urkmez Baraj Géli’'nde ise sucul yasam Uzerine herhangi bir makaleye rastlaniimamigtir. Bu galisma ile, Urkmez
Baraj GolU’'nln fitoplankton kompozisyonu Gzerine ilk bulgularin literatlire kazandirilmasi amaglanmistir.

2. Materyal ve Metod

Urkmez Baraj Géli (UBG), izmir ilinin Seferihisar ilgesi sinirlari igerisindedir. 1985-1989 yillari arasinda, icme ve
kullanim amagli su ihtiyacini karsilamak lzere insa edilmis olan barajin, gévde dolgu tipi toprak, talvegden yuksekligi
45 m, gdvde hacmi 991 dam?, normal su kotunda gol alani 1 km2 ve gél hacmi 7 hm3dir (DSI, 2011). Deniz seviyesinden
yiksekligi yaklasik 35 m olan, Urkmez Baraj Goli'niin su kaynaklarini yagmur sulari ve baraja adini veren Urkmez
deresi olusturmaktadir. UBG’niin fitoplankton kompozisyonunu belirlemek izere baraj setinin hemen gerisindeki en
derin bdlgesinde 38° 05' 42"K ve 26° 57' 22"D koordinatlarinda bir érnekleme noktasi segilmistir. (Sekil 1.)
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Sekil 1. Calisma alani.

Fitoplankton oOrneklemeleri bir yil sire (Mart 2014-Subat 2015) ile aylik periyotlarla yapilmistir. Belirlenen
ornekleme noktasindan 55 ym ag g6z acikhgina sahip plankton kepgesi (Hydrobios) ile 15 dakika daireler gizerek
horizontal fitoplankton érneklemeleri gergeklestiriimistir. Su érneklemeleri icin Ruttner (Hydrobios) érnekleme ekipmani
kullaniimigtir. Alinan su 6rneklerinden termometre ile sicaklik dlgiimleri yerinde yapilmistir. Secchi derinligi ve derinlik
Olciimleri igin metrajli halata bagh 30 cm c¢apinda siyah-beyaz Secchi disk kullaniimistir. TUr teshisleri ve sayimlar
Olympus CKX 41 ters mikroskop ile farkli biiyiitmelerde (x100, x200, x400) gerceklestirilmistir. ipliksi veya koloni
seklindeki formlar bir organizma olarak kabul edilmis olup, fitoplankton ttrlerinin nispi bolluklarinin hesaplanabilmesi
icin, incelenecek her bir preparatta en az 400 birey sayiimis ve Nispi bolluk= (A) tirtiniin toplam birey sayisi/Toplam
Birey sayisi x 100 formulinden yararlaniimistir.

Fitoplankton érneklerinin tayin edilmesinde Huber-Pestalozzi (1941, 1942, 1950), Bourrelly (1966, 1968, 1970),
Philipose (1967), Hartley vd. (1996), Komarek ve Anagnostidis (1999), John vd. (2002), Komarek ve Zapomelova
(2007), eserlerinden yararlaniimistir.

3. Bulgular ve Tartigma

Urkmez Baraj Géli (UBG)'nde yiizey, orta ve dip suyunda yapilan sicaklik élgiimleri, yiizeyde 9,0-28,3 °C
arasinda, orta derinlikte 8,8-27,4 °C arasinda, dipte 8,6-16,6 °C arasinda degisimler gostermistir. Derinlik 10-23 m
arasinda, Secchi derinligi ise 0,6-3,6 m arasinda degismistir (Sekil 2). Elde edilen bu bulgular sonucunda, UBG’ niin
calisma suresince meydana gelen su girisleri veya bosaltimlari nedeniyle istikrarsiz bir su kolonu yapisina sahip oldugu
degerlendirilmistir. Baraj gollerinin kendine 6zgl bu su seviyesi degisimlerinin fitoplankton topluluklari ve ortamin
limnolojik karakteri Gizerinde 6nemli etkileri oldugu bilimsel galigmalarla ortaya konmustur (Geraldes ve Boavida, 1999;
Fang vd., 2025). UBG'niin fitoplankton kompozisyonunda Cyanobacteria, Chlorophyta, Myzozoa, Euglenozoa,
Ochrophyta ve Cryptophyta bolimlerine ait alg taksonlari tespit edilmistir. Fitoplankton kompozisyonunun alg
bélumlerine gore yizde dagilimlarina bakildiginda % 25 ile en baskin bélimin Chlorophyta oldugu belirlenmistir. %21
ile Ochropyta bolimunin Bacillariophyceae sinifi, %18 ile Cyanobacteria, %14 ile Euglenozoa, %11 ile Myzozoa
boélimleri fitoplankton kompozisyonunu sekillendirmistir. Diger bolimler ise %10 dan daha az oranlarda gézlenmiglerdir
(Sekil 3).
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Sekil 2. Urkmez Baraj Géli'nde Sicaklik, Derinlik ve Secchi derinligi degisimleri.
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Sekil 3. Urkmez Baraj Géli'nde fitoplankton kompozisyonun bélimlere gére yiizde dagilim.

Ornekleme periyodu siiresince, UBG’nde fitoplanktonda Cyanobacteria béliimiinden 5, Chlorophyta bélimnden
7, Myzozoa boéliminden 3, Euglenozoa boliminden 4, Ochrophyta boéliminin Bacillariophyceae sinifindan 6,
Chrysophyceae sinifindan 2 ve Cryptophyta béliminden 1 olmak Uzere, toplamda 28 alg taksonu teshis edilmistir.
Tespit edilen taksonlar Tlrkiye tathsulari igin kozmopolit olup, bu taksonlar sistematik hiyerarsi dikkate alinarak
asagidaki cizelgede listelenmis ve nispi bolluklari verilmistir (Cizelge 1).

Cizelge 1. Urkmez Baraj Gélii fitoplanktonu ve taksonlarin (%) nispi bolluklari.

s 2 8 "
s EEaifzegiyl
= Z2 2 T +— <« W i ¥ L& O or
Cyanobacteria
Aphanizomenon gracile Lemmermann 4 10 15 + +
Gomphosphaeria aponina Kiitzing 22 + +
Microcystis aeruginosa (Kitzing) Kiitzing + 2 3 +
Woronichinia naegeliana (Unger) Elenkin + + o+ +
Oscillatoria tenuis C.Agardh ex Gomont +
Chlorophyta
Botryococcus braunii Kitzing + o+ o+
Chlorangiopsis epizootica (Pascher) Korshikov + +
Pseudopediastrum boryanum (Turpin) E.Hegewald +
Pediastrum duplex Meyen + + + o+
Monactinus simplex (Meyen) Corda + + 2 18 10 4 3
Binuclearia lauterbornii (Schmidle) Proschkina-Lavrenko + 44 40 34 22 19 5
Scenedesmus sp. + + o+
Myzozoa
Ceratium hirundinella (O.F.Muller) Dujardin 3 1 2 2136 3 5 5 6 5 4 6
Peridinium cinctum (O.F.Mdller) Ehrenberg + 2 7 10 4 12 7 7 9 5 5
Peridiniopsis cunningtonii Lemmermann 2 1 1 5 2 +
Euglenozoa
Euglena tuberculata Swirenko 3 1 + + + +

Phacus longicauda (Ehrenberg) Dujardin 2 + +
Phacus tortus (Lemmermann) Skvortzov
Trachelomonas planctonica Svirenko 17 9 3 15 10 16 20 37 27 19 26 30

Ochrophyta, Chrysophyceae

+

Dinobryon divergens O.E.Imhof + 46 40 20 26 +
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Dinobryon sociale var. americanum (Brunnthaler)

Bachmann T "
Ochrophyta, Bacillariophyceae

Aulacoseira granulata (Ehrenberg) Simonsen + 5 11 13 +
Pantocsekiella ocellata (Pantocsek) K.T.Kiss & E.Acs 1587 45 1 + + + + 5 14 + 22
Rhopalodia gibba (Ehrenberg) Otto Miiller + o+ + o+
Surirella robusta Ehrenberg + + + o+
Ulnaria acus (Kutzing) Aboal + + + + + + + + 10 15 12 +
Ulnaria ulna (Nitzsch) Compére + + + + + + + 1 1 1
Cryptophyta

Cryptomonas ovata Ehrenberg 35 + + + + + 19 31

Chlorophyta tyeleri galisma siresince fitoplanktonda en ¢ok taksonla temsil edilen alg grubu olmuslardir ve Eylil-
Aralik aylar arasinda takson sayisi olarak baskin bulunmuslardir. Bu bélim Gyelerinden Binuclearia lauterbornii (Syn:
Planctonema lauterbornii) ve Monactinus simplex (Syn: Pediastrum simplex) bu dénemlerde fitoplanktonda baskin ve
alt baskin olmuslardir. Botryococcus braunii, Pseudopediastrum boryanum, Pediastrum duplex tirleri ise diger sik
g6zlenen taksonlardir. Bunlardan B. lauterborni, Akdeniz bolgesinde yapilandiriimis sert sulara sahip ve mezotrofik
karakterli baraj gollerinden bildiriimistir (Ramon ve Moya 1984, Dasi vd., 1998). Pediastrum tirlerinin nutriyentce zengin
durgun su yapilarinda bulunabildidi, ancak B. braunii tirinin de temiz géllerin epilimniyon tabakalarinda bulunabildigi
ve bulanik kosullara iyi uyum saglayabildigi bildiriimistir (Reynolds vd., 2002).

Chlorophyta Uyelerinden sonra, tur cesitliligi bakimindan Bacillariophyceae (Ochrophyta) sinifi alglerin
fitoplanktonda ikinci en baskin grup olduklar belirlenmigtir. Sentrik Bacillariophyceae (Diyatom) turleri besin
maddelerinin fazla, karisimin ve bulanikligin yiksek oldugu su yapilarina tolerans gosteren alglerdir. (Izaguirre vd.,
2001). Bu alglerden Pantocsekiella ocellata (Syn: Cyclotella ocellata), UBG fitoplanktonunda en sik gézlenen ve zaman
zaman alt baskin takson olarak saptanmistir. Cyclotella turleri Glkemizdeki birgok baraj gélinde de baskin tlrler olarak
kaydedilmistir (Géndilol ve Aykulu, 1984; Celekli ve Oztiirk, 2014; Yilmaz, 2018). Sentrik diyatomelerden Aulacoseira
granulata fitoplankton kompozisyonunda nispeten siklikla tespit edilmistir ve Aulacoseira spp. nin bulanik su kolonuna
sahip baraj gollerinde kozmopolit ve baskin olabildikleri bildirilmistir (Hutchinson,1967; Reynolds vd., 1993). Yine, bu
calisma suresince siklikla gdzlenen Ulnaria acus tiriinin fazlaca besin maddeleri bulunan ve turbiditesi ylksek sucul
habitatlarda tespit edildigi, U. ulna tirGnin ise daha ¢ok o6trof gdllerin yaygin turlerinden oldugu bildirilmistir (Hustedt,
1930; Reynolds vd., 2002).

Myzozoa (Dinoflagellata) béliminden UBG fitoplanktonunda 3 alg thrl bulunmus, bunlardan Ceratium
hirundinella ¢alisma periyodunun tamaminda belirlenmistir. Bu alg turin daha ¢ok mezotrofik ve 6trofik gollerin
epilimniyonunda bulunabildigi bilinmektedir (Reynolds vd., 2002). C. hirundinella Glkemizde bir¢ok baraj goéllinin
fitoplanktonunda de baskin ve alt baskin organizma olarak rapor edilmistir (Baykal vd., 2004; Cetin ve Sen, 2004). Bu
bdlim tyelerinden ikinci en sik gdzlenen Peridinium cinctum tlru ise bazi baraj géllerimizde, genellikle yaz mevsiminde
yaygin ve bol olarak bulundugu bildirilmigtir (Gonulol ve Obali, 1998; Tas ve Goénulol, 2007).

Organik madde bakimindan zengin ve si§ sulak alanlarda bulundugu bilinen Euglenozoa (Euglenophyta) bolimu
tyeleri (Wotowski, 2002), UBG fitoplankton kompozisyonunda oldukca az taksonla temsil edilmelerine ragmen, ézellikle
Trachelomonas planctonica 6rnekleme periyodu boyunca surekli ve bazi aylarda alt baskin tur olarak gézlenmistir. Isik
ve nutriyent sinirhhiginin olustugu durumlarinda, tam olarak ototrof olmayan ve mikzotrofik protistler olarak kabul
edilebilecek Euglenozoa uyelerinin, bulanik kosullara sahip baraj gollerine basarili sekilde uyum gosterebildikleri
Uzerine bulgular bildiriimistir (Amengual-Morro vd., 2012; Peczutfa vd., 2014).

Arastirma alanimizda Cryptophyta béliminden sadece Cryptomonas ovata tiri saptanmistir. Daha ¢ok kis
mevsiminde g6zlenmis C. ovata tlrinun kisith 1sik bulunan sucul ortamlara toleransli oldugu belirtiimistir (Reynolds vd.,
2002). Bu tiure ulkemizdeki baraj gollerinde de gogunlukla rastlaniimistir (Ongun-Sevindik, 2010; Ersanh ve Gondilol,
2014; Dalkiran vd., 2024). Bu calismada Chrysophyceae (Ochrophyta) Uyelerinden Dinobryon cinsinden iki tur
bulunmus ve bu iki tirden D. divergens ilkbahar ve yaz aylarinda siklikla gézlemlenmistir. Codunlukla besleyici
maddeler bakimindan zayif ve oligotrofik gdlleri tercih ettigi bilinen (Reynolds vd., 2002) bu turlerin, asiri ¢cogaldiginda
da suda balik kokusuna neden olabildigi bildirilmistir (Palmer, 1980). Bu tur, Kemer Baraj G6li’'nde de ilkbahar ve yaz
mevsimlerinde tespit edilmistir (Ozyalin ve Ustaoglu, 2008).

Cyanobacteria Uyeleri fitoplankton kompozisyonunda nispeten az taksonla temsil edilmig, arastirma periyodu
boyunca Aphanizomenon gracile ve Gomphosphaeria aponina bu bdlimden en sik rastlanilan tlirler olmuslardir. Birden
fazla 6trofik golde, planktonik Bacillariophyceae (Diyatomlar) ve Cyanobacteria Uyelerinin (siyanobakteriler) baskinhgini
kontrol eden suirecler Uzerine gergeklestirilen bir arastirmada, su sicakliginin 15 °C’ nin altinda ve su kolonunun kararsiz
oldugu periyotlarda diyatomelerin ve nadir olarak da Chlorophyta turlerinin baskin olabildigi, su sicakliginin 15 °C’ nin
Uzerinde ve su sutununun duragan oldugunda ise siyanobakterilerin baskin olabildigi ortaya konmustur (Zhang ve
Prepas,1996). Su kolonu istikrarinin yil boyu gogunlukla diisiik oldugu UBG’nde de siyanobakterilerin agiri gogaldigi
veya fitoplankton kompozisyonunda baskin oldugu bir dénem tespit edilememisgtir.
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4. Sonug

Gergeklestirdigimiz calismalar sonucunda, Urkmez Baraj Golii fitoplankton kompozisyonunun baraj géllerinin
kararsiz su kolonu tipolojisine uyum saglayabilen ve ¢cogunluka mezotrofik kismen de 6trofik ortamlara 6zgu turlerden
olustugu degerlendiriimistir. Ulkemizde baraj géllerinin sayisi oldukga fazla ve akarsular (zerine yenileri
yapilandiriimaya devam etmektedir. Normal olmayan su seviyesi degisimleri sebebiyle, dodal gollere kiyasla 6zgln ve
farkli bir ekosistem dinamigi gdsteren baraj gdllerinin ekolojisi ve fitoplankton yapisinin daha iyi anlasilabilmesi,
buralardan saglanacak ekosistem hizmetlerinin ve su Grlnleri Gretiminin sdrddrebilirligi bakimindan da énemlidir.

5. Tesekkiir

Bu galismayi, 2013-3-FMBP-21 numarali proje kapsaminda destekleyen izmir Katip Celebi Universitesi
ve Bilimsel Arastirma Projeleri Birimine tesekkir ederiz.

6. Etik Standartlara Uygunluk

a) Yazarlarin Katkilar

1. H.S.: Galismayi tasarladi, arazi galismasini gergeklestirerek drnekleri elde etti, tir tayinlerini gerceklestirerek
analizleri yapti ve yorumladi, makaleyi yazdi,

2. F.R.K.: LiteratUr taramasi yapti, arazi galismasini gergeklestirerek érneklerin elde etti, makaleyi kontrol etti,
3. G.C.M.: Literatur taramasi yapti, arazi galismasini gerceklestirerek érneklerin elde etti, makaleyi kontrol etti.

b) Cikar Catismasi
Yazarlar ¢ikar catismasi olmadidini beyan ettiler.

c) Hayvanlarin Refahina iliskin Beyan
llgili degil

d) insan Haklari Beyani
Bu calismada insan denek bulunmamaktadir.

e) Finansman _ )
Bu g¢alisma, 2013-3-FMBP-21 numarali proje kapsaminda lzmir Katip Celebi Universitesi ve Bilimsel
Arastirma Projeleri Birimi tarafindan finansal olarak desteklenmistir.
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Abstract: This study aims to compare Random Forest Regression and LightGBM algorithms for the prediction of pH
value, which is an important parameter in water quality assessment. The performance of both algorithms is evaluated
with metrics such as RMSE, R-squared and AUC (Area Under Curve). The results show that the LightGBM algorithm
outperforms Random Forest (0.84) with an AUC value of 0.86 and provides better prediction accuracy, especially on
large and complex datasets. These findings demonstrate the applicability of machine learning techniques in
environmental monitoring processes and their potential for effective management of water quality. The results
highlight the superiority of the LightGBM algorithm in solving environmental problems such as pH prediction, but also
provide suggestions for more comprehensive approaches. The application of hybrid modeling techniques,
generalizable analyses with datasets from different water sources, and the development of real-time monitoring
systems are suggested to extend the findings of the study. This study contributes to the literature by demonstrating
the importance of machine learning algorithms in environmental monitoring and water quality management.

Keywords: Water quality, pH value prediction, Random forest, LightGBM, Kaggle Dataset

Random Forest ve LightGBM Algoritmalari Kullanilarak Su Kalitesinin pH
Degerinin Tahmini

Ozet: Bu galigma, su kalitesinin degerlendiriimesinde énemli bir parametre olan pH degerinin tahmini igin Random
Forest Regression ve LightGBM algoritmalarini karsilastirmay1 amaglamaktadir. Kaggle platformundan elde edilen
genis bir veri seti Uzerinde gerceklestirilen analizlerde, her iki algoritmanin performansi RMSE, R-squared ve AUC
(Area Under Curve) gibi metriklerle degerlendiriimistir. Sonugclar, LightGBM algoritmasinin AUC degeriyle (0.86),
Random Forest'tan (0.84) daha yiiksek performans sergiledidini ve 6zellikle biylk ve karmasik veri setlerinde daha
iyi bir tahmin dogrulugu sagladigini gdstermistir. Bu bulgular, makine 6grenimi tekniklerinin cevresel izleme
sureclerindeki uygulanabilirligini ve su kalitesinin etkin bir sekilde yonetiimesindeki potansiyelini ortaya koymaktadir.
Elde edilen sonuglar, pH tahmini gibi ¢evresel sorunlarin ¢6ziiminde LightGBM algoritmasinin Ustinlagini
vurgulamakla birlikte, daha kapsamli yaklagimlar i¢in 6neriler de sunmaktadir. Hibrit modelleme tekniklerinin
uygulanmasi, farkl su kaynaklarindan alinan veri setleriyle genellestirilebilir analizlerin yapilmasi ve gergek zamanli
izleme sistemlerinin gelistiriimesi, ¢calismanin bulgularinin genisletiimesi adina 6nerilmektedir. Bu ¢alisma, cevresel
izleme ve su kalitesi yonetiminde makine 6grenimi algoritmalarinin énemini bir kez daha ortaya koyarak literatire
katki saglamaktadir.
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1. Introduction

After air, water is the second most important requirement for life to exist. As a result, water quality
has been extensively defined in the scientific literature. The most popular definition of water quality is “the
physical, chemical and biological properties of water”. Water quality is a measure of the condition of water
relative to the requirements of one or more biotic species and/or any human need or purpose (Omer,
2019).

Water quality is a term used to describe the chemical, physical and biological characteristics of water.
Moreover, the physical, chemical and biological properties of a water body, i.e. “water quality”, determine
the suitability of that water for a particular value. Water quality issues have become a rapidly evolving
component of environmental sciences, primarily due to the increasing demand for water resources and
amenity value and the complex link between water quality use and ecosystem health. Water quality varies
markedly over time and space (Meybeck et al., 2006). Water quality is a critical aspect of environmental
health, affecting both aquatic ecosystems and human well-being. Effective monitoring and management
of water quality is essential to reduce pollution and ensure safe water supplies (Nayak and Panda, 2024).

Water quality prediction plays an important role in protecting human health, maintaining aquatic
ecosystems, supporting sustainable water management practices, and ensuring regulatory compliance in
aquatic environments. By analyzing a comprehensive dataset of water quality indicators such as pH,
dissolved oxygen, and turbidity, the research employs a variety of ML algorithms, including Random
Forest, Support Vector Machines, and Gradient Augmentation Machines. Through rigorous training,
validation and optimization, models are evaluated for their accuracy, precision and error rates (Rogers
and Ambili, 2024).

This study aims to compare Random Forest and LightGBM algorithms to predict the pH value, which is
an important parameter in water quality prediction. Using a large dataset obtained from the Kaggle
platform, the study evaluates the effectiveness of these two algorithms in terms of metrics such as
accuracy, error rate and generalization performance. Although the analysis reveals the strengths of both
algorithms, it shows that LightGBM performs better especially on large and complex datasets. In this
context, the study aims both to contribute to the identification of suitable methods for fast and accurate
water quality monitoring and to contribute to the literature by comparing the performance of different
machine learning algorithms.

2. Materials and Methods

This section provides information about Random Forest Regression and LightGBM Regression
algorithms, which are machine learning techniques used in the study. The methodological framework of
the study is shown in Figure 1.

Determining of Study Objective

1

Determining of Study Variables — Expert Opinion

Collecting of the Data and Creating of the
Database

l

Predicting of the pH value [—r] - Random Forest
l - LightGBM

Evaluating of the Results

Kaggle Dataset

Figure 1. Methodology Framework
2.1. Random Forest Regression Algorithm
Random Forest Regression (RFR) is an ensemble learning method that combines multiple decision trees.
This method offers high accuracy and generalization capability in regression problems by combining the
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predictions of individual decision trees. Each decision tree is constructed using a randomly selected
subset of data and a subset of attributes (Breiman, 2001). Each of the decision trees works independently
and the predictions are combined by averaging over all trees. This method reduces the tendency of model
overfitting and provides more balanced results (Ganapa et al., 2024).

An important advantage of RFR is that it combines both randomness in the data and diversity in feature
selection to reduce the correlation between trees. This correlation is reduced by training each tree on only
arandom subset of the data (bootstrap sampling) and splitting at each node with only a randomly selected
subset of attributes (Segal, 2003). This process increases the generalizability of the model both for
datasets with high variance and for complex problems with different attribute types (Li et al., 2018).

Another strong feature of the Random Forest algorithm is that it can produce effective results even in data
sets with a high number of variables. In particular, the ability to calculate variable importance scores to
measure the information contribution of attributes distinguishes this method from other methods that are
perceived as “black boxes”. For example, Ganapa et al. (2024) utilized variable importance analysis to
evaluate the impact of attributes on price changes when predicting gold prices based on historical data.

Furthermore, the RFR algorithm has minimal requirements on data preprocessing and parametric
assumptions. This allows the user to spend less time on model tuning and allows the algorithm to deal
with complex data structures. For example, in Segal (2003), it is reported that RFR gives better results
than other machine learning models even with minimal settings in experiments on various datasets.

One of the most remarkable features of this algorithm is that it provides an Out-of-Bag (OOB) error
estimate, which is a general performance metric. By testing each decision tree on data not selected during
bootstrap sampling, a realistic assessment of the generalization performance of the model can be made.
OOB error estimation also eliminates the need for an additional test data set to measure the accuracy of
the model (Li et al., 2018).

Mathematical Model
1. Prediction Function:

~ 1
P = Tk (@)
(1)
Equation (1) calculates the prediction ¥ by averaging the predictions of K independent decision trees
(Breiman, 2001).
2. Variable Selection and Randomization:
. At each node, a random subset (m) of attributes is evaluated and the best split point is selected
from this subset.
. m is usually ﬁ or log,(p) + 1, depending on the total number of features (p) (Segal, 2003).
3. Out-of-Bag (OOB) Error Prediction:

00B Error = = N, (y; — §0OB, i)?
2

In Equation (2), N denotes the total number of data points, and for each data point, only the estimates
generated in bootstrap
samples that do not include that point are used (Li et al., 2018).

2.2. LightGBM Algorithm

Light Gradient Boosting Machine (LightGBM) is a gradient boosting algorithm developed by Microsoft.
This algorithm is especially optimized for large datasets and datasets with high-dimensional features (Gao
and Balyan, 2022). LightGBM differs from traditional gradient boosting algorithms (GBDT) by offering
faster training time, low memory usage, and high accuracy (Liang et al., 2019).

Mathematical Model
1. Objective Function: Since LightGBM is a gradient boosting framework, the objective function is
expressed as the sum of the loss function (L) and an adjustment term (2) (Yang et al., 2021):
Obj = i Ly, ¥ ) + Xi=12(f2) ®3)
Equation (3):

e L(y;,¥): The loss between the true value (y;) and the predicted value (%,),

o O(f)=vyT +§ A X7_, w/: The adjustment term controls the complexity of the Tree,
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e T: Number of leaves of the tree, w;: Leaf weights (Gao and Balyan, 2022).

2. Gradient Boosting: LightGBM adds each new decision tree in a way that minimizes the prediction errors
of the existing model (Liang et al., 2019):
7 = 3“7 +nf () (4)
Equation (4):

e $,9: Prediction at ¢t-th iteration,

e 1 : Learning rate,

e fi(x;) : Prediction made by the decision tree at the t-th iteration (Yang et al., 2021).

3. Histogram Based Division: LightGBM selects the split points by dividing the values of the features into
histogram buckets.
This reduces memory usage and computational cost (Gao and Balyan, 2022):
1 [(Gz)2 6r)*>  (GitGr)? ] _
ni+n, LHi+A Hy+ A Hi+ Hy+A Y

Gain =

©)

Equation (5):

e G, + G, : Gradient sums on the left and right node,

e H; + H, :Hessian sums on the left and right node,

e A :L2regulation parameter (Liang et al., 2019).
4. Leaf-Wise Growth Strategy: LightGBM uses a leaf-based growth strategy instead of the traditional level-
based growth (Yang et al., 2021). This allows more complex patterns to be captured and generally
provides higher accuracy:

BestLeaf = argmax;Gain (1)
(6)

The leaf-based strategy ensures that the leaf with the highest gain is expanded at each iteration.

LightGBM also supports parallel processing, significantly reducing processing time when working

with large-scale datasets (Gao and Balyan, 2022).

2.3. Evaluation Criteria

For validation, the dataset (training and test data set) should be separated. RMSE (Root Mean Square
Error Squared) was used to evaluate the algorithms used in the datasets (Karaath et al., 2012). The
mathematical formulation of the RMSE value is given in Equation (7).

RMSE = \/l n(y, — x;)2 )

n &i=1

The mean model prediction error, expressed in units of the relevant variable, is known as the RMSE. The
direction of the mistakes has no impact on this metric, which can also vary from 0 to «. Lower values are
therefore preferable. R-squared, the second metric, shows how much of the total variance can be
accounted for by the model. R-squared is shown in Equation (8).

RZ — 1 _ Z?:l(yi_xi)z (8)

Yo, i—%)?

where x; shows the predicted value for the i th observation, y; represents the observed value for the i th
observation, x; shows the average of predicted values, and n represents the number of observations
(Nguyen et al., 2021). Models with higher R-squared values were more successful than those with lower
R-squared values.

2.4. Implementation

In this section, firstly, information about the data set used in the study is given and then the pH value of
water quality is estimated
using Random Forest Regression and LightGBM algorithms from machine learning techniques.

2.5. Data Set

In this study used for water quality, the Kaggle platform, which contains various data sets in many fields,
was utilized. This dataset consists of a total of 15000 data, including 10000 training and 5000 test data
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published in Kaggle under the name “waterdataset”. The data set consists of pH, hardness, solids,
chloramines, sulfate, conductivity, organic carbon, trihalomethanes and turbidity indicators. The data are

defined as eight independent variables and one (pH) dependent variable (Kaggle, 2024).

2.6. Prediction of Water Quality’s pH Value

In order for the variables in the study to be processed a certain way, the values were first normalized
between 0.0 and 1.0. The normalized indicators were coded as independent and independent variables.
Training (66.6%) and test sets (33.3%) of data were separated. The high-level programming language
Python is used to present the algorithm outputs as RMSE and R-squared. The Random Forest Regression
and LightGBM Regression methods were used in the analyses to estimate the pH value of the water

quality.
pH (observed) Random Forest LightGBM
0.458 0.405 0.378
0.006 0.314 0.230
0.682 0.585 0.521
0.563 0.343 0.569
0.336 0.598 0.580
0.018 0.294 0.220
0.983 0.481 0.454
0.366 0.471 0.443
0.388 0.449 0.451
0.011 0.119 0.080

Table 1. shows 10 randomly selected normalized observed pH values and the predicted value obtained

using Random Forest Regression and LightGBM algorithms.

Comparison of Observed pH and Algorithm Predictions

2 4 6
Observation Index

Figure 2. Comparison of algorithm results with randomly observed pH Value
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The pH value observation and prediction results of the algorithms in Table 1 are visualized in Figure 1. In
Figure 1, the blue line shows the observed values, while the green and yellow lines show the prediction
values of the pH value. Accordingly, it shows which algorithm predicts which indicator value more
successfully on randomly selected data. Table 2 shows the error value of all test data (5000).

Table 2. Comparison of Error Values of Algorithms

Random Forest LightGBM
RMSE 0.233 0.207
R-squared 0.346 0.481

In Table 2, RMSE is 0.233, and R-squared is 0.346 for the prediction using Random Forest algorithm,
while RMSE is 0.207, and R-squared is 0.481 for the prediction using LightGBM algorithm. Therefore,
when the performance values of the algorithms are compared, it is seen that the LightGBM algorithm has
more successful results. In Figure 3, the ROC curve compares the performances of the algorithms.

ROC Curve

1.0 4 — Random Forest (AUC = 0.84)
LightGBM (AUC = 0.86)
—-- Chance

0.8

True Positive Rate
o
o

S
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L

\
LY

0.2 4 -

0.0 4

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Figure 3. ROC Curve of Random Forest Regression and LightGBM Algorithms

Figure 3 shows the ROC curve of the performance of the algorithms when all data is analyzed. True
Positive Rate (TPR) (Vertical Axis) refers to the rate at which the model correctly predicts true positives.
These metric measures sensitivity. False Positive Rate (FPR) (Horizontal Axis) refers to the rate at which
the model incorrectly predicts true negatives as positives. ROC Curve (colored lines): Visualizes the
relationship between both metrics (TPR and FPR). The curve shows the performance of the algorithms at
different thresholds. AUC (Area Under Curve), the area under the curve, numerically summarizes the
overall performance of the algorithms. AUC expresses how much better a model is than a random guess.
Chance (Dashed Line) represents the performance of a random forecast (FPR = TPR line). The AUC
value of LightGBM is higher compared to Random Forest (0.86 > 0.84). This indicates that the LightGBM
algorithm has better overall prediction performance and optimizes the data better.

3. Discussion

In this study, the analysis of different machine learning algorithms used for pH prediction is
compared with the methods in the literature. In particular, the performance of Random Forest and
LightGBM algorithms are compared with the models used in other studies and the differences and
similarities are discussed.

lyer et al. (2023) used SVM, Random Forest and Decision Tree algorithms to predict water quality. In this
study, the superior performance of the Random Forest algorithm was particularly emphasized. Similarly,
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the Random Forest algorithm was used in this study and its effect on pH estimation was analyzed.
However, this study evaluated the performance of the algorithms in more detail by comparing the Random
Forest method with LightGBM. In addition, in the model of this study, ROC analysis of the models was
performed using metrics such as AUC, which provided a more comprehensive performance evaluation.

In the study by Stackelberg et al. (2021) pH predictions were made using the Boosted Regression Tree
(BRT) method. The study specifically analyzed the impact of hydrogeological factors on model
performance. In this study, such detailed hydrogeological factors were not included, but pH prediction
performance was optimized with the LightGBM algorithm. In contrast to Stackelberg, the model of this
study uses the Kaggle dataset and conducts analyses based on a broader data base. This difference
reflects the diversity of the purpose and approach of the two studies.

Tziachris et al. (2020) compared machine learning models and hybrid geostatistical methods in pH
prediction. The study showed that Gradient Boosting and Random Forest algorithms were prominent.
Similarly, Random Forest and LightGBM algorithms were compared in this study. However, this study
does not include geostatistical methods and only compares machine learning algorithms. In this respect,
the two studies emphasize different methodological approaches.

The study by Koranga et al. (2022) evaluated eight regression and nine classification algorithms for
predicting water quality in Nanital Lake. The study emphasized that Random Forest and SVM were
effective. Our study, on the other hand, focused specifically on Random Forest and LightGBM algorithms.
In addition, the performance advantage of the LightGBM algorithm on high-dimensional datasets is
discussed in detail in this study. While Koranga's work presents a wider range of algorithms, this study
focuses on an in-depth comparison of the two algorithms.

4. Conclusion

This study demonstrated the effectiveness of Random Forest Regression and LightGBM
algorithms for the prediction of pH, an important parameter in water quality assessment. Both algorithms
were evaluated on a comprehensive dataset and LightGBM outperformed Random Forest in metrics such
as RMSE and R-squared. These results show that LightGBM is a powerful and effective tool for working
with large-scale and high-dimensional data, offering significant potential for real-time monitoring and
management of water quality. Through the use of machine learning models, this research contributes to
the literature on the application of advanced computational techniques in environmental monitoring.

In addition to the findings obtained in the study, combining different modeling techniques with the use of
hybrid approaches can lead to higher accuracy rates. In particular, the integration of geostatistical
methods and machine learning algorithms may allow for a more comprehensive assessment of
environmental factors. Including additional environmental parameters such as temperature, precipitation
and water flow rate in the dataset can improve pH prediction performance and improve the generalization
capability of the model. The use of longer-term datasets would be useful to measure the performance of
the algorithms in assessing seasonal variations and long-term trends. The advantages of the LightGBM
algorithm, such as low memory usage and fast training time, can make a significant contribution to the
development of systems that monitor water quality in real time. Furthermore, comparing other state-of-
the-art algorithms, such as XGBoost or deep learning-based methods, with the models used in this study
may provide an opportunity to evaluate the modeling performance in a broader perspective. In order to
increase the generalizability of the study, it is recommended to conduct analyses on data sets from
different water sources and to develop user-friendly software tools for public institutions and environmental
experts in line with the findings obtained. Such applications can contribute to developing faster and more
effective solutions to water quality problems.
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Elma Posasina Farkh Oranlarda Fig Tohumu ilavesinin Silaj Kalitesi, Yem Degeri ve
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Ozet: Bu galisma, gruplar arasinda kuru madde igerigi bugday samani ile esitlenerek hazirlanan elma posasi silajlarina, farkli
oranlarda fig tohumu (%3, 6 ve 9) ilavesinin; silaj kalitesi, yem degeri ve rumen fermantasyon parametreleri lizerine etkisini
belirlemek amaciyla yapilmistir. Calismada, in vitro gaz Uretim teknigi ve Ankom Daisy in vitro fermantasyon sistemi
kullaniimigtir. Denemede elma posasi (kontrol grubu), elma posasi+ %10 bugday samani, elma posasi+ %7 bugday samani+
%3 fig, elma posasi+ %4 bugday samani+ %6 fig, elma posasi+ %1 bugday samani+ %9 fi§ ilave edilerek 5 silaj grubu
olusturulmustur. Her bir silaj grubu 4 tekerrir olacak sekilde torbalarda vakumlanip fermantasyon igin 60 glin bekletilmistir.
Fermantasyon sonrasi agilan silaj numunelerinde yapilan analizlerde NH3, fleig puani, NDF, ADF, gaz Uretimi, gercek
sindirilebilir kuru madde, gercek sindirim derecesi, metabolik enerji, net enerji laktasyon, organik madde sindirim derecesi, kuru
madde sindirilebilirligi, nispi yem degeri, nispi yem kalitesi, taksimat faktor(i, mikrobiyal kazanim, mikrobiyal protein sentezleme
etkinligi ve bireysel ugucu yag asitlerinden asetik asit ile propiyonik asit degerlerinin énemli diizeyde etkilendigi belirlenmistir
(P<0.05). Gruplara ait pH, ham yagd, metan Uretimi ve metan yizdesi parametrelerinin muameleden etkilenmedigi tespit
edilmistir. Sonug¢ olarak, meyve sanayi isleme yan Urtinl olan elma posasinin kuru madde iceridi bugday samani ile artirilip
farkh oranlarda fig tohumu ilave edilmesi ile olusturulan silajlarda kalitenin arttigi ve in vitro sindirim degerlerinde olumlu etkiler
sagladigi tespit edilmigtir.

Anahtar Kelimeler: Elma posasi, fi§ tohumu, in vitro gaz, silaj, yem degeri

The Effects of Adding Different Levels of Vetch Seed to Apple Pomace Silages on
Silage Quality, Feed Value and Rumen Fermentation Parameters

Abstract: This study was conducted to determine the effects of adding different levels of vetch seed (3%, 6%, and 9%) to
apple pomace silages, which were prepared by equalizing the dry matter content with wheat straw, on silage quality, feed
value, and rumen fermentation parameters. The in vitro gas production technique and Ankom Daisy in vitro fermentation
system were used in the study. In the experiment, five silage groups were formed by adding apple pomace (control group),
apple pomace + 10% wheat straw, apple pomace + 7% wheat straw + 3% vetch, apple pomace + 4% wheat straw + 6% vetch,
and apple pomace + 1% wheat straw + 9% vetch. Each silage group was vacuum sealed in bags and fermented for 60 days.
Analysis of the silage samples after fermentation revealed that NH3, Fleig score, NDF, ADF, gas production, true digestible
dry matter, true digestibility, metabolic energy, net energy lactation, organic matter digestibility, dry matter digestibility, relative
feed value, relative feed quality, partitioning factor, microbial gain, microbial protein synthesis efficiency, and individual volatile
fatty acids, such as acetic acid and propionic acid, were significantly affected (P<0.05). It was also found that pH, crude fat,
methane production, and methane percentage were not influenced by the treatments. As a result, it has been determined that
the quality of silages created by increasing the dry matter content of apple pomace, which is a by-product of fruit industry
processing, with wheat straw and adding vetch seeds at different rates, increases and provides positive effects on in vitro
digestion values.

Keywords: Apple pulp, vetch seed, in vitro gas, silage, feed value
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1. Giris

Ruminant hayvan beslemede kaliteli ve ucuz kaba yemler kullanmak isletme karliligini artirdidi, hayvan saghgini
olumlu etkiledigi ifade edilmesine ragmen mevcut kaynaklar dikkate alindiginda Turkiye'de énemli miktarda kaliteli kaba
yem acidi oldugu bildiriimektedir (TAGEM, 2022, Kaya vd., 2022). Ulkemizde 2024 yili haziran ayinda 16 milyon 555
bin bilylikbas, 53 milyon 965 bin kiigiikbas, toplamda 70 milyon 519 bin 688 bas hayvan varligi bulunmaktadir (TUIK,
2024 a). Turkiye’de 2024 yili tahmini kaba yem Uretimi 80.8 milyon ton, ihtiya¢ 108,7 milyon ton oldugu toplam kaba
yemin ihtiyaci %74.8 oraninda karsiladidi rapor edilmistir (TAGEM, 2022). Ulkemizdeki kaba yem yetersizliginden dolayi
arastirmacilar, yem ureticileri ve hayvan yetistiricileri alternatif olabilecek yem kaynaklarini arastirmaya yonelmislerdir.
Ekonomik hayvan yetigtiriciligi icin kullanilan yem kaynaklarinin miktari ve kalitesinin artirilmasina ilave olarak daha
ucuz alternatif olabilecek olanlarinin kullanimi énemli olmasinin yaninda atik kaynakl gevresel kirliliginin énlenmesi
bakimindan degerlidir. Bu durum elma posasinin da iginde bulundugu meyve igleme sanayii yan Urlnlerinin Uretim
potansiyeli ve yem degeri agisindan alternatif yem kaynaklari olarak degerlendirilebilecegini ortaya koymaktadir.

TUIK verilerine gore Tirkiye’de 2024 yilinda 4.4 milyon ton elma iretimi gerceklesmistir (TUIK, 2024b). Elma
posasi, elma suyu Uretimi isleminde yan Urin olarak agiga ¢cikmakta ve atiklarin %25-35’ini olusturmaktadir. EIma
posasinin bilesimi, Gretimde kullanilan elmanin gesidine ve isleme asamasinda kullanilan preslemenin niteligine ve
tekrarina bagl olarak degisiklik géstermektedir (Suluk vd., 2018). Elma posasi kabuk, ¢ekirdek, tohum, ¢canak yaprak,
saptan ve yumusak dokudan olugsmakta, bilesiminde basit sekerler, az miktarlarda mineraller, proteinler, vitaminler,
hemiseliiloz, seliiloz, lignin ve fenolik bilesikler bulunmaktadir (Sulik vd., 2018). Yapilan ¢alismalarda, elma posasinin
%14.57 kuru madde, %0.42 ham kul, %1.04 ham protein, %3.65 ham yag, %33.35 ham seliloz, %14.15 organik madde,
% 25.20 ADF, % 30.10 NDF igerdigi bildiriimektedir (Yal¢inkaya vd., 2012; Gemalmaz ve Tanay 2016).

Meyve suyu isletmelerinden yil igerisinde ¢ok fazla elma posasi ortaya ¢ikmakta ve cgevre kirliligine yol
acmaktadir. Hayvan beslemede yem olarak de@erlendiriimesinde daha uzun silre muhafaza etmek posanin
silolanmasini ya da dehidrasyonunu gerektirmektedir (Kengoo vd., 2023).

Silaj, su icerigi yuksek olan yemlerin bir miktar kurutma (soldurma) isleminden sonra havasiz ortamda laktik asit
(sut asidi) bakterilerine maruz birakilarak meydana gelen, ruminant hayvan beslemede 6nem arz eden fermente kaba
yem kaynag@idir (Unal vd., 2024). Silaj calismalarinda genellikle fermantasyon siirecine yardimci olmak amaciyla, besin
ve enerji geri kazanimini iyilestirmek igin Ure, bugday samani, kuru ot, kurutulmus peynir suyu, 6gatilmus misir, melas
gibi cesitli silo katki maddeleri kullaniimaktadir (Yalginkaya vd., 2012, Yitbarek ve Tamir 2014). Silaj materyalinin KM
oranini artirmak i¢in saman gibi kuru madde (KM) orani yiksek olan bagska yem materyali ilavesi yapilabilir. Ancak
samanin protein oraninin dusuk olmasi ve lignin gibi sindirimi olumsuz yapilar icermesi silajin besin degerini
disureceginden besin degeri yiksek yem materyalleri ilave edilerek silaj kalitesi artirilabilir (Pirmohammadi vd., 2006).

Yapilan silaj galismalarinda, ruminant hayvanlarin protein olmayan nitrojen (NPN) tabiatindaki Grtnleri protein
kaynagdi olarak kullanabilme &zelliklerinden dolayi yem bitkilerinin ham protein igeriklerini artirmada silo katki maddesi
olarak Ure, nitrat gibi NPN kaynaklari kullanildidi ifade edilmektedir (Canbolat vd., 2014; Girsoy vd., 2022; Girsoy vd.,
2023). Ure silajin ham protein igerigini artirmak igin kullanilan katki maddesidir. Cok glgcli alkali zellige sahip olan ire
silolanan Griiniin pH’sini hemen 8-9 diizeyine gikarir ve fermantasyon agisindan istenmeyen bir durum olusturur. Ure
katilmis materyallerde pH dislUsu i¢in daha fazla asit Uretimine ihtiya¢ duyulacagindan KM kayiplarinin artacagi ve
beklenen faydalarin gérillemeyebilecedi ifade edilmektedir (Keles, 2017). Urenin en énemli dezavantaji silajda olmasi
istenen laktik asit bakteri sayisini distirmesi ve bdylece fermantasyon baslamasini geciktirmesidir (Yitbarek ve Tamir,
2014). Urenin toksititesinin olmamasi igin silolanan her bir ton taze Urline yaklasik 2-3 kg ure katilmasi ve sulandirilarak
homojen sekilde ilavesi ifade edilmektedir (Filya, 2000). Sulandirma isleminde silo yeminin kuru madde icerigi disme
riski olusur. Ayrica homojen karistirma yapilmaz ise veya nemi yuksek urtnlere katilirsa silaj tabaninda tre birikmesi
gorulir. Ure oraninin fazla oldugu bu kisimlardan tiiketen hayvanlarda zehirlenmelere sebep olur (Filya, 2000). NPN' i
bilesiklerin silolanan bitkilerin KM, NDF ve ADF sindirilebilirligini artirirken, ruminantlarin canli agirlik kazanci, sut verimi
ve yemden yararlanma duizeyi gibi Gnemli performans kriterlerini artirmadigi ifade edilmistir (Filya, 2000). Elma posasi
silaji protein icerigini artirmak amaciyla ure yerine fig tohumu katki maddesi olarak kullanimi ile yukarida ifade edilen
risklerin bertaraf edilmesi saglanabilir.

Fig yuksek ot verimi ve besin degeri nedeniyle kaba yem olarak kullanildidi gibi icerdigi yuksek seviyede protein
nedeniyle kesif yem amaci ile de yetistiriimektedir (URL, 2024). Yapilan bir galismada fi§g tohumunun % kuru madde,
ham kil, ham yagd, ham protein, NDF ve ADF degerleri sirasiyla 89.50, 2.69, 3.29, 25.41 ve19.74 olarak rapor edilmistir
(Isik ve Kaya 2020). Elma posasinin protein igerigini artirmak amaciyla Ure katki maddesi kullaniimis ¢alismalar
yapiimis olmasina ragmen ayni amagla fig tohumu ilave edilerek elde edilen silajlarin kalite, yem degeri ve in vitro
sindirilebilirlik Gzerine yuritilmus ¢alismalara rastlanmamistir.

Bu galisma, kuru madde icerigi bugday samani ile esitlenerek (yaklasik %33) hazirlanan elma posasi silajlarina,
farkli oranlarda fig tohumu (%3, 6 ve 9) ilavesinin; silaj kalitesi, yem degeri, in vitro sindirilebilirlik, gaz ve metan Uretimini
tespit etmek amaciyla yapiimistir.

2. Materyal ve Metod

Arastirmanin yem materyalini olusturan elma posasi Isparta ilinde bulunan 6zel bir fabrikadan (Eyiip Ulperen Yas
Meyve Ticareti), fij tohumu ve saman ise piyasadan temin edilmigstir. Silajlarin fiziksel ve kimyasal analizleri igcin Atatlrk
Universitesi Ziraat Fakiiltesi Zootekni Bolimi yem laboratuvarindaki imkanlardan yararlanilmistir. Fabrikadan temin
edilerek laboratuvara getirilen elma posasi kuru madde (KM) dlzeyi yaklasik %33 olacak sekilde bugday samani ile
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esitlenmis KM esasina gore farkh oranlarda (%3, 6, 9) fig tohumu ilave edilerek silajlar yapilmistir. Toplam 5 farkh silaj
deneme grubu; elma posasi (kontrol grubu (E0)), elma posasi+ %10 bugday samani (E1), elma posasi+ %7 bugday
samani+ %3 fig (E2), elma posasi+ %4 bugday samani+ %6 fig (E3), elma posasi+ %1 bugday samani+ %9 fig (E4)
seklinde olusturulmustur. Her gruptan 4 tekerrlr olacak sekilde hazirlanan karisimlar el yardimi ile silaj posetlerine
(25x35 cm) doldurulmus ve silaj Ornekleri vakum makinesi (Lavion DZ-100SS, Xiamen Yeasincere Industrial
Corporation, China) kullanilarak tamamen havasiz bir ortam elde edilinceye kadar vakumlanarak labaratuvar ortaminda
(yaklasik 25+2 °C) 60 glunlik fermentasyon igin bekletiimistir.

Denemede kullanilacak olan rumen sivisi, Erzurum Et ve St Kurumu kesimhanesinde 3 yasindan blyuk, G¢
blyukbag hayvandan, hayvanlar kesilir kesilmez Kili¢ ve Abdiwali (2016)’nin bildirdigi ydnteme gére adzi vidali kapakli
cam siseye alinmis, iginde yaklasik 39°C’de su bulunan kapakli termos konteyner ile Atatiirk Universitesi Ziraat
Fakiiltesi Zootekni Bolimi Yem Analiz Laboratuvari’'na getiriimis, CO2 gazi altinda doért kath tlilbentten slzildikten
sonra in vitro gaz uretimi ve Daisy incubator tekniginde kullaniimistir.

Silolama slresinin 60. glininden sonra acilan silaj numunelerinde pH ve amonyak azotu (NH3-N) igerikleri
belirlendikten sonra 48 saat slreyle 65°C’ de kurutma dolabinda kurutulmus ve 1mm elek ¢api olan degirmende
dgutulmistir. Ogutilen silaj numunelerinde KM, ham protein (HP), ham yag (HY) ve ham kil (HK) analizleri AOAC
(1990)’nin bildirdigi metoda goére, ham seliiloz (HS) analizleri Crampton ve Maynard (1938)"in bildirdikleri ydnteme gore,
noétr deterjan lif (NDF) ve asit deterjan lif (ADF) analizleri ise Van Soest vd. (1991)'nin bildirdigi metoda gére ANKOM
200 Fiber Analyzer (ANKOM Technology Corp. Fairport, NY, USA) cihazi kullanilarak tayin edilmistir.

Silajlarin pH analizleri i¢in 90 ml saf su i¢erisinde 10 gr silaj yemi bekletilip stizildikten sonra suiztintlide elektronik
0.01 hassasiyette dijital gostergeli elektronik pH metre (Sartorius, Basic PB-20, Goettingen, Germany) ile 6lgim
yapilmigtir. Silajlarin NH3-N icerigi kjeldahl distilasyon Unitesinde (Gerhadth, Bonn, Germany) AOAC (2000)’ye gore
belirlenmistir. Silo yemi kalitesini belirlenmek i¢in silo yemi pH ve kuru madde igeridi arasindaki iliskiden yararlanilarak
silo yeminin kalite sinifi, fleig puani Kilig (1986) tarafindan bildirilen formile gore hesaplanmistir.

[Fleig Puani = 220 + (2 x % Kuru madde - 15) - 40 x pH]

Yukarida verilen formile gore elde edilen fleig puanlari, pekiyi (81-100), iyi (61-80), orta (41-60), disik (21-40)
koétu (0-20) araliginda siniflandiriimasi yapilmistir.

2.1. Silajlarin Nispi Yem Degeri, In vitro sindirilebilirlik ile Nispi Yem Kalitesinin Belirlenmesi

Yem ham maddelerinin nispi yem degeri (NYD) kaba yemin i¢erdigi NDF, ADF ve hayvan tarafindan kaba yemin
tiketim yetenegiyle saglanabilecedi enerji dederinin tahminine dayanan bir metottur. NYD tam gicek dénemindeki yonca
kuru otunun %53 NDF ve %41 ADF igeriklerinden hesap edilen 100 degerini temel almaktadir (Rohweder vd., 1978).
Silaj gruplarinda kuru madde sindirimi (%KMS), kuru madde tiketimi (%KMT) ve NYD Ward ve Ondarza (2008)
tarafindan gelistirilen asagidaki esitlikler yardimiyla saptanmistir.

%KMS = 88.9- (0.779 x ADF % Kuru madde)

KMT (CA %’si) = 120 / (NDF % Kuru madde)

NYD = %KMS x %KMT /1.29

“The Hay Marketing Task Force of the American Forage and Grassland Council” tarafindan yapilan
siniflandirmaya gére NYD bakimindan yemlerde: >151 (en kaliteli), 151-125 (1. sinif), 124-103 (2. sinif), 102-87 (3.
sinif), 86-75 (4. sinif) <75 (5. sinif) kaliteyi ifade etmektedir (Abdiwali ve Kilg, 2018).

In vitro olarak kaba yemlerin nispi yem kalitesini (NYK) tespit etmek i¢in Daisy incubatdr cihazinda, silaj drnekleri
48 saatlik fermentasyona tabi tutulmus elde edilen sindirilebilirlik degerleri Ward ve Ondarza (2008) tarafindan bildirilen
asagidaki esitlikler kullanilarak hesaplanmis ve Marten vd. (1988) belirttigi skala dikkate alinarak degerlendirilmistir.

NYK= (Nisbi Yem Kalitesi) = KMT*TSBM/1,23

KMT (CA’In %’si olarak) =-2,318 + (0,442*HP) - (0,01*HP2) - (0,0638*TSBM) + (0,000922*TSBM2) + (0,180*ADF)
- (0,00196*ADF2) - (0,00529*HP*ADF)

TSBM= (NFCx0.98) + (HPx0.93) + (FAx0.97x2.25) + (NDFnxNDFS / 100) - 10

NFC= Lifsiz karbonhidrat (Kuru maddenin ytzdesi olarak) = 100-NDFn+HP+HY+HK

FA=Yag asitleri= Ham yag-1

NDFn= Azotsuz NDF= NDF*0,93

NDFDp = 22.7 + .664*NDFS

NDFS %=NDF sindirilebilirligi (Daisy 48 saat) = NDFS=100 — (((D2-D1) / (D3-D4) * 100)

(D1: F57 slizgeg torbalarinin darasi, D2: Ankom 200/220 seliiloz tayin cihazinda NDF sollisyonunda islem gorip
etlivde kuruyan drnek igerigi; D3: 6rnegin % NDF igerigi, D4: drnegdin KM icerigi)

Yukaridaki formile gore Nispi yem kalite;>140 (cok iyi),110-139 (iyi), 90-109 (orta), <75 (kotu) standartlar
arasinda siniflandiriimigtir.

2.2. In Vitro Gaz Uretimi ve Gergek Sindirim Derecelerinin Belirlenmesi

Deneme materyali yem drneklerine ait 24 saatlik gaz tretim miktarlarinin élgiilmesinde in vitro gaz (IVG) lretim
teknigi modifiye edilerek uygulanmistir (Menke vd., 1979). Silaj érneklerinden 200 miligram silaj 6rnekleri 100 ml hacime
sahip cam siringalar icerisinde 40 ml tampon ¢6zelti iceren rumen sivisi ile 39 °C sicakliktaki su banyosunda 24 saatlik
inkiibasyon iglemi icin bekletilmis (Menke vd., 1979) metan miktari (%) infrared Metan Analiz cihazi ile (Sensor Europe
GmbH, Erkrath, Germany) tayin edilmistir. Toplam gaz Uretimin okunmasinin ardindan enjektérler igcindeki gaz plastik
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enjektdr yardimi ile metan analizériine alinarak, metan Uretimi (ml) toplam gazin ylizdesi olarak, asagida bulunan formiil
ile elde edilmistir (Goel vd., 2008).

Metan uretimi(ml) = toplam gaz Gretimi(ml)* metanin yizdesi (%)

Gazlari alindiktan sonra siringada kalan yem o6rnekleri ve rumen sivisi Van Soest vd. (1991) bildirildigi gibi
hazirlanan NDF ¢ozeltisi icerisinde 1 saat kadar kaynatiima islemi yapilmistir. Kaynama sonrasi Blummel vd. (1997)'nin
bildirdigi formuller ile gergek sindirim degerleri ve mikrobiyal protein tespit edilmistir.

GSD (gercek sindirim degeri, %) = ((inklibe edilen KM (mg)-Kalan km (mg)) /inkibe edilen KM (mg))*100

GSKM (gergek sindirilebilir kuru madde) (mg) = inktbe edilen KM (mg)- Kalan KM(mg)

TF (taksimat faktorii) = GSKM/GU (gaz uretimi)

MPU (mikrobiyal protein dretimi) = (GSKM-(2.2 * Gaz Uretimi))

MPSE= ((GSKM-(2.2*Gaz Uretimi)) / GSKM) * 100.

Deneme ve kontrol gruplarinin organik madde sindirilebilirlik degerleri (OMS, %), Menke ve Steingass (1988)’in
bildirdigine gore asagdida sunulan forml yardimiyla tespit edilmistir.

OMS (%)= 14.88+0.889 GU + 0.45 HP + 0.65 HK

Yemlerin metabolik enerji (ME) ve net enerji laktasyon (NEL) dederleri, Menke ve Steingass (1988)'in bildirdigi
asagida verilen formul yardimi ile hesaplanmistir.

ME (MJ/kg KM) = 1,68 + 0.1418 x GU + 0.073 x HP + 0.0217 x HY-0,028*HK

NEL (MJ/kg KM) = -0,06+0,1047 x GU + 0.049 x HP + 0.0130 x HY-0,010 x HK

2.3. Rumen pH ve Rumen Amonyak (NH3) Azot Tayini

In vitro inklibasyon sonrasi tampon ¢ozelti iceren rumen sivisi karisimindan her muamele grubu igin 4’er paralel
ornek alinip pH 6lgimu yapiimistir. pH dlgiminin ardindan érnekler, amonyak azotu (NH3-N) analizi icin Kjeldahl
cihazindaki destilasyon Unitesine yerlestirilip Markham (1942)'nin bildirdigi gibi tayin edilmistir.

2.4. Ugucu Yag Asit Tayini

In vitro ortamda rumen sivisi ile fermantasyon sonunda cam siringalardaki sivida asetik asit, batirik asit ve
probiyonik asit Wiedmeier vd. (1987)'nin yéntemine gdre tayin edilmistir. inkiibasyon sonunda cam siringalar iginde
meydana gelen ugucu yag asitlerini belirlemek igin, rumen sivilar 4 katli tulbent ile sGztImuUs ve edinilen suzukler, 50
ml’lik plastik falkon tiplerin icerisine alinip 5 dakika 3000 rpm’de satriflj edilmistir. Santriflij isleminin ardindan elde
edilen stizglun Ust kisminda biriken serumdan 10-20 ml alinarak polietilen santrifij tiplerine aktariimistir. Sonrasinda
ise 1 ml %25’lik fosforik asit Uzerlerine eklenmigtir. TUplerin agzi kapatilip 4 0C’de 10-15 dakika 14.000 rpm’de santrifuj
edilmistir. Bu islemin ardindan Ustte biriken sividan, partikiil gelmeyecek sekilde gaz kromotografi cihazina uygun 1,5
ml'lik cam vialler igerisine konup analizler yapilana kadar -20 0C’de depolanmistir. Analiz edildigi donemde 6rnekler
derin dondurucudan ¢ikartilarak 20 dakika 10.000 rpm’de santriflj edilerek ¢ézindurilmustir. Rumen sivisinda ugucu
yag asitleri Agilent 6890N marka gaz kromotografi cihazinda, gereken kolon (Agilent Technologies 6890N gaz
kromotografisi, Stabilwax-DA, 30m, 0.25 mm ID, 0.25 um df, Max. Temp:260 0C. Cat. 11023) ve program segilerek
tespit edilmigtir.

2.5. istatistiksel Analiz

Elde edilen veriler SPSS 20 paket programinda varyans analizine tabi tutulmustur. Gruplara ait ortalamalarin
karsilastirimasinda ise Duncan ¢oklu karsilastirma testi (Duncan, 1955) kullaniimigtir.

3. Bulgular Ve Tartisma

Denemede silolama dncesi kullanilan yem materyallerinin besin madde icerikleri (kuru madde (KM), ham kul
(HK), ham protein (HP), ham yag (HY), asit deterjanda ¢éztiinmeyen lif (ADF), nétr deterjanda ¢dzinmeyen lif
(NDF), metabolik enerji (ME)) Cizelge 1'de sunulmustur.

Cizelge 1. Silaj materyallerinin besin madde icerikleri (%)

Yem maddeleri KM HK HP HY ADF NDF

Elma posasi 23.00 2.16 7.62 7.07 47.43 61.73
Bugday samani 92.03 14.87 2.87 1.97 50.80 83.27
Fig tohumu 89.22 6.98 29.81 1.48 12.61 19.02

KM: kuru madde, HK: ham kul, HP: ham protein, HY: ham yag ADF: asit ¢ézicllerde ¢éziinmeyen lifli bilesikler,
NDF: nétr ¢éziculerde ¢ézinmeyen lifli bilesikler, ME: metabolik enerji
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Kuru madde igerigi bugday samani ile esitlenerek (yaklasik %33) hazirlanan elma posasi silajlarina, farkl
oranlarda fig tohumu (% 3, 6 ve 9) ilavesi ile olusturulan silaj gruplarina ait ortalama besin madde icerikleri ve
varyans analiz sonuglari Cizelge 2’ de verilmistir.

Cizelge 2. Deneme Gruplarina Ait Ortalama besin madde igerikleri (KM'de %) ve varyans analiz sonuglari

Parametreler EO El E2 E3 E4 OSH P
HK 1.50¢ 2.12@0 2.472 2.402 1.b§ 0.48 0.007
HP 8.53¢ 7.99¢ 9.35P 9.42b iS. 1.86 0.001
a
HY 0.87 0.81 0.85 0.82 (())?3 0.07 0.767
ADF 39.512 39.462 38.12b 36.73°¢ 25;j 1.83 0.001
NDF 52.86bP 54,272 52.15bP 51.92b 23 1.73 0.001
C
HS 26.512 26.552 27.002 24.81b gib 1.51 0.004
02

EO: elma posasi (kontrol), E1: elma posasi +%10bugday samani, E2: elma posasi+%7bugday samani+%3 fig, E3:
elma posasi+%4 bugday samani+%6fig, E4: elma posasi+%1bugday samani+%9fig, HK: ham kil, HP: ham
protein, HY: ham yag, ADF: asit ¢dzlculerde ¢oézinmeyen lifli bilesikler, NDF: nétr ¢ézicilerde ¢déziinmeyen lifli
bilesikler, HS: ham sellloz, OSH: ortalamanin standart hatasi, P: ayni situnda farkl harflerle gosterilen ortalamalar
arasindaki farkhhklar istatistiki agidan énemlidir (p<0.05).

Deneme gruplarina ait yemlerin kimyasal kompozisyon dederlerinin istatistik analizinde HY harig farkliliklarin
onemli oldugu tespit edilmistir (p<0.01). Silajlarin HK ve HP igeriginin katki maddelerinin igeriginden dolayi énemli
dizeyde arttigi tespit edilmistir (P<0.01). Deneme gruplari arasinda HP igerigi en yiksek elma posasina %9 fig
tohumu ilave edilen E4 silaj grubunda (%13.06) bulunurken; en dislk elma posasina yalnizca bugday samani
ilave edilen E1 silaj grubunda (%7.99) olmustur. Mevcut ¢alismadan elde edilen sonuglardan farkli olarak Kengoo
vd. (2023)'nin %85 elma posasi ve %15 bugday samani ile yaptiklari silajin HP degerinin %6.52; Canbolat
(2022)'nin %2.5 ure ilaveli elma posasi silajinin HP degerinin %11.29 oldugunu rapor etmislerdir. Posalardaki besin
madde farkliliklarinin isletmeden isletmeye degisebilecegi belirtiimistir (Kaya, 2016). Mevcut galisma ile diger
calisma sonuglari arasindaki farkliliklar elma posasinin farkh isletmelerden elde edilmesi ve degisik katki
maddelerinin ilavesinden kaynaklanmis olabilir.

Kuru madde igerigi bugday samani ile esitlenen elma posasi silajlarina, farkh oranlarda fi§ tohumu (% 3, 6
ve 9) ilavesinin ADF, NDF ve HS degerlerine etkisinin anlamli oldugu tespit edilmistir (p<0.01). En ylksek ADF ve
NDF degerleri elma posasina %10 saman ilaveli E1 deneme grubunda (sirasiyla %39.51, 54.27) bulunmasi
bugday samaninin yiksek ADF, NDF icerigine sahip olmasindan kaynaklanabilir. Yemlerin kalitesi hakkinda yorum
yapmayi! saglayan asit deterjanda ¢oézinmeyen lif (ADF) igerigi yliksek olan yemlerin daha disuk enerji ve
sindirilebilirlige sahip oldugu rapor edilmektedir (Kutlu 2008). EIma posasina fig tohumu ilavesiyle yapilan silajlarda
NDF ve ADF degerlerinde meydana gelen azalma yemin sindirebilirdik derecesine olumlu yonde katki sagladigini
gostermektedir. Mevcut ¢alismadaki elma posasinin NDF ve ADF duzeyleri Kaya (2016)’'nin yaptigi ¢calisma ile
benzerlik gostermistir. Mevcut ¢calismada en dusik HS dederi E4 muamele grubunda (%24.02), en yiksek HS
degeri %10 oraninda bugday samani bulunan E2 grubu (%27.00) ve istatistiksel olarak benzer olan katkisiz elma
posasi silaj grubunda (EO) (%26.51) tespit edilmigtir. E2 grubunda saman ilavesi EO grubunda ise posanin elma
kabugu, ¢ekirdedi gibi unsurlari icermesi HS icerigini artirdig1 disundlmektedir.

Silaj gruplarinin KM, pH, Fleig skoru ile NHs azotu igeriklerine ait ortalama degerler ve varyans analiz
sonuglari Cizelge 3’ te sunulmustur. Yapilan analiz sonucuna gdére elma posasina bugday samani ve fig tohumu
ilavesi ile olusturulan silajlarin KM’si katkisiz elma posasi silajina gore yuksek oldugu tespit edilmistir (p<0.01).
Mevcut calismadan elde edilen degerler %50 seker pancari yapragi ve %50 elma posasi ile yapilan silaj
denemesinden yiksek (Ulger vd., 2015), elma posasli, saman ve %0.1 ire ilaveli silaj denemesinden elde edilen
degerlerden dusik (Yalginkaya vd., 2012) oldugu gérulmustar.

Cizelge 3. Deneme gruplarina ait KM, pH, Fleig skoru ile NH3 Azotu igeriklerine ait ortalama degerler ve varyans
analiz sonuclari

Parametreler EO El E2 E3 E4 OSH P

Kuru Madde(%) 20.01°b 27.652 28.592 28.68?2 28.572 0.39 0.001
NHs3 Azotu 0.35% 0.382 0.343 0.362 0.29° 0.47 0.048
pH 3.99 4.02 4.08 4.09 4.13 0.03 0.077
Fleig Skoru 85.54 99.602 99.082 97.462 98.432 1.66 0.001

EO: elma posasi kontrol, E1: elma posasi +%10 bugday samani, E2: elma posasi+%7 bugday samani+%3 fig,
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E3:elma posasi+%4 bugday samani+%6fig, E4: elma posasi+%1bugday samani+%9fig, OSH: ortalamanin
standart hatasi, P: ayni situnda farkli harflerle gosterilen ortalamalar arasindaki farkliliklar istatistiki agidan
onemlidir (p<0.05).

NHs azotu degerleri bakimindan deneme gruplari arasindaki farkliliklarin dnemli oldugu tespit edilmistir (p<0.01).
Yemde bulunan proteinin pargalanmasi ile olusan NH3z azotu dederleri en disik 0.29 ile E4 grubunda belirlenirken,
en yuksek deger 0.38 ile E1 grubunda bulunmustur. Mevcut deg@erler, fig yem bitkisine %2 ile %4 oranlarinda ilave
edilen seftali posasi, kayisi posasi ve melas ilave edilen silajlarda (Gursoy vd., 2024) elde edilen NH3
degerlerinden dusik bulunmustur. Kuru madde igerigi bugday samani ile esitlenerek hazirlanan elma posasi
silajlarina, farkli oranlarda fi§g tohumu ilavesi ile olusturulan silaj gruplarina ait pH degerleri Gizerine énemli etki
yapmadigi tespit edilmistir (P>0.05). Cizelge 3’te gorilecegi gibi deneme silajlarinin pH degerleri iyi bir silajda
olmasi gereken degerler olan 3.8-4.2 arasinda degismektedir.

Silaj kalitesi belirlenmesinde kuru madde ve pH degerinden faydalanarak rakamsal olarak Flieg puani (FP)
seklinde degerlendirme yapilabilir (Kilig, 1986). Cizelge 3'de goruldigu Uzere gruplar arasinda FP bakimindan
gorilen farkliliklarin 6nemli oldugu tespit edilmistir (P<0.01). FP’ye gore silaj kalitesi dederlendirildiginde butin
gruplar pekiyi sinifina girdigi belirlenmistir. En disik FP degeri kontrol (EQ) grubunda (85.54) gérilmesine ragmen
yuksek FP degerleri bugday samani ve fig tohumu ilaveli gruplarda (E1, E2, E3, E4) sirasiyla 99.60, 99.08, 97.46,
98.43 olarak bulunmustur. Elma posasi silajina bugday samani ve fi§g tonumu ilavesi silaj kuru madde igerigini
artirmasi FP degerini olumlu etkiledigi belirlenmistir. Mevcut calismada bulunan degerler Ulger vd. (2015) bildirdigi
degerden (61.39) ylUksek, yonca silajina %10 elma posasi ilave edilerek yapilan silaj ¢alismasindan (Ciftci vd.,
2005) (96,92) ve Yorik vd., 2014’in %30 KM igeren bugday samani (BS) ve fig kirmasi (FK) ilaveli seker pancari
silajindan elde edilen degerlerle (BS:84.87; FK:84.91) benzer aralikta oldugu tespit edilmistir.

Deneme gruplarina ait 24 saatlik in vitro gaz ve metan uretim degerleri (gaz (ml), metan (ml, %)), metabolik
enerji (MJ/kg, KM), net enerji laktasyon (MJ/kg, KM) ve organik madde sindirim derecesi (%) Cizelge 4'de
verilmistir.

Cizelge 4. Deneme Gruplarinin 24 Saatlik In Vitro Gaz ve Metan Uretim Degerleri, Tahminlenen Parametrelerin
Varyans Analiz Sonuglari

Parametreler EO El E2 E3 E4 OSH P

Gaz(ml) 44.032 41.08¢ 42.18¢c 43.47% 43.17% 0.53 0.009
Metan(ml) 4.93 4.79 4.96 5.03 5.81 0.39 0.406
Metan (%) 11.17 11.65 11.72 11.62 13.37 1.75 0.486
ME( Mj /kg KM) 8.662° 8.23¢ 8.45P 8.632 8.842 0.24 0.001
NEL( Mj /kg KM) 5.0820 4.78¢ 4.94b 5.0620 5.22 0.17 0.001
OMS 58.83° 56.37¢ 58.19b 59.32a 60.592 1.68 0.001

EO: elma posasi (kontrol), E1: elma posasi +%10budday samani, E2: elma posasi+%7budday samani+%3 fig, E3:
elma posasi+%4 budday samani+%6fig, E4: elma posasi+%1bugday samani+%9fi ME: metabolik enerji, NEL:
net enerji laktasyon, OMS: organik madde sindirimi, OSH: ortalamanin standart hatasi, P: istatistiki 6nemlilik
dlzeyi a-d; ayni sutunda farkli harflerle gosterilen ortalamalar arasindaki farkliliklar istatistiki agidan énemlidir
(p<0.05).

Bugday samani ile KM igerigi artirilan elma posasi silajina fig tohumu ilavesi metan dretimi hari¢ incelenen
diger parametreleri (gaz Uretimi, ME, NELve OMS) 6nemli derecede etkilemistir (P<0.01). In vitro gaz (IVG) uretim
teknidi ile 24 saat fermentasyona tabi tutulan deneme gruplarinda 6él¢llen gaz uretim degeri en fazla EO (44.03ml)
muamele grubunda en dusik gaz tretimi ise E1 (41.08 ml) muamele grubunda bulunmustur. Yapilan bir calismada
(Boga vd., 2020) yem veya yem karigimlarin yapisindaki ADF ve NDF’nin gaz Uretimi ile iliskili oldugunu ve bu
degerlerin dismesinin gaz Uretimini artiracagini belirtmislerdir. Mirzaei- Aghsaghali vd. (2011) ise elma posasinin
besin degerini in vitro gaz uretim teknigini kullanarak belirmek amaciyla yaptigi bir gcalismada ylksek gaz dretim
oranini muhtemelen mikrobiyal populasyonun karbonhidrat fraksiyonlarina kolayca ulasilabilmesinden etkilendigini
saptamiglardir. Mevcut ¢alismadan farkl olarak Kara vd. (2018) yas esasa gore %100 nar posasi, %100 elma
posasi ve %50 nar posasi+ %50 elma posasi karigimi olacak sekilde hazirladiklari silajlarin in vitro gaz, metan
uretimi, organik madde sindirilebilirligi, ME ve NEL deg@erlerini yalnizca elma posasi silajinda sirasiyla 32.44, 18.15,
41.52, 6.89 ve 3.29 olarak rapor etmiglerdir. Khatooni vd. (2014), 24 saatlik inkiibasyonda %80 elma posasi+%20
yonca kuspesi karisiminin in vitro gaz Uretiminin 67,17 mL/0,2 g KM olarak gergeklestigini ifade etmigslerdir.
Sunulan ¢alismada deneme silajlarinda katki maddesi bugday samani azaldikga NDF ve ADF degerlerinin azaldigi
(Cizelge 2) gaz Uretim degerlerinin istatistiksel olarak arttii (Cizelge 4) gértulmektedir.

Yoruk vd. (2014) bugday samani, yonca samani ve fi§ karistirilarak KM dizeyleri %20, %25 ve %30’'a
cikarilan seker pancari posasi silajlarinin bazi silaj kalite kriterleri ve rumende KM yikilabilirliklerini naylon kese
yontemi ile inceledikleri gcalismalarinda, mevcut deneme ile benzer olarak bugday samanl gruplarda kuru madde
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yikilabilirliginin artan kuru madde dizeyleri ile ters orantih olarak 6énemli derecede (P<0.05) azaldigini ifade
etmislerdir. Mevcut calismadan elde edilen degerler, elma posasina %2.5 ire ilave katkili galismada (Canbolat,
2022) belirlenen gaz Uretim degerleri (51.31ml) ve elma posasinin besin degerini in vitro gaz Gretim teknigini
kullanarak 24. saatlik gaz Uretim degerlerinin belirlendigi calismada (Mirzaei-Aghsaghali vd., 2011) dlglilen gaz
Uretim degerlerinden (58.92 ml/0.2 g DM) disik bulunmustur. Kuru madde iceridi bugday samani ile esitlenerek
hazirlanan elma posasi silajlarina, farkh oranlarda fig tohumu (%3, 6 ve 9) ilavesi olusturulan IVG uretim teknigi ile
24 saat fermentasyona tabi tutulan deneme gruplarinda belirlenen metan Uretimi ve metan payr 6nemli
bulunmamistir (P>0.05). Ruminant hayvanlar yagsama ve verim payi ihtiyaglari i¢in gerekli olan enerji (ME, NEL)
ihtiyaclarini gunluk tikettikleri yem karisimlarindan saglamaktadirlar (Géncu ve Kaya 2024). Menke vd. (1979) 0.2
gr/ml'de fermentasyon sonucu olusan 24 saatlik gaz degerinin, enerji donisim formuline ilave edilmesinin,
yemlerin ME ve NEL deg@erlerinin isabet derecesini artiracagini ifade etmislerdir. Gaz Uretim teknigi ile Uretilen gaz
miktarlarindan faydalanarak hesaplanan ME, NEL ve organik madde sindirim degeri (OMS) icin en disuk degerler
(sirasiyla 8.23 Mj/kg, 4.78 Mj/kg ve 56.37) E1 muamele grubunda, en yiiksek (sirasiyla 8.84 Mj/kg, 5.2 Mj/kg ve
60.59) E4deneme grubunda tespit edilmistir (Cizelge 4). Mevcut calismada ME ve NEL parametrelerine ait degerler
bazi gcalismadan elde edilen degerlerden yiiksek (Ulger vd., 2015; Unal vd., 2024) bazi denemelerden ise diisiik
(Mirzaei-Aghsaghali vd., 2011; Kara vd., 2018; Canbolat, 2022) oldudu belirlenmistir. Sunulan ¢alismada elma
posasinin OMS degeri Kara vd. (2018)’in yaptiklari calismada elde ettikleri degerden (41.52) yuksek oldugdu tespit
edilmistir. Mevcut calismada elma posasi silajlarinin in vitro gaz ve metan uretimi ile tahminlenen parametre
degerlerinin diger calismalardan elde edilen degerlerden farkl olmasi posada uygulanan iglemler (meyve suyu,
meyve konsantresi, etanol Gretmek vb.), yapisal besin bilesimi, fermantasyonun stiresi ve kosullari ile iliskili olabilir.

In vitro teknigi, ruminant hayvanlarin beslenmesinde kullanilan yemlerin sindirim degerini laboratuvar
sartlarinda hesaplayabilmek i¢in rumen ortami taklit edilerek uygulanan bir yontem oldugu ifade edilmektedir
(Gursoy vd., 2023). Elma posasina bugday samani ve fig tohumu ilavesi ile olusturulan silajlarin in vitro sindirim
parametrelerine ait ortalama degerler ve varyans analiz sonuglari Cizelge 5’de sunulmustur.

Cizelge 5. In Vitro Sindirim Parametrelerine Ait Ortalama Degerler ve Varyans Analiz Sonuglari

Parametreler EO El E2 E3 E4 OSH P

GSKM(mg) 182.19b 181.17° 194.262 203.212 180.00¢ 10.9 0.001
TF(mg/ml) 2.28° 2.4320 2.542 2.582 2.29b 0.15 0.002
MK(mg) 6.92¢ 17.63bc 26.322 30.132 6.92¢ 12.02 0.001
MPSE 3.77° 9.702 13.412 14.732 3.76° 5.78 0.001
GSD(%) 35.65 35.46b 38.132 39.922 35.39P 2.16 0.001

EO: elma posasi (kontrol), E1: elma posasi +%10bugday samani, E2: elma posasi+%7budday samani+%3 fig,
E3: elma posasi+%4 budday samani+%6fig, E4: elma posasi+%1budday samani+%9fig, GSKM: Gergek
sindirilebilir kuru madde, TF: taksimat faktort, MK: mikrobiyal kazanim, MPSE: mikrobiyal protein sentezleme
etkinligi, GSD: gercek sindirim derecesi, OSH: ortalamanin standart hatasi, P: istatistiki 6nemlilik dizeyi a-d; ayni
sutunda farkl harflerle gésterilen ortalamalar arasindaki farkliliklar istatistiki agcidan énemlidir (p<0.05).

Silaj gruplarina ait gergek sindirilebilir kuru madde (GSKM), taksimat faktori (TF), mikrobiyal kazanim (MK),
mikrobiyal protein sentezleme etkinligi (MPSE) ve gercek sindirim derecesi (GSD) degerlerinin muameleden
etkilendigi tespit edilmistir (P<0.01). incelenen parametreler bakimindan en yilksek degerler E3 ve E2 silaj
gruplarinda benzer olarak bulunurken EO, E1 ve E4 silaj gruplan diger gruplara gére daha dusuk degerler
gOstermis ve benzer oldugu tespit edilmistir. TF degderi yiksek olan yemlerin mikrobiyal protein sentezleme
etkinliginin yiiksek oldugu (Ozkan vd., 2020) ifadesine uyumlu olarak sunulan calismada TF degeri yliksek olan
yemlerin mikrobiyal protein sentezleme etkinliginin yiksek oldugu gdriulmektedir. Mevcut calismada elde edilen
GSKM, GSD, TF, MK ve MPSE degerleri, yem bitki karisimina %4,5 melas, gladigya ve kegiboynuzu kirgi ilave
edilerek yapilan silajlara ait degerlerden (Gursoy vd., 2023) ve fig yem bitkisine %2 ile %4 oranlarinda seftali
posasl, kayisi posasi ile melas ilave edilerek olusturulan silajlara ait degerlerden (Gursoy vd., 2024) dusuk
bulunmustur. Calismalar arasindaki farkliliklar yem materyallerinden kaynaklanmis olabilir.

Silaj gruplarina ait ortalama kuru madde sindirimi (KMS), kuru madde tiketimi (KMT) ve nispi yem degeri
(NYD) ile 48 saatlik Daisy sindirim parametrelerine (toplam sindirilebilir besin maddeleri (TSBM), NDF sindirimi
(NDFS), nispi yem kalitesi (NYK)) ait ortalama degerler ve varyans analiz sonuglari Cizelge 6’ da verilmigtir.
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Cizelge 6. Deneme Gruplarinin KMS, KMT ve NYD ile 48 saatlik Daisy Sindirim Parametrelerine Ait Ortalama
Degerleri ve Varyans Analiz Sonugclari

Parametreler EO El E2 E3 E4 OSH P

KMS (%) 58.11¢ 58.15¢ 59.19v 60.282 61.602 1.42 0.001
KMT (CA %) 2.27° 2.21¢ 2.30b 2.31b 2.432 0.02 0.001
NYD 102.27¢ 99.69¢ 105.62° 108.03° 115.992 1.06 0.001
TSBM 60.28ab 58.48 61.122 62.432 62.702 0.79 0.011
NDFS (%) 39.62ab 32.68°¢ 37.96° 41.152 39.762 0.81 0.001
NYK 122.50¢d 113.51¢ 129.74bc 137.23ab 145.552 3.87 0.001

EOQ: elma posasi (kontrol), E1: elma posasi +%10 bugday samani, E2: elma posasi+%7 bugday samani+%3 fig,
E3: elma posasi+%4 bugday samani+%6 fig, E4: elma posasi+%1 bugday samani+%9 fig, KMS: kuru madde
sindirimi, KMT: kuru madde tuketimi, NYD: nispi yem degeri, TSBM: toplam sindirilen besin madde, NDFS: NDF
sindirimi, NYK: nispi yem kalitesi, OSH: ortalamanin standart hatasi, P: istatistiki énemlilik dizeyi a-d; ayni
sutunda farkh harflerle gosterilen ortalamalar arasindaki farkliliklar istatistiki agidan énemlidir (p<0.05).

Deneme gruplarindan elde edilen KMS, KMT, NYD, TSBM, NDFS ve NYK degerlerinin muameleden
etkilendigi tespit edilmistir (P<0.01). Yalnizca elma posasi (EO) ve elma posasi + %10 bugday samani (E1) ilaveli
gruplarda KMS degerleri benzer etki gosterirken, elma posasina bugday samani yerine artan seviyelerde fi§
tohumu ilavesiile olugturulan deneme gruplarinda (E2, E3, E4) KMS degerinin seviye ile birlikte arttigi belirlenmistir
(Cizelge 6). KMT degeri en yuksek %2.43 ile E4 muamele grubunda elde edilirken, en dusuk %2.21 ile E1 muamele
grubunda bulunmustur (P<0.01). Mevcut ¢alismada E1 muamele grubundan elde edilen KMT degerleri, havug
posasi+bugday samani ile olusturulan silaj ¢alismasindan (Kandemir, 2022) elde edilen degerlerle paralellik
goOstermistir. NYD degeri arttikga silajin kalite seviyesi de artmaktadir. En ylksek NYD degeri 115,99 ile E4
muamele grubunda bulunurken en disuk NYD degeri 99.69 ile E1 muamele grubunda bulunmustur. NYD
hesaplanirken protein igerigi goéz 6nliine alinmaz fakat daha yiksek NYD degerleri genelde daha yilksek protein
icerigi ile alakal oldugu ifade edilmektedir (Stallings, 2006). Mevcut ¢alisma Stallings (2006)’nin ifadesini dogrular
niteliktedir. Mevcut c¢alismada E1 muamele grubundaki NYD degeri Kandemir (2022)in yaptidi havug
posasi+bugday samani ile olusturulan silaj deneme grubundan elde edilen deger (100.77) ile benzer, diger
muamele gruplarinin NYD degerleri ise Havug Posasi+Fig+Yulaf Kuru Otu Silaj gruplarindan elde edilen degerden
(154.15) dusik bulunmustur. Bu galismada Rohweder vd. (1978) tarafindan gelistirilen, kalite standartlari cetveli
kullanilarak NYD bakimindan kalite sinifi degerlendirildiginde E2, E3, E4 muamele gruplari 2. kalite sinifinda yer
aldigi EO ve E1 silaj gruplarinin ise 3. kalite sinifinda bulundugu tespit edilmistir. NYD hesaplanirken NDF ve ADF
analiz de@erleri temel alinmakta ve yemlerin NDFS (NDF sindirimi) belilenmemektedir. Bu sebeplerden dolayi,
kaba yemlerin kalitesini belirlenmesinde kullanilan NYD yetersiz kalmaktadir. Bu durumda kaba yem tuketimini
tahmin etmek icin gelistirilen NYK kaba yemlerin kalitesi hakkinda dnemli bilgiler vermektedir (Elfaki, 2024). Kaba
yemlerin kalitesini test etmek Uzere gelistirilen NYK, NYD' ye benzer olarak kabul edilmekte ancak hesaplamada
KMS yerine TSBM kullanmakta ve sindirilebilir seltilozu icermekte ayrica hayvan performansini daha fazla temsil
ettigi ifade edilmektedir (Elfaki, 2024). NDF sindirilebilirligi, yemdeki enerjinin daha kesin bir tahminini saglar ve
birgok laboratuvar lif sindirimini dikkate almak icin in vitro NDF sindirilebilirligini kullanmaktadir (Stallings, 2006).
En ylksek NYK degeri E4 (145.55) muamele grubu, en disik E1 (113.51) muamele grubunda bulunmustur.
Mevcut calismadan elde edilen veriler, Marten vd. (1988) ve NRC (2001) tarafindan bildirilen esitlik ve skala
kullanarak degerlendirildiginde E4 muamele grubu ¢ok iyi kalitede EO, E1, E2 ve E3 muamele gruplari iyi kalitede
oldugu belirlenmistir. Bu ¢alismadaki NYK degerleri hasat sonrasi arta kalan domates bitkisine saman, melas,
Ure+melas, arpa ve mikrobiyal inokilant ilavesi yapilan silaj calismasindan (Elfaki, 2024) elde edilen degerlerden
(165.07) dusik oldugu tespit edilmistir. Kaba yemlerde NDFS, rasyonun enerji dederi Gzerinde dnemli bir etkiye
sahiptir. Nitekim, artan NDF sindirilebilirliklerinin, kaba yemlerin enerji degerini ylkselttigi rapor edilmektedir (Elfaki,
2024). Sunulan galismada elde edilen degerler bazi arastirmalardan elde edilen degerlerden disik (Kdksal, 2020;
Hassan, 2023) veya yuksek (Keklik¢i, 2017) bulunmustur. Kuru madde igerigi bugday samani ile esitlenerek
hazirlanan elma posasi silajlarina, farkl oranlarda fig tohumu (%3, 6 ve 9) ilavesi ile olugturulan silaj gruplarinda
gerek TSBM gerekse NYK degerleri silaj materyaline fi§ katiimasi ile arttigi tespit edilmistir. Bu artis yem
materyalindeki lifli bilesenlerin sindirilebilirlik derecelerinin artmasi ile iligkili olabilir.

Deneme gruplarina ait rumen pH’si, bireysel ugucu yag asidi (UYA) ile NH3-N degerleri ve varyans analiz sonuglari
Cizelge 7°de sunulmustur. Silaj gruplarina ait rumen pH, asetik asit, probiyonik asit ve NH3-N ortalama degerleri
arasinda 6nemli farkliliklar oldugu tespit edilmistir (P<0.01). Asetik asit en yliksek kontrol grubunda (82.00); en
disik E4 (63.00) muamele grubunda gézlenmistir. Probiyonik asit en yiiksek kontrol grubunda (38,00) en disiik
E4 muamele grubunda bulunmustur. Bitirik asit istatistiksel olarak énemli olmadidi tespit edilmistir (P>0.05).
Rumen pH degeri en yiksek kontrol grubunda (5.18); en distk E4(4.88) muamele grubunda bulunmustur. Rumen
NHs-N degerleri incelendiginde en disik deger kontrol grubunda (797.00), en yuksek deger ise E4 muamele
grubunda (935.66) elde edilmigtir. Artan fi§ oranina bagh olarak rumen pH’sinda azalma ve NH3-N degerlerinde
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yukselme goézlemlenmistir. Mevcut ¢alismadan farkl olarak yapilan in vitro denemede (Kara vd., 2018) TMR’ye
%10 ve 20 seviyelerinde elma posasi silaji ilavesinin rumen pH degerlerini etkilenmedigi ve sunulan ¢alismadan
daha yiksek degerler (%10: 6.68; %20: 6.77) gosterdigi rapor edilmistir.

Cizelge 7. Deneme Gruplarina Ait Rumen pH’si, Bireysel UYA ile NH3-N Degerleri ve Varyans Analiz Sonuglari

Parametreler EO El E2 E3 E4 OSH P
Rumen pH 5.182 5.11b 5.08b 5.10° 4.88¢ 0.013 0.001
Asetik asit 82.002 67.00P 65.00P 63.00P 63.00P 1.63 0.001
(mmol/lt)

Probiyonik asit 38.002 34.002 26.00P 25.000 23.000 1.77 0.001
(mmol/lt)

Biitirik asit 22.00 23.33 20.00 19.33 18.67 1.84 0.404
(mmol/lt)

NH3z-N (mg/lt) 797.00¢ 813.33¢ 855.33b 872.66° 935.662 12.88 0.001

EO: elma posasi (kontrol), E1: elma posasi +% 10bugday samani, E2: elma posasi+%7 bugday samani+%3 fig,
E3: elma posasi+%4 bugday samani+%6fig, E4: elma posasi+%1bugday samani+%9fig, OSH: ortalamanin
standart hatasi, P: istatistiki 6nemlilik diizeyi a-d; ayni sutunda farkl harflerle gosterilen ortalamalar arasindaki
farkliliklar istatistiki agidan 6nemlidir (p<0.05).

4. Sonug

Kuru madde icerigi bugday samani ile esitlenerek hazirlanan elma posasi silajlarina, farklh oranlarda fi§ tohumu
ilavesinin; silaj kalitesi, yem degeri, in vitro sindirilebilirlik, gaz ve metan Uretimi Uzerine etkisini belirlemek amaciyla
yurdtulen bu calismada, elma posasina fig tohumu ilavesinin silaj gruplarinda ADF ve NDF igeriklerini azalttigi, HP, NYD
ve NYK degerlerini ise iyilestirdigi saptanmistir. Onemli bir silaj kalite gdstergesi olan FP’ye gére degerlendirildiginde fig
tohumu ilaveli silaj gruplarinin EO grubuna goére yilksek puan aldidi ve pekiyi kategorisinde yer aldigi yine NYD
bakimindan kalite sinifi degerlendirildiginde E4 muamele grubunun 2. kalite sinifinda oldugu ayrica en yiksek NYK
degeri yine E4 silaj grubunda gézlenmis ve kalite bakimindan ¢ok iyi sinifinda yer aldigi tespit edilmistir. Sonug olarak
Ozellikle meyve sanayi isleme yan rini olan elma posasina+%1 bugday samani+%9 fig tohumu ilavesi ile olusturulan
silajlarin (E4) in vitro analizinde ruminantlar igin kaliteli kaba yem kaynagi olabilecegi ve ¢evre kirliliginin 6nine
gegilebilecedi kanaatine variimistir.

5. Tesekkiir
Bu, Makale ylksek lisans tezinden Uretilmistir.
6. Etik Standartlara Uygunluk (Compliance with Ethical Standard)
a) Yazarlarin katkilari
HK: Calismayi tasarladi ve verileri yorumladi.

SC: Laboratuvar galismasini gerceklestirdi.

HK ve SC: Laboratuvar ¢calismasini gerceklestirdi ve makaleyi hazirladi.

b) Cikar ¢catismasi

Yazarlar ¢ikar ¢catismasi olmadigini beyan ettiler.

c) Hayvanlarin refahina iligkin beyan

Bu galisma Deney Hayvanlar Yerel Etik Kurul Calisma protokoliinii kapsamamaktadir.

d) insan haklari beyani

Bu calisma insan katilimcilari kapsamamaktadir.

e) Yapay zeka kullanmama beyani
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Yazarlar, bu makalenin yaziminda, gdrsellerin, grafiklerin, gizelgelerin ya da bunlara karsilik gelen basliklarin

olusturulmasinda herhangi bir tir tretken yapay zeka kullanmadiklarini beyan ederler.
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DSSAT Bitki Simiilasyon Modelinin Kullanim Dinamikleri ve Tokat Tarimsal Uretimindeki
Rolii: Gelikli Havzasi Ornegi
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Ozet: Ulkemizde yapilan tarimsal (iretimlerde verim ve rekolteyi etkileyen faktérlerin analizi ve bu driinlerin erken verim tahmini
bliyuk 6nem arz etmektedir. Celikli havzasindaki ¢iftciler bugday Gretimini artirmak amaciyla bakim yéntemlerini genellikle geleneksel
metot ve miktarlar kullanarak surdirmektedirler. Fakat, Gelisen bilim ve teknoloji ile birlikte cevreye duyarli yiksek ve kaliteli verim
elde edebilmek igin bitki simiilasyon modelleri (BSM) ile analizi mimkiin hale getirmistir. Gerekli degerlendirmeler sonrasinda ise bir
takim uyum ve 6nlem alma uygulamalari yapiimalidir. Celikli havzasindaki tarlalarda yetistirilen bugday cesitlerinin verimliligi artirmak
icin farkli zaman ve miktarlarda uygulama yéntemleri de zaman zaman denenmistir. Calismamizin amaci, Ekiz ekmeklik bugday
cesidi ile 1+5 farkli EKim Zamani (EZ) uygulamalarina gére Kanopi ylksekligi, Bitki azot miktari, Buharlasma ve terleme miktarlari,
Yaprak alan ve Hasat indeksleri, Biyokutle ve Hasat agirliklari degerlendirilmistir. Calismada, (EZ1=7 Ekim (Gergek Ekim), EZ2=21
Ekim (15 gun sonrasi), EZ3=4 Kasim (30 gun sonrasi), EZ4=18 Kasim (45 gin sonrasi), EZ5=2 Aralik (60 glin sonrasi), EZ6=16
Aralik (75 giin sonrasl)) gibi farkli bugday ekim etkisinin ilgili verim ve diger ciktilara etkisi degerlendirilmistir. Ic anadolu gegit
bolgesinde yiritilen ve elde edilen bu sonuglara gore, Farkli ekim tarihleri arasinda en uygun ekim tarihi Griin ¢iktisina goére
degismekle birlikte Ekim olarak belirlenmistir. Modelleme sonuglarina uygun degerlendirmeler zaman, c¢evre ve maliyet gibi
konularda 6nemli kazanimlar elde edilecegi 6ngorilmustir.

Anahtar Kelimeler: BSM, DSSAT, Celikli, Ekiz, Ekim Zamani (EZ)

Usage Dynamics of the DSSAT Crop Simulation Model and the Role of Tokat City in
Agricultural Production: Celikli Basin Case

Abstract: In our country, the analysis of factors affecting yield and harvest in agricultural production and the early prediction of these
products are of great importance. Farmers in the Celikli basin generally use traditional methods and quantities for wheat production
to increase yield. However, with the advancement of science and technology, it is necessary to analyze agricultural input uses with
crop simulation models (CSM) in order to achieve high and quality yields. After the necessary evaluations, a series of adaptation
and precautionary measures should be implemented. Different application methods in various times and amounts have also been
tried from time to time to increase the yield of the wheat varieties grown in the Celikli basin fields. The aim of our study was to
evaluate canopy height, plant nitrogen content, evaporation and transpiration amounts, leaf area and harvest indices, biomass, and
harvest weights according to 1+5 different sowing time (ST) applications with the Ekiz bread wheat variety. In the study, the effects
of different wheat sowing dates (EZ1=October 7 (Actual Sowing), EZ2=0October 21 (15 days later), EZ3=November 4 (30 days later),
EZ4=November 18 (45 days later), EZ5=December 2 (60 days later), EZ6=December 16 (75 days later)) on relevant yields and other
outputs were evaluated. According to the results obtained from the study conducted in the Central Anatolia transition zone, the most
suitable planting date among different planting dates was determined to be October, although it varies based on the product output.
It is predicted that significant gains will be achieved in areas such as time, environment, and cost based on the modeling results.

Keywords: CSM, DSSAT, Celikli, Ekiz, Planting Date (EZ)
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1. Giris

Tarim, her asamada oldugu gibi giibreleme ve sulama uygulamalari yoniyle de, iklim degisikliginden
gittikce daha ¢ok olumsuz etkilenecek sektdrlerden biri olacadi 6ngdrulmektedir. Tarimsal dretimde verimliligi
arttirmak ve kayiplar azaltmak igin Uretim dncesi ve asamasi sirasinda birtakim teknolojik karar destek
uygulamalarina gére degerlendirmelerde bulunmak son derece dnemlidir.

Ulkemiz tarimsal Uretimde stratejik Grlinlerden birisi de bugday bitkisidir. Hemen hemen tim
boélgelerimizdeki iklim ve toprak sartlarinda yetisebilen bugday bitkisi, son yillarda olumsuz ¢evre sartlariyla
kars! karsiya kalmaktadir. Ulkemizde 2022 yilindaki bugday Uretimi, 6.6 milyon hektarlik tarimsal alandaki
toplam rekolte 6nceki yila oranla yizde 11,9 oraninda artarak ve 19.8 milyon ton’a ulagsmistir (Ministry of
Agriculture and Forestry 2022).

Bugday tiketiminin yarisindan fazlasi insanlara gida amagli, geri kalan kismi ise hayvan besleme ve
farkli isleme sektérlerinde kullaniimaktadir. Ozellikle son yillarda, gida, tohum ve sanayi odakli dahil olmak
Uzere bu@day icin kiresel olgekte bliylk talepler bas géstermistir (Pequeno et al. 2021).

Bitki Simulasyon Modelleri'nin (BSM), Cografi Bilgi Sistemleri (CBS), Uzaktan Algilama (UA) ve Yapay
Zeka (YZ) gibi gelismis metod ve algoritmalar ile entegre ¢aligabilen karar destek sistemleri yoluyla da hizli ve
anlasilir analizler yapilabilmektedir (Ahmed et al. 2022).

Bitki modellerinin isleyisi ve degerlendiriimesinin Ureticiler tarafindan iyi anlagiimasi, gelecekteki ¢cevreyi
duyarll yiksek verim ve kalitelerde Uretim ve tlketim agisindan ¢gok énemli iyilestirmeler saglarlar (Gavasso-
Rita et al. 2024). Ulkemizde de basta ege bolgesi (Ozdemir et al. 2024) olmak (izere birgok bdlge iklim
degisikliginden ciddi olumsuz etkiler yasandigi yapilan gcalismalarla géstermektedir. Bu olumsuz etkilere karsi
gerekli 6nlemler alinmasi ve uyumlastirma galismasi igin similasyon galismalari devam etmektedir. Trakya
bélgesinde (Ozdogan 2011) ve Glineydodu anadolu bélgesinde (Vanli 2019) model bazli akademik ¢aligmalar
yapilmistir. Bazi Ulkelerde ise verim agidi ¢alismalarinda da bitki modellerinden yararlaniimaktadir (van
Ittersum et al. 2013). Ayrica topraktaki karbon azot (C/N) dengesinde dnemli hesaplamalar yapilabildigi gibi
(Yang et al. 2013), modellerde verim tahminlerinin heterojen 6zellikteki genis boélgesel galismalar i¢in hicre
bazli konumsal analizler (izerinde de calisiimaktadir (Shelia et al. 2019). Toprak altyapisi olarak, modelleme
uygulamalari i¢in kullanilabilecek ayrintili toprak bilgisine olan ihtiya¢ artmistir. Dolayisiyla, WISE 1.1 Toprak
Profil Veri Seti'nin (Gijsman et al. 2007) analizi yeniden Uluslararasi Tarimsal Sistemler Uygulama
Konsorsiyumu'nun (ICASA) standart formatlarina gére DSSAT gibi dinamik tarim modellerine uyarlanarak
gerceklestiriimistir (Romero et al. 2012). Ayrica ¢esit bazinda deneysel metodlar sonucu belirlenen genetik
katsayilari da kullanmak similasyonda tahmin dogrulugunu arttirmaktadir (Bannayan and Hoogenboom 2009).

Bitki simulasyon modelleri genelinde tlkemizde bir kisim 6zel amacli akademik ¢alismalarla sinirli oldugu
gibi DSSAT model sonuglarinin, ¢iftgiler tarafindan gergek verim sonuglari ile karsilagtirmali buttnlik icerisinde
ele alinmasi hakkinda ciddi bir ¢alismalara ihtiya¢ bulunmaktadir. Bu durum ayni zamanda genis tarimsal
alanlarin sirdurdlebilirlik ruhuna uygun udretiminde dnemli bir faktér olarak verimliligi arttirmanin devamini
saglayabilmektedir.

Calisma kapsaminda, Celikli bolgesinde 2022-2023 sezonunda yetistirilen ekiz ekmeklik bugday cesidi
kullaniimigtir. Ekiz, belirgin 6zellik olarak gegit bolgelerinde yetisen, soguga dayanikl ve sulanmasi durumunda
verimi 1.050 kg'a kadar c¢ikabilen kaliteli bir ¢esittir. bu ¢esidin genetik katsayisinin tesbitine yonelik tarla
deneme ¢aligmalari yapilmadigindan dolayr DSSAT bitki modelinde kullanmak igin gesitlerin islahindaki
atalarinin genetik katsayilari kullaniimistir. Ekiz gesidi igin, G¢lncl kusak babasi olan (CIMMYT 2017)
Bezostaya-1 ¢esidinin genetik katsayisi kullaniimistir (Gbegbelegbe et al. 2017).

Tarimsal Uretimdeki artis ve kéarllik, fenolojinin blyime ortaminda endekslenmesi ile daha iyi
saglanabilir. Ornek olarak erken gicek agma zamanlarda yetersiz biyokitle yada soguk don hasarina neden
olabiliyorken, ge¢ cicek agma zamanlarinda ise IsI ve su stresi kaynakli verim kayiplarini arttirabilmektedir.
Son yillarda, degisen iklim ve mevsim kosullari, tarla uygulamalari ve ekim-bakim ekipmanlari, bugday igin
ekim tarihi 6nerilerinin yeniden degerlendiriimesine yol agcmigstir. Yiksek verim elde etmek icin, DSSAT bitki
modeli ortaminda mevcut iklim ve toprak kosullarinda giceklenmeyi baslatma potansiyeline bagl olarak farkli
ekim tarihi kombinasyonlari da denenebilmektedir. Bugdayin fenolojik gelisimi, hem termal zaman hem de
vernalizasyon ve fotoperiyoda bagli olarak gesidin genetik katsayisi temelinde tepkiler vermektedir. Dolayisiyla
farkl fenolojiye sahip her gesit icin ekim tarihi 6nerileri, ilgili bélgedeki iklim kosullarina gore de degiskenlik
gOstermektedir.

Bu ¢alismanin amaci, DSSAT bitki blyime modelinin farkh ekim tarihleri bazinda kanopi yiiksekligi, bitki
azot miktari, buharlasma ve terleme miktarlari, yaprak alan ve hasat indeksleri, biyokitle ve hasat Agirliklari
gibi 8 farkli bitki gézlem ve dlgiim bilesen c¢iktilari dederlendirilmistir.

2. Materyal ve Yontem
2.1. Galigma Alani
Arastirma, 2023-2024 yetistirme dénemlerinde Tokat-Celikli kosullarinda yaratiimustir. Bolge 40.08

enlem ve 36.37 boylam arasinda yer almaktadir. Bélgenin denizden yiksekligi ise 1200 m civarindadir. Ekim
islemi 07.10.2023 tarihinde, sira arasi 15 cm, ekim derinliginin 5 cm ve ekim sikhidinin ise m2 ’de 777 bitki
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olacak sekilde ayarlanmistir. Calisma alaninin cografi konumu Sekil 1’de verilmistir. Celikli bélgesi, ic Anadolu
bolgesi ile Karadeniz bolgesi arasinda bulunan verimli ve yari kurak karakterli gecit bolgesi 6zelliklerine sahiptir.
Ortalama yillik yagis 535 mm civarinda olmakla birlikte ortalama sicaklik ise yaklasik 8,1 °C civarinda oldugu
tesbit edilmistir. Tarim yapilan bu ilgili alan genellikle bugday—nadas seklinde ekim ndbeti uygulanmakla
birlikte, disuk oranlarda da mercimek ve yem bitkileri tarimi yapilmaktadir.

Tokat, Celikli Bolgesi Bugday Ekim Alanlari

. Sekil 1. Calisma alaninin cografi konumu
2.2. Iklim Degerleri

Tarimsal uygulamalarda iklim olduk¢a 6nemli bir faktor olmaktadir. Fakat iklim degiskenligi ve
cesitliligi gibi istenmeyen c¢evresel sartlar, zararli ve hastalik faktorleri ve olasi politika degisiklikleri gibi
birgcok éngdriilmeyen riske yol agabilmektedir. iklimin temel elemanlar sicaklik, yagis, oransal nem,
glineslenme siresi ve siddeti, basing, rizgar hizi ve yénu, buharlagsma gibi parametrelerdir. Ekiz ¢esidi
olan bu@day bitkisinin ekildigi tarlalarin yillara ait sicaklik iklim verileri Cizelge 1’de verilmistir.

Celikli Bélgesi Sicaklik Degerleri

EKIM SONRASI (GUN)

Sekil 2. Celikli bolgesi maksimum ve minimum sicaklik digerleri grafigi

2.3. Toprak Degerleri

Analizler, Bunye sinifi olarak silt ve kil, hacim agirhdi gibi topragin fiziksel dzellikleri ile potasyum (K),
fosfor (P), azot (N), katyon degisim kapasitesi (KDK), Kire¢ (CaCO3), pH ve organik karbon (OC) gibi kimyasal
Ozelliklerden olusan parametreler igin yapildi. Tarlanin toprak numunesi analizi modeldeki SBUILD (DSSAT V
4.8.2) programinda toprak dosyasi olarak olusturulmustur. Drenaj Ust ve alt siniri, doygunluk, kiitle yogunlugu,
doymus hidrolik iletkenlik ve kok blyume faktori gibi diger parametreler de modelde otomatik olarak
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hesapland: Ilgili bugday tarlasindan alinan toprak érneklerine ait toprak temel degerleri ve ilgili alanin toprak
fiziksel ve kimyasal de@erlerine ait analiz sonuglar Cizelge 1 ve 2'de verilmistir.

LAT  LONG SCSFAMILY  SALB  SLU1 SLDR SLRO  SLNF  SLPF
40,11 36,35 Kumlu, Tinli, Aliivyal 0,13 9,3 0,6 76 1 1

Cizelge 1. DSSAT modelindeki Celikli bdlgesi ana toprak parametreleri

LAT: Enlem (Derece); LONG: Boylam (Derece); SCSFAM: ABD NRCS sistemi; SALB: Albedo (Oran); SLU1: Asama
1 buharlagsma limiti (mm); SLDR: Drenaj orani, (oran/giin); SLRO: Akis egrisi no. (Toprak Koruma Servisi/NRCS);
SLNF: Mineralizasyon faktéri (0 - 1); SLPF: Toprak verimliligi faktord (0 — 1).

SLB SLMH  SLLL  SDUL  SSAT  SRGF  SBDM  S5LOC  SLCL  SLS| SLHW  SCEC

5 AP 0.092 0.189 0.327 1 1.45 0.71 19.2 17.6 6.9 7.6
10 B1 0.129 0.238 0.335 0.75 1.61 0.54 22 14 5.7 3.1
15 B2 0.18 0.293 0.347 0.75 1.52 0.24 33.1 16 5.9 3.9
20 B2 0.192 0.307 0.351 0.75 1.48 0.27 35.6  17.7 5.7 4.4
25 B2 0.245 0.364 0.379 0.35 1.39 0.15 47.6 249 5.1 6.4
30 B2 0.283 0.4 0.415 0.2 1.38 0.19 55.6  18.9 4.6 15
40 B3 0.336  0.455 0.47 0.15 1.26 0.11 67.6  21.2 4.6 36.8

Cizelge 2. DSSAT modelindeki Celikli bolgesi toprak fiziksel ve kimyasal parametreleri

SLB: Derinlik, katman tabani (cm); SLMH: Ana Horizon, SLLL: Bitki tarafindan g¢ikarilabilir toprak suyu alt siniri
(cm3/cm3); SDUL: Drenaj Ust sinir (cm3/cm3); SSAT: Doymus Ust sinir (cm3/cm3); SRGF: Kbk biyime faktord,
sadece toprak (0 — 1); SBDM: Toprak yodunlugu, nemli (g /cm3); SLOC: Organik karbon (%); SLCL: Kil (%); SLSI:
Silt (%); SLHW: Sudaki pH; SCEC: Katyon degisim kapasitesi (cmol/kg).

2.4. DSSAT Bitki Biliyiime Modeli

Bitki buyume modelleri, bitkilerin gelisim surecini nicel olarak analiz etmeye ve dngérmeye
yarayan matematiksel cercevelerdir. Bu modeller genellikle, bitkilerin genetik yapisi, ¢cevresel kosullar
(1s1k, sicaklik, su, besin vb.) ve fizyolojik faktorler (fotosentez, solunum, hormonlar) arasindaki iligkileri
dikkate alir (van Ittersum and Donatelli 2003).

DSSAT (Decision Support System for Agrotechnology Transfer), tarimsal arastirma ve planlama
alaninda sikg¢a kullanilan, farkli Grinlerin biyidme, gelisme ve verimlerini simile eden kapsamli bir yazilim
paketidir. Modelleme yaklasimi, bitkilerin biylime slreclerini ayrintili sekilde ele alirken ayni zamanda
toprak, iklim kosullari ve yonetim uygulamalari (ekim zamani, glibreleme, sulama) gibi ¢oklu degiskenleri
de hesaba katar. Bu sayede, arastirmacilar ve tarim uzmanlar farkh senaryolar Uzerinde galisarak en
verimli yonetim stratejilerini belirleyebilir, Grin deseni optimizasyonu ve iklim degisikligine uyum gibi
konularda éngérulerde bulunabilmektedir. DSSAT'In bilesenlerinde kullanilan modeller, bitki blylimesini
sadece tek bir formule dayali olarak degil, fizyolojik sirecleri kapsayan karmagik algoritmalar aracihdiyla
incelenmektedir. DSSAT Modeli, Tahillar, Baklagiller, Yagh Tohumlar, Yumru Bitkiler, Lifli Bitkiler, Yem
Bitkileri, Seker Bitkileri, Meyveler, Sebzeler verim tahmini igin kullanihr. DSSAT bitki simulasyon ailesinin
bircok diger modelden ayiran en énemli yonl, ¢ok sayida bitki Gzerinde calisma imkani sunmasidir.
DSSAT bitki simulasyon ailesi, CERES, NWHEAT, CROPGRO, CANEGRO, CASUPRO ve SUBSTOR
gibi farkl bitkiler icin 6zellestiriimis modelleri igerir (Jones et al. 2003). CROPGRO modeli, fotosentez
sirasinda yapraklarda gergeklestirilen karbon asimilasyonuna dayanan bir modelken, CERES modeli,
glines 15141 ile elde edilen birim biyokutle hesaplamasi ile tanimlanan radyasyon tabanl bir modeldir.

Bu sistemde ayrica genetik katsayilar (genetic coefficients), belirli bir bitki tirl veya ¢esidinin fenolojik,
fizyolojik ve morfolojik Ozelliklerini tanimlayan kritik parametrelerdir. Bu katsayilar, farkh cevresel
kosullarda bitkinin gelisimini ve verimini tahmin etmek icin kullanilir. Genetik katsayilar, genellikle saha
denemeleri ve model optimizasyon teknikleri kullanilarak belirlenir. Bu suregcte, farkh ekim tarihleri, su ve
azot seviyeleri gibi degiskenler altinda gergeklestirilen gézlemler, model ¢iktilari ile karsilastirilarak bitkiye
dzgl parametrelerin en iyi sekilde kalibre edilmesi saglanir. Ozellikle, 1si birikimi gereksinimi, yaprak alan
indeksi, buyuime orani ve tane doldurma suresi gibi 6zellikler, modelin tahmin dogrulugunu artirmada
onemli rol oynar. Genetik katsayilarin dogru bir sekilde belirlenmesi hem bdlgesel hem de kiiresel dlgekte
iklim degisikliginin bitki verimi Gzerindeki etkilerini degerlendirmek agisindan buyik 6nem tasir. Bu



katsayilar, farkli genotiplerin gevresel streslere verdigi yanitlari anlamaya ve yeni tarimsal stratejiler
gelistirmeye yardimci olur. Ayni zamanda, surdiralebilir tarim uygulamalari igin en uygun cesitlerin
secilmesi ve genetik 1slah programlarinin yonlendiriimesi agisindan da kritik bir bilesendir. Asagida
genetik katsayi tesbiti icin tarla deneme ¢alismalari yapiimadigindan dolayi ekiz ¢esidinin tglinct kusak
babasi olan (CIMMYT 2017) Bezostaya-1 ¢esidinin genetik katsayisi bulunmaktadir.

Cesit P1ve P1DP pS5e¢ G1d G2¢ G3f PHINT?

Ekiz (Bezostaya-1) 60 110 600 22 40 0.5 135

Cizelge 3. Ekiz gesitinin CERES-Bugday modili kapsaminda genetik katsayilari.

aP1V vernalizasyon igin optimum giinler (gtin)

bP1D fotoperyodik cevap (% oraninda azalmalfotoperiyod’daki 10 saatlik dusis)
¢P5 tane doldurma stresi (°C/gun)

4G1 kernel sayisi/gigeklenmede kanopi agirh§i (#/g)

¢G2 optimum kosullarda tane buyUkligu (mg)

fG3 stressiz kok filiz agirhgr (gr kuru agirlik)

9PHINT ardisik yaprak ucu goérinim arahgi (°C/gin).

3. Bulgular

Toplanan ydnetim, toprak, iklim ve bitki katsayi verileri DSSAT Modelindeki seasonal uygulamasinda
acilan dosyada islenmistir. Modelin 7 Ekim tarihinde gercek ekim (EZ1) ile baslayan treatment 6zelligi 15 gin
sonrasi olan 21 Ekim (EZ2), 30 giin sonrasi olan 4 Kasim (EZ3), 45 guin sonrasi olan 18 Kasim (EZ4), 60 gun
sonrasi olan 2 Aralik (EZ5) en son 75 giin sonrasi olan 16 Aralik (EZ6) tarihi ile tamamlanmistir. TGm bu farkli
tarihlerin similasyonu ile Asagida bulunan 8 farkli model ¢iktisinin performans karsilastirmasi yapilmistir.

3.1. Kanopi Yiiksekligi

Diger bitkilerde de oldugu gibi bugday bitkilerinde de bitki biyokdutlesi ve fenotipik gelisimleri sulama ve
Ozellikle uygun miktarda saglanan Azot gubrelemesine dayanmaktadir. Ekiz bugday ¢esidinin farkh tarihlere
verdigi kanopi yukseklikleri performanslari birbirlerine ¢ok yakin olmakla birlikte150 gunden sonra bazi
tarihlerin erken boylanmaya basladigini gostermistir. Asagidaki Sekil 3 de farkl tarihler bazinda kanopi
yukseklikleri gosterilmigtir.



Kanopi Yiksekligi
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Sekil 3. Celikli bélgesi bugday bitkisi kanopi yuksekligi grafigi

3.2. Bitki Azot Miktari

Topragda verilen taban ve Ust gubre miktarlarina gdre bitkide gézlenen azot miktarlari da ekim tarihine
gore farklilik gosterdigi gorilmistir. EZ1 ve EZ2 gibi tarihli ekimlerde ilk 140 glnlere kadar digerlerinden iyi
performans gostermistir. Asagidaki Sekil 4 de goériilen150 glinden sonraki giinlerde geg ekim yapilanlar da en
iyi azot miktarini kullanmaya baglamistir.

Bitki Azot Miktar:

Sekil 4. Celikli bolgesi bugday bitkisi kanopi yiksekligi grafigi



3.3. Buharlagma ve Terleme Miktarlari

Bitkinin yetisme performanslarini anlatan gostergelerden biri de sicaklia tepki olarak bitki
fizyolojisinde olusan evapotransprasyon denilen topraktan buharlagsma ve bitkiden Terleme yoluyla ¢ikan
nem miktarlaridir. Asagidaki Sekil 5’'te de genel itibariyle birbirine yakin oranlarda buharlagsma ve terleme
oldugu gorulmastir. Fakat Sekil 6 da bitkiden terleme yoluyla ¢gikan nem miktarinda ilk 200 giinde az da
olsa farkl ekim zamanina goére farkli tepkiler verilmigtir.

Buharlasma ve Terleme Miktari

EVAPOTRANS M|

SIMULASYON BASLATMA SONRASI (GUN)

Sekil 5. Celikli bolgesi bugday bitkisi buharlasma ve Terleme miktari grafigi

Terleme Miktari

TRANSPRASYON MIKTARI (MM/GUN)




Sekil 6. Celikli bolgesi bugday bitkisi Terleme miktari grafigi

3.4. Yaprak Alan ve Hasat indeksleri

Bitki indeksleri bitkideki Griin performanslarini oranlar metodu ile gésteren en iyi analizlerdendir.
Calismamiz kapsaminda bitkide en yaygin uygulanan indekslerden olan yaprak alan ve hasat indekslerinin
modeldeki yansimalari Asagidaki Sekil 7 ve Sekil 8 de gosterilmistir. Hasat indeksinde ge¢ ekimden baslayarak
en erken tarihte ekim yapilan uygulamaya dogru bitki dane veriminin yikselmeye basladigi gériimustur. Fakat
yaprak alan indeksinde ilk ekim olan EZ1 en iyi performansi gostermistir.

Hasat indeksi
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Sekil 7. Celikli bolgesi bugday bitkisi hasat indeksi grafigi



Yaprak Alan indeksi
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EKiM SONRASI (GUN)

Sekil 8. Celikli bolgesi bugday bitkisi yaprak alan indeksi grafigi

3.5. Biyokiitle ve Hasat Agirliklan

Bitki modelinde ortaya ¢ikan son simulasyon performansi bitkinin biyokutle ve hasat agirliklari olmustur.
Verim miktari olarak da bilinen hasat agirliklarinda son ekim tarihlerinin en erken performans gostermeye
basladiklari goértulmustir. Bitkinin yesil aksaminin yogunlugu anlamindaki biyokutle agirligi ise tim ekim tarihleri
bazinda kiguk farkhhklarla birlikte birbirine paralel performans gostermiglerdir. Asagidaki Sekil 9 da hasat
agirliklarini Sekil 10 da ise biyokutle agirliklar sergilenmistir.

Hasat Agirhigi

EKIM SONRASI (GUN)

Sekil 9. Celikli bolgesi bugday bitkisi Hasat agirligi grafigi



Biyokiitle Agirhigi
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Sekil 10. Celikli bolgesi bugday bitkisi biyokdtle agirligr grafigi

4. Tartigsma ve Sonug

Diinyada ve lilkemizde en 6nemli temel besin kaynaklarindan olan bugday, son zamanlarda global gevre
problemleri ile birlikte verim ve kalitede azalma meydana gelmektedir. iklim degisikliginin olumsuz etkisine karsi
tarimsal alanlarda uyumlastirma uygulamalari da ¢oéziimler arasindadir. Bunlardan biri de ekim tarihini dogru
belirlemektir. Calismamizda bugday bitkisinin Ekiz ¢esidi olarak DSSAT bitki biyime modelinde 15 giin aralikli
farkl ekim tarihleri uygulanmistir. 6 farkl tarihler gergevesinde bitki Griin yan giktilarinin similasyon sonuglari
degerlendirilmigtir. Deg@erlendirme sonucuna gore nihai hasat zamaninda kanopi yulksekliginde farklilhk
gorilmemistir. Bitki azot miktarindaki kismi artislar, giibreleme uygulamalari sonucu ve topragin da fiziksel ve
kimyasal 6zelliklerine gore bitkiye yarayigl nitrat ve amonyum gegislerinin oldugu farkedilmistir. Yine yaprak
alan ve hasat indeksleri de bitki fizyolojisindeki olumlu degisimlerin énemli birer géstergesi durumundadir.
Calismalarimizda ayrica biyokitle agirliklarinda da yuksek miktarlarin ekim tarihlerinden bagimsiz ortaya
¢ctkmasi bitki besin maddelerinin toprak ve iklim sartlari ile uyum icinde gelisme gdsterdigi de anlasiimigtir.
Sonug olarak, bu konuda farkl ¢esitler bazinda ekim zamani, ekim aralik ve derinligi, ekim miktari ve gtibreleme
ve sulama miktarlari yéniinden daha fazla similasyon ve denemeler yapilmasi gerekmektedir.

5. Tesekkiir

Calismamiz igin Gaziaosmanpasa Universitesi ziarat fakiiltesi toprak boliimi ile isbirligi yapan celikli
bdlgesi bugday Ureticilerine anket ve bilgi paylagimlari igin tesekkir ederiz.
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Ozet: Sicaklik artigi yeryiziindeki dogal ve beseri sistemleri olumsuz bir sekilde etkilemektedir. Bu artiglar
yeryuzunlin tamaminda ayni dederde olmamakla birlikte Tlrkiye'nin de igcinde bulundugu Akdeniz Havzasi'nda
uzun sureli 1Isinma egilimi seklinde gergeklesedi 6n goérilmektedir. Bu nedenle bu calismada idari sinirinin bir
bélimii I Anadolu Bélgesinde bir béliimii Karadeniz Bélgesinde yer alan Cankiri ilinin maksimum ve minimum
sicaklik egilimleri analiz edilmistir. Calismada Mann-Kendall ve Sen Slope yodntemi kullaniimigtir. Analiz
sonuglarina gére maksimum sicakliklar istatistiksel olarak farkli anlamhlik dizeyinde artis egilimine sahiptir. Bu
artis egiliminin zaman serisi icerisinde de farkli diizeylere ulastigi tespit edilmistir. Artis egilimleri Cankiri ve
Cerkes'te 0.01 duzeyinde anlamli iken, ligaz ve Kursunlu'da 0.001 diizeyinde anlamlidir. Bu anlamli artiglar, analiz
edilen istasyonlarda farkli zaman dilimlerinde baslayarak dogrusal olmayan, daha ¢ok sigrama ve dalgalanma
seklinde gerceklesmistir. Minimum sicakliklar ise llgaz disindaki diger istasyonlarda pozitif yonde anlamli olmayan
artis egilimine sahiptir. llgaz istasyonunda ise anlamli olmayan azalma egiliminin yasandigi tespit edilmistir. Bu
istasyondaki azalma egiliminin ise anlamli ve dogrusal olmayip daha ¢ok sigrama ve dalgalanma seklinde oldugu
gOrulip 2017 yilindan sonra bir énceki yila gore artis egilimi gosterdigi tespit edilmigtir.

Anahtar Kelimeler: Gankiri, Sicaklik Egilimi, Mann Kendall ve Sen Slope

Maximum and Minimum Temperature Trends of Cankiri Province

Abstract: Temperature increase adversely affects the natural and human systems on earth. Although these
increases are not at the same value in the whole of the earth, it is predicted to be realised as a long-term warming
trend in the Mediterranean Basin, where Turkey is located. Therefore, in this study, the maximum and minimum
temperature trends of Cankiri province, which is located partly in Central Anatolia Region and partly in the Black
Sea Region, were analysed. Mann-Kendall and Sen Slope methods were used in the study. According to the
results of the analyses, maximum temperatures have an increasing trend at statistically different significance levels.
It was determined that this increasing trend reached different levels in the time series. While the increasing trends
are significant at 0.01 level in Cankiri and Cerkes, they are significant at 0.001 level in llgaz and Kurgunlu. These
significant increases started at different time periods at the stations analysed and were non-linear, mostly in the
form of jumps and fluctuations. Minimum temperatures have a positive, non-significant increasing trend in the other
stations except llgaz. A non-significant decreasing trend was observed at llgaz station. The decreasing trend at this
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1. Girig

Sicaklik, iklim degisikligiyle ilgili hazirlanan c¢aligmalarda kullanilan iklim parametreleri arasinda yer
almaktadir. Dinya’nin 4,6 milyar yilhk tarihi boyunca iklim bircok kez degisiklik gdstermistir. Ortalama
sicakliklarin 3-6°C arttigi donemlere kargsilik ayni derecelerde azaldi§i donemler de olmustur (Gonenggil ve
icel, 2010: 1; Tirkes, 2013: 3). Gegmiste dogal olarak gelisen iklim sistemi, sanayi devrimi sonrasinda insan
kaynakl artan sera etkisine bagli olarak yeryiiziinde uzun dalgal isinim yoluyla soguma etkinligini zayiflatip
“Yerkiire/atmosfer ortak sisteminin enerji dengesine” pozitif katkilar yaparak radyatif zorlanmis sera etkisinin
(kuvvetlenen sera etkisi) olusmasina neden olmustur (Tirkes, 2003; 2008: 31).

Sanayi devrimi sonrasindan giiniimize dinya nifusu 6énemli dlgiide artarak 2022 yilinda 8 milyar gibi
biyuk bir rakama ulagsmistir. Daha konforlu bir hayat ve daha yiiksek insan refahi seviyesi i¢in insanhk daha
fazla Uretim yaparak yeryltziindeki dogal kaynaklari hizli bir sekilde tiketmeye baslamistir (Sen vd., 2008:
83). Arz-talep iliskisine bagl olarak artan uretim faaliyetleri insanoglunun daha fazla enerji harcayarak
atmosfere petrol, kbmur ve dogdalgaz gibi fosil yakitlari, karbondioksit olarak salip kuvvetlenmis sera etkisinin
olusmasina neden olmaktadir. Sanayi devrimi 6ncesi atmosferde bulunan aylik karbondioksit miktari yaklasik
olarak 280 ppm iken, bu durum 1958 yilinda yaklasik 315 ppm; 2012’de 394 ppm (Turkes, 2012b: 4); Ekim
2024’te 421,73 ppm’e ulastigi goriimektedir (NOAA, 2024).

Atmosferdeki karbondioksitin glinimuzdeki durumu, yaklasik 700 bin yil 6ncesindeki dodal degisiminin
Uzerindedir. Sera gazindaki artiglar, “Yerkdiire’nin gelen uzun dalga boylu kizilbtesi 1sinim yoluyla soguma
etkinligini zayiflatarak, onu daha fazla 1sitma egilimindeki bir pozitif isinimsal zorlamanin olusmasina” neden
olur. Antrapojenik kdkenli iklim degisikliine ve kiresel i1sinmaya yol acan sera gazlari ¢cogunlukla fosil
kaynaklarin kullanilmasi, ulastirma, sanayi, atik yo6netimi, yanhs tarimsal etkinlikler ve arazi kullanimi
degisikliklerinden kaynaklanir (Turkes, 2012a: 4-5). Atmosferdeki sera etkisinin kuvvetlenmesi Yerkure’'nin
radyasyon dengesini bozarak kiiresel sicakliklarin gegen 100 yilda 0,7 °C artig géstermesine ve son 50 yillik
donemdeki artiglarin da daha anlamli olmasina neden olmustur (Sen vd. 2008: 84; Demir vd., 2008; Turkes,
2008: 33; IPCC, 2007; Yang vd., 2011).

Ortalama yuzey sicakliinda gézlenen isinma egiliminin yerytzindeki dagilisi ayni olmamakla beraber,
Akdeniz Havzasi'nda uzun sireli 1Isinma egilimi seklinde etkili olacagi 6n goérilmektedir (IPCC, 2007; 2012;
2013; Cosun ve Karabulut, 2009: 42; Kizileima vd., 2015: 2; Duman ve ircan, 2021a; ircan ve Duman, 2022).
Bu havzadaki artis egilimleri yerel/bolgesel olarak hazirlanmis birgok ¢alismada (Turkes, 1995; Kostopoulou
ve Jones, 2005; Cosun ve Karabulut, 2009; Kuglitsch vd. 2010; Kizilelma vd. 2015; Polat ve Sunkar, 2017;
Tuarkes vd., 2002; Acar-Deniz ve Gonenggil, 2017; Acar vd., 2018; Erlat ve Gller, 2018; Acar, 2018; Avci vd.,
2019; Duman ve ircan, 2021a: 516-517; ircan ve Duman, 2022: 48-49; Topuz ve Karabulut, 2021; Durmus
vd., 2021; Esen, 2022) ve Hikdmetlerarasi iklim Degisikligi Paneli (IPCC) (IPCC, 2007; 2012; 2013)
raporlarinda tespit edilmigtir. Ayrica bu ¢alismalarda Akdeniz Havzasi’'nin iklim degisikligi etkilerine kargi
hassas olan alanlardan biri oldugu ifade edilmistir (Acar, 2018; Kuglitsch vd., 2010; Maheras vd., 2006;
WMO, 2016; Tiirkes, 2012a; Tirrkes vd., 2000; Tiirkes, 2017; Duman ve Ircan, 2021a: 516-517; ircan ve
Duman, 2022: 48-49).

Bu calismada, Cankiri ilinin maksimum ve minimum sicaklik egilimleri ele alinip yerel Olgekte
degerlendiriimesinin yapilmasi amaglanmistir. Bu amagla hazirlanan calisma farkli arastirma alanlarina
referans olacak nitelikte olup, yerel ve bodlgesel &lcekte hazirlanacak diger calisiima bulgulariyla
karsilastinlarak sicaklik artiglarindaki egilimlerin agiklanmasi bakimindan énemli bir yere sahiptir. Calismanin
akisi itibariyle veri ve ydntem baghginda ¢alismada kullanilan veri seti ile ydntem hakkinda bilgiler verilmistir.
Bulgular bdliminde analiz sonuglarn agiklanmistir.  Sonu¢ bdliminde ise calismanin genel bir
degerlendirmesi yapilmigtir.

2. Materyal ve Metod

Cankiri, 40°16' - 41°04' kuzey enlemleriyle 32°34' - 34°08' dogu boylamlari arasinda yer alan ve genel
olarak yari kurak/yari nemli iklim 6ézelliklerine sahiptir (Duman ve ircan, 2021b). Calismada kullanilan veriler
Cankiri Meteoroloji Midiirligiinden temin edilmistir. ilgili veriler 1978-2020 yili ortalama sicaklik verileridir.
Cankir ilinde Cankiri, Cerkes, llgaz ve Kursunlu meteoroloji istasyonlarinin maksimum ve minimum sicaklik
egilimleri analiz edilmistir (Sekil 1 ve Cizelge 1).
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Cizelge 1. Analizi yapilan istasyonlara ait bilgiler

istasyonlar Enlem (K) Boylam (D) Yikselti (m) Olgiim Yili
Gankin 40° 36' 30" 33°36'37" 755 m 1978-2020
Cerkes 40° 48' 54" 32°53' 00" 1126 m 1978-2020
llgaz 40° 54' 56" 33°37' 33" 885 m 1978-2020
Kursunlu 40° 49' 58" 33°16'09" 1075 m 1988-2020

33“3?‘0“{

Cankar: ili Lokasyon Haritasi L

32“3?’()"!5 33"()"0" E 34“().'0" E

41°0'0"N

T A
™ Lt
» N
Y

8

T
41°0'0"N

Semboller
®  llge Merkezleri
ﬂ'; Analizi Yapilan

® Metcoroloji istasyonlan

—— [ISmn

—— flge Simint

D Arastirma Sahast

40°3?‘U"N

......

T
40°30'0"N

Yiikselti Degerleri (m)

B [ [

o | 400 600

800 1000 1200 1500 2000 2500

T
33°30'0"E

Sekil 1. Arastirma sahasinin lokasyon haritasi

Buna gore Cankiri ilindeki maksimum ve minimum sicaklk ortalamalarn su sekildedir: Maksimum
sicaklik ortalamalari; Cankirrda 38,5°C; Cerkes’te 34,5°C; ligaz'da 36,8; Kursunlu’da 35,3°C’dir (Sekil 2).
Minimum sicakhk ortalamalari ise Cankir’da -14,2°C; Cerkes'te -21,8°C; ligaz’da -15,3; Kursunlu'da -
18,8°C’dir (Sekil 3).

Maksimum ve minimum sicaklik egilimlerinin analizi i¢in Mann-Kendall Sen Slope yontemi
kullaniimistir. Mann-Kendall, non-parametrik bir test olarak sicaklik ve yagis gibi iklim elemanlarinin zaman
serisi icindeki egiliminin tespit edilmesi igin siklikla kullanilan analiz yéntemlerden biridir (Mann, 1945; Kendall
1975; Gocic ve Trajkovic, 2013). Calismada sicaklik trendinin zaman serisi icindeki gidisatini ortaya koymak
icin Mann-Kendall Mertebe Korelasyon kullaniimistir. Bu testte u(t) ve u’(t) degerleri analiz edilmektedir. u(t) <
0 olmasi durumunda zaman serisinde azalma egiliminin oldugunu; u(t) > 0 olmasi ise zaman serisinde artis
egiliminin oldugunu ortaya koymaktadir (Salehi vd., 2019). Zaman serisinde u(t) gizgisinin + 1.96 degerine
ulagsmasi, egilimin zaman serisi igerisinde %95 diuzeyine ulastidini ifade etmektedir. Zaman serisi icerisinde
u(t) ve u’(t) egrilerinin gok kez Ust Uste gelmesi seride anlamli bir egilimin bulunmadigini ortaya koyarken, u(t)
ve U'(t) cizgisinin birbirini bir noktada kestikten sonra ayrilarak u(t) egrisinin + 1.96 kritik degerine
ulagsmasi/agmasi istatistiksel olarak anlaml bir artig/azalis egiliminin oldugunu ortaya koymaktadir (Sneyers,
1990; Turkes, 1996). Trend testinden egilimlerin bayuklikleri Sen’in Egilim tahminiyle tespit edilmistir. Bu
ydntem egilimin birim zamandaki degisiminin tahmin ediimesinde kullaniimaktadir (Sen, 1968). ilgili analizler
Salmi vd. (2002) tarafindan Microsoft Excel’de gelistirilen MAKESENS ile analiz edilmistir.
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3. Bulgular

Bu bdélimde arastirma sahasindaki maksimum ve minimum sicaklik egilimleri analiz edilmistir. Bu
analizler sonucunda sicakliklardaki istatistiksel olarak anlaml artma veya azalma egiliminin olup olmadigi
aciklanmistir. Buna goére elde edilen Z degerinin kritik anlamlilk dizeyi %95 glven aralidinda
degerlendirilmistir. Z degeri +1.96’ya esit veya buylk ise anlaml artan, -1.96’ya esit veya kuglk ise anlaml
azalma egiliminin varhdi kabul edilmistir. Z degeri £1.96 degerleri arasinda ise istatistiksel olarak anlamli
olmayan egilimin varh@ kabul edilmistir (Duman ve ircan, 2021a: 522).

3.1. Maksimum sicaklik egilimleri

Arastirma sahasindaki egilim denklemine gore maksimum sicakliklar anlamli artiglar gostermektedir.
Egilimin en fazla oldudu istasyon Kursunlu iken (M-K: 0,15°C/yil; S: 0,16 °Clyil), en az oldugu istasyon
Cankiri (M-K: 0,07°C/yil; S: 0,06 °Clyil), istasyonudur. Bu durum ligazda M-K ve S’ye gére 0,11°Clyil;
Cerkes'te M-K'ye gore 0,08°C/yil; S’ye gore 0,09 °‘Clyildir (Cizelge 2; Sekil 4). Maksimum sicakllarda
yasanan artig egilimi istasyonlara goére farklilik géstermektedir. Buna gére Cankiri ve Cerkes istasyonlarinda
istatistiksel olarak 0.01 dizeyinde anlamlilik dizeyine sahip artis egilimi goérilirken, llgaz ve Kursunlu’da
0.001 anlamhlik diizeyine sahip artis egilimi gortilmektedir (Cizelge 2).

Cizelge 2. Arastirma sahasindaki istasyonlarin maksimum sicaklik egilimleri (*: 0,05: dizeyinde; **:0,01
diizeyinde; ***:0,001 dlzeyinde anlamligi; T: Artma, {: Azalma egilimini ifade etmektedir).

istasyonlar Mann Kendall Sen Slope Egilim Yonii
Cankirn 2,72" 0,060 0
Cerkes 3,01" 0,086 0
llgaz 4,44 0,110 )
Kursunlu 4,14™ 0,164 )

Maksimum sicakliklardaki degisimler u(ti) ve u'(ti) grafigine gore bir bitiin halinde degerlendirildiginde
sicakliklarin artis egiliminde oldugu tespit edilmistir. Bu artisin zaman serisi igeisinde istasyonlara gore farkl
yillarda farkh anlamhlik dizeylerine ulastigi gorilmektedir. Bu durum Cankir istasyonunda 2007 (yaklasik
olarak 2007-2010 yillar arasinda 0.05; 2011-2020 yillari arasinda ise 0.01 dizeyinde anlamhdir); Cerkes’te
2011 (yaklasik olarak 2011-2018 yillari arasinda 0.05; 2019-2020 yillarinda ise 0.01 dizeyinde anlamhidir);
llgaz’da 2000 (yaklasik olarak 2000-2001 yillarinda 0.05; 2002 ve 2006 yillari arasinda 0.01; 2006-2020
yillari arasinda 0.001 diizeyinde anlamlidir); Kursunlu’da 1999 (yaklasik olarak 1999 yilinda 0.05; 2000 ve
2005 yillari arasinda 0.01; 2006-2020 yillari arasinda 0.001 duzeyinde anlamhidir) yilindan sonra genel olarak
dogrusal olmayip daha ¢ok sicrama ve dalgalanma seklinde anlamli artiglar géstermektedir (Sekil 5).
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Sekil 4. Arastirma sahasindaki istasyonlarin maksimum sicaklik egilimleri
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Sekil 5. Arastirma sahasindaki istasyonlarin maksimum u(ti)-u'(ti) sicaklik dizilerindeki egilimler
3.2. Minimum sicaklik egilimleri

Arastirma sahasindaki istasyonlarin egilim denklemine gére minimum sicakliklar ligaz diginda pozitif
yonde anlamh olmayan artis egilimi gdstermektedir. Bu durum ligaz istasyonunda ise anlamli olmayan
azalma egilimi (M-K ve S’ye gore -0,03°C/yil) gostermektedir. Artis egilimin en fazla oldugu istasyon Cerkes
iken (M-K: 0,07°C/yil; S: 0,09 °Clyil), en az oldugu istasyon Cankiri (M-K: 0,03°C/yil; S: 0,03 °Clyil),
istasyonudur. Bu durum Kursunlu’da M-K’ye gore 0,06°C/yil; S’'ye gore 0,05 “Clyildir (Cizelge 3; Sekil 6).

Cizelge 3. Arastirma sahasindaki istasyonlarin minimum sicaklik egilimleri (*: 0,05: diizeyinde; **:0,01
diizeyinde; ***:0,001 dizeyinde anlamliligi; T: Artma, {: Azalma egilimini ifade etmektedir).

istasyonlar Mann Kendall Sen Slope Egilim Yoni
Cankiri 0,76 0,031 T
Cerkes 1,49 0,086 0
llgaz -0,72 -0,027 2
Kursunlu 0,79 0,046 0

Minimum sicakliklardaki degisimler u(ti) ve u'(ti) cizimlerine gére bir butiin halinde dederlendirildiginde
sicakliklarin llgaz istasyonu disinda anlamh olmayan artis egiliminde oldugu goériimektedir (Anlamh
azalmalarin yasandigi dénemler Cerkes’te 1993; ligaz’da 2013; Kursunlu'da 1992-1993 yilidir). llgaz
istasyonunda 1999 yilindan itibaren genel olarak dogrusal olmayip daha ¢ok sicrama ve dalgalanma seklinde
anlamli olmayan azalma egilimi 2017 yilindan sonra bir dnceki yila gdre artis egilimi gdstermektedir (Sekil 7).
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Sekil 6. Arastirma sahasindaki istasyonlarin minimum sicaklik egilimleri
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Sekil 7. Arastirma sahasindaki istasyonlarin minimum u(ti)-u'(ti) sicaklik dizilerindeki egilimler

4. Sonug (Conclusion)

Sicaklik iklimin en 6nemli elemanlarindan biri olmasi nedeniyle iklim degisikligi Gzerine hazirlanan
bircok calismada sicaklik egilim analizi yapilmaktadir. Gerek iklim degisikligine badli yasanacak sicaklik
artiglariyla ilgili calismalarda gerekse Hiikimetlerarasi Iklim Degisikligi Paneli tarafindan hazirlanan
degerlendirme raporlarinda Turkiye'deki yillik ortalama sicakliklarin sadece sera gazlarindaki artiglar dikkate
alindiginda 2050 yilina kadar, 1°C ile 3 °C arasinda artacagi, bu durum sera gazlarindaki degisimler ile silfat
pargaciklarindaki degisimlerle birlikte degerlendirildiginde, 1 °C ile 2 °C arasinda bir artis seklinde gelisecegi
ongorulmektedir. 1975 ile 2009 yillari arasindaki dénemde Turkiye’de 1,01°C sicaklik artisinin yasandigi, bu
artisin da 2009'dan sonraki devam eden 15 yillik siiregte 0,3°C artarak devam edecegi éngériilmektedir (igel
ve Ataol, 2014: 67).

Cankiri ilindeki (Cankiri, Cerkes, ligaz ve Kursunlu) meteoroloji istasyonlarinin maksimum ve minimum
sicaklik analizi sonuglari genel olarak degerlendirildiginde, maksimum sicakliklar tim istasyonlarda anlamli
artis egilimindedir. Maksimum sicakliklardaki artis egilimi Cankiri ve Cerkes’'te 0.01; llgaz ve Kursunlu'da
0.001 diuzeyinde anlamhdir. Minimum sicakliklar ise llgaz digindaki diger istasyonlarda anlaml olmayan artis
egilimine sahiptir. llgaz’da ise anlamli olmayan azalma egilimi gérulmektedir.

Calismadan elde edilen sonuglar, sicaklilarda artis egilimi géstermesi bakimindan Turkiye dlgeginde
hazirlanan calismalarla paralellik gostermektedir. Yasanan sicaklik artiglari iklim degisikligi etkileriyle iliskili
olabilecegdi gibi dogal alanlarin tahribati, sehirlesme, insan kaynakl etmen ve surecle de iligkili olarak sicaklik
artiglarinin daha kuvvetli hale gelmesine neden olabilmektedir.
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Mus’da Kiiresel iklim Degisikliginin Etkisiyle Sicaklik, Yagis ve Bunlara Bagh Olarak
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Ozet: Kiresel iklim degisikligi, dinya genelinde o©zellikle sicaklik artigi ve yagislardaki azalmayla birlikte iklimlerde
kuraklagsmaya sebep olacak, diinyadaki butin canlilari ve ekosistemleri etkileyecek, geri doniisti olmayan en énemli kiresel
sorun olarak gosterilmektedir. Su kaynaklari Gizerinde buyik baskiolusturan ve durdurulmasi mimkin goriilmeyen bu sirecin
olasi etkilerinin belirlenebilmesi icin dncelikle iklim tiplerindeki degdisimin tahmin edilmesi ve surecin gelisimine gbre sektorel
bazda

Onlemler alinmasi 6nerilmektedir. Bu noktadan hareketle ¢alismada Mus ili genelinde glinimizdeki sicaklik, yagis ve iklim
tiplerinin (De Martone ve Emberger iklim siniflandirmasina gére) durumu belirlenmis, SSP2 4.5 ve SSP5 8.5 senaryolarina
goére 2060 ve 2100 yillarina kadar olan siregte bu parametrelerin nasil degisecedi belilenmeye calisiimigtir. Calisma
sonucunda Mus il genelinde blylk oranda sicaklik artigi olacadi, iklim tiplerinin kurak iklim tiplerine dogru kayacagi
ongorilmektedir. Bu degisimin etkilerinin blylk oranda bitkiler tGizerinde gérilecegi, tarim, orman ve mera alanlarindaki
etkilerin, ekonomisi biyuk oranda tarim ve hayvanciliga bagh ilde yikici sonuglari olacagi tahminEdilmektedir.

Anahtar Kelimeler: Kuresel iklim degisikligi, Mus, SSPs senaryolari, De Martone, Emberger

Possible Changes in Temperature, Precipitation and Climate Types Due to Global
Climate Change in Mus

Abstract: Global climate change is shown as the most important global problem that will cause drought in climates, especially
with the increase in temperature and decrease in precipitation worldwide, and will affect all living things and ecosystems in the
world. In order to determine the possible effects of this process, which creates great pressure on water resources and seems
impossible to stop, it is recommended that the change in climate types should be estimated first and sectoral measures should
be taken according to the development of the process. Starting from this point, the study determined the current temperature,
precipitation and climate types (according to De Martone and Emberger climate classification) in Mus province, and tried to
determine how these parameters will change in the process until 2060 and 2100 according to the SSPs 245 and SSPs585
scenarios. As a result of the study, it is predicted that there will be a significant increase in temperature in Mus province and
the climate types will shift towards arid climate types. It is estimated that the effects of this change will be seen largely on
plants, and the effects on agricultural, forest and pasture areas will have devastating results in the province, whose economy
is largely dependent on agriculture and animal husbandry.

Keywords Global Climate Change, Mus, SSPs Scenarios, De Martone, Emberger
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1. Girig

Son ylzyilda yasanan sanayi devrimi, diinya genelinde énemli ve kalici degisikliklere sebep olmustur. Sanayi
faaliyetlerinde hammadde olarak kullaniimak Uzere cgesitli elementlerin maden yataklarindan ¢ikartilarak dogaya
salinimi sonucunda su (Uncumusaoglu ve Mutlu, 2021; ipek vd., 2024), toprak (Istanbullu vd., 2023; Giiltekin vd., 2025)
ve hava (Ozel vd., 2024; Isinkaralar vd., 2025a) énemli derecede kirlenmistir. Bu ortamlardaki kirlilik etmenleri birbirini
de etkileyerek sinirli olan kaynaklar izerinde énemli baskiya sebep olmustur. Ornegin kentsel alanlarda antropogenik
kaynakli olarak havaya karisan, agir metaller basta olmak lGzere gesitli kirleticiler, havanin insan sagligini ciddi oranda
tehdit edecek derecede kirlenmesine sebep olmustur (Ghoma vd., 2023; Bayraktar vd., 2024; Koc vd., 2025). Havadaki
bu kirleticiler yergekiminin etkisiyle su ve topragi da kirletmis, su iyi bir ¢dzlcl olmasi dolaysiyla su igerisinde ¢ézlinen
kirleticiler nehirler, goéller ve yeralti sularindaki kirliligin artmasina sebep olmustur (Mutlu ve Aydin Uncumusaoglu, 2018;
Simsek ve Mutlu, 2023; Tokatli vd., 2024).

Su, bitin canlilarin yasami igin temel ve vazgegilmez bir kaynaktir. Dinyanin 3/4&#39;U kapli olmasina ragmen
su ile bunun sadece %2,5&#39;u tatl sudur ve tath suyun %70&%#39;i buzullarda, toprakta, atmosferde ve yer alti
sularinda kullanilamaz haldedir (Mutlu ve Uncumusaoglu, 2024). Bundan dolayi su kaynaklar Gzerinde baski dncelikle
kirlilik dolayisiyla surekli artmaktadir ve kirlilik ginimuzde dinya genelindeki en énemli sorunlarin basinda gelmektedir
(Emin ve Mutlu vd., 2024; Demir vd., 2024).

Su kaynaklari tzerindeki bir diger baski unsuru da kiresel iklim degisikligidir (Gur vd., 2024). Kiresel iklim
degisikligi, kentlesme ile birlikte son ylizyilda sanayi faaliyetlerine baglh olarak ortaya ¢ikan ve artik geri déndirilemez
olarak kabul edilen en énemli kiiresel sorunlardir (Dogan vd., 2023; Isinkaralar vd., 2025b). Kiresel iklim degisikligi,
iklimde kalici ve rijid degisikliklere sebep olan, bu sebeple de dlinya Uzerindeki bitlin canlilari ve ekosistemleri
etkilemesi kaginilmaz olan bir suregctir (Aricak vd., 2024). Cunku canlilarin batun fenotipik karakterleri genetik yapilar
(Sevik vd., 2012; Yasar ismail vd., 2025) ile gevre sartlarina (Kalayci Onac vd., 2021; Cobanoglu vd., 2023; Tandogan
vd., 2023) bagli olarak sekillenmektedir. Cevre sartlari icerisinde en etkin olan ise sliphesiz yagis ve sicaklik gibi klimatik
faktorlerdir (Isinkaralar vd., 2024; Sevik vd., 2025). Bundan dolayi iklimde meydana gelebilecek kalici degisikliklerin
diinya Gzerindeki butiin canlilari etkilemesi kaginilmazdir.

Kiresel iklim degisikliginin geri déndurilemez bir sureg¢ oldugu artik kabul edilmektedir. Bundan dolayi surecin
iklim parametreleri Gzerine etkilerinin belirlenerek siirece adapte olunmasi bir zorunluluktur (Kog, 2021a, Ertirk vd.,
2024a,b). Bu noktadan hareketle, bu galismada da Glkemizin biylk kentlerinden birisi olan Mus’da giinimuzdeki iklim
tiplerinin 2060 ve 2100 yillarina kadar olan siliregte farkl iklim senaryolara gore nasil de@isecedinin belirlenmesi
amaclanmistir.

2. Materyal ve Metod

Calismanin yapildigi Mus ili Tirkiye’nin ekonomik agidan geri kalmis illerindendir. il ekonomisi tarim ve
hayvanciliga dayalidir. Toplam 819.600 hektar olan il ylizélgimuinin 342.198 hektari tarim arazisidir. Tarim arazisinin
335.049 hektar tarla arazisi, 7.149 hektari da bag-bahgedir. Bu arazinin de sadece 158.215 hektari sulanabilir arazidir
(Mus Il Milli Egitim MUdurliga, 2025). Dolayisiyla kiresel iklim degisikliginin, ilin baslica gecim kaynagi olan tarima ve
dolayisiyla hayvancilida etkisinin yikici dizeyde olacagdi dusundlmektedir. Clnki bitkiler besin piramidinin temelini
olusturan canlilardir (Yigit vd., 2021; Sevik vd., 2024) ve hayvancilik da biyik oranda bitki besin kaynaklarina dayalidir.
Bitkilerin de etkin bir hareket kabiliyetine sahip olmamalari dolayisiyla kuresel iklim degisikliginden en fazla etkilenecek
canli grubu oldugu siklikla dile getirilmektedir (Cobanoglu vd., 2023). Bu sebeple Mus’un kiresel iklim degisikliginden
ileri duzeyde etkilenecegi tahmin edilmektedir.

Calisma kapsaminda Mus il genelinin tamaminda SSPs 245 ve SSPs 585 senaryolarina gére dncelikle sicaklik
ve yagis degisim haritalar olusturulmus, daha sonra De Martone ve Emberger iklim siniflarina goére iklim tiplerinin
degisimleri belirlenmistir. Secilen iklim siniflandirmalari, bilimsel ¢alismalarda en ¢ok ragbet géren ve kiresel iklim
degisikligi ile ilgili gahgsmalarda en sik kullanilan iklim siniflarindandir (Kog, 2021a,b; Gur vd., 2024).

Calismada, stratokimlisin Centre National de Recherches Météorologiques model versiyon 6 (CNRM-CM6-1)
2,5 dakika mekansal ¢ozinurliklu 6zellikli iklim modelinin atmosferik bilesen temsili kullaniimistir. Ginim{iz igin nihai
mutabakat haritasi ve WorldClim v2.1 projesinden indirilen gelecekteki beklenen agiklayici degiskenler, ArcGIS 10.5
aracihigiyla yeniden siniflandirilan 21. ylzyil boyunca senaryo haritalarinin olusturulmasi igin temel olusturmustur.
Calisma kapsaminda segilen iki adet SSP2 4.5 (4.5 W/m2- an intermediate) ve SSP5 8.5 (8.5 W/m2- the most extreme)
senaryolari ile U¢ ayri periyotta (ginimiz, 2060 ve 2100) iklim parametreleri ve iklim tipleri degisimi tahminleri
yapiimistir. Bu senaryolar insan faaliyetlerinden kaynaklanan ve sera gazlari ile kirleticilerin konsantrasyonunu temsil
etmektedir.

Calisma kapsaminda tercih edilen iklim siniflandirmasindan De-Martonne iklim siniflandirmasi (1929), yillik
ortalama sicaklik, yillik ortalama yagdis toplami; ocak ve temmuz aylarinda gorilen sirasiyla en yilksek sicaklik
ortalamalari ve en dislk sicaklik ortalamalari, bu ortalamalarin farkina dayanir. Yillik yadis miktari yagish ve kurak
iklimleri birbirinden ayirt eder. Kuraklik, yagis miktariyla birlikte buharlagma faktoru olarak karsimiza gikan sicaklikla da
baglantihdir. Calisma kapsaminda kullanilan De Martonne, siniflandirma formulleri asagida verilmistir (Akman, 1990).

De Martonne Formili:
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IM=P/(T+10)

P: Yillik Ortalama Toplam Yagis

T: Yilhk Ortalama Sicaklik (C)

De Martonne iklim indis degerlerine gére iklim formdlleri Cografi Bilgi Sistemleri programlarindan biri olan Arc GIS 10.5
yazihmiyla uygulanmis ve Mus genelinde iklim modelleri indis degerleri hesaplanmistir. Hesaplanan iklim modelleri indis
degerlerine gore (Tablo 1) yeniden siniflandirma (reclassify) islemi uygulanmig ve iklim siniflandirma indislerine gore

Haritalar olusturulmustur.

Tablo 1. Mus’da iklim indis degerleri

Hesaplanan deger iklim sinifi
0-10 Kurak
10,1-20 Yari Kurak
20,1-24 Akdeniz iklimi
24,1-28 Yari Nemli
28,1-35 Nemli
35,1-55 Cok Nemli
>55 Asirt Nemli

Calismada kullanilan diger iklim siniflandirmasi olan Emberger iklim siniflandirmasi Fransiz fitocografyaci ve botanikgi
Emberger (1933) tarafindan olusturulmus olup ekofizyolojik temellidir. Emberger, daha ziyade Akdeniz iklimi ve bu bdlgelerin iklimsel
sorunlari Gzerinde yogunlasmistir. Akdeniz iklimini fotoperiodizme, yaz yagisi miktarina, kurak mevsim siiresine ve yagdish mevsimde
saganak ve seyrek yagis olup olmadidina, yagis miktarlarinda bulunan yillik ve aylik degiskenlik niteliklerine gére tanimlamistir
(Akman, 1990).

Emberger Formli (°C):

IE= ((100.P)/(M2-m2))

M: En sicak ayin en ylksek sicaklik ortalamasi

m: En soduk ayin en dusuk sicaklik ortalamasi

P: Yillik ortalama toplam yagis

Tablo 2. ilgili iklim sinif ve degerleri

Hesaplanan Deger iklim Sinifi
<30 Kurak
30-50 Yari Kurak
50-90 Yari Nemli
>90 Nemli
3. Bulgular

Calismaya konu senaryolara goére, Mus ilinin ginimuz ile 2100 yilina kadar olan suregte, 40’ar yillik periyodlarda
sicaklik degisimi gorsel olarak Sekil 1’de verilmigtir.

Sekil 1’de goéruldugu tGzere Mus il genelinde ortalama sicakhdin 2100 yilina kadar énemli derecede artacagi
ongodrulmektedir. Glinimuizde ilin buydk bdlimud 6-10 °C ortalama sicaklida sahipken ilin baylk bdlimindn 2100 yilina
kadar SSP2 4.5 senaryosuna goére 10-14 °C, SSP5 8.5 senaryosuna gore ise 14-18 °C ortalama sicakliga sahip olacagi
gorilmektedir. Mus ilinin giinimuz ile 2100 yilina kadar olan sirecte, 40’ar yillik periyodlarda sicaklik deg@isimi alansal
olarak Tablo 3'te verilmistir.
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Tablo 3. Mus’da sicaklik deg@isimi

Sicaklik SSP2 4.5 SSP5 8.5
arahdi Ginidmiz 2060 2100 2060 2100

0-2 0,08
2-4 1,51
4-6 6,84 0,88 0,31
6-8 52,46 2,62 1,06 1,75
8-10 33,31 22,98 3,7 10,99 0,04
10-12 5,8 54,28 27,45 55,43 1,3
12-14 19,15 51,08 30,08 4,42
14-16 0,09 16,66 1,44 31,46
16-18 0,05 49,11
18-20 13,65
20-22 0,02

Tablo degerleri incelendiginde glinimizde ilin yaklasik %52,46’s1 6-8 °C, %33,31'i 8-10 °C ve %6,84’0 4-6 °C
araliginda ortalama sicakliga sahiptir. Dolayisiyla ilin yaklasik 92,7’si 6-12 °C ortalama sicakliga sahiptir. SSP2
4.5 senaryosuna gore 2100 yilina kadar ilin yaklasik %51,08'i 12-14 °C, %27,45’i 10-12 °C ve %16,66’s1 14-16 °C
ortalama sicakliga sahip olacaktir. SSP585 senaryosuna gore ise 2100 yilina kadar ilin yaklasik %49,11’i 16-18
°C, %31,46’s1 14-16 °C ve %13,65’i 18-20 °C ortalama sicakliga sahip olacaktir. Kisaca 2100 yilina kadar SSP2
4.5 senaryosuna goére ilin yaklasik %95,19'u 10-16 °C ortalama sicakliga, SSP5 8.5 senaryosuna gore ise ilin
yaklasik %94,23'U 14-20 °C ortalama sicakhga ulasacaktir. Calismaya konu senaryolara gére Mus il genelinde
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yagis degisimi Sekil 2’de verilmistir.
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Sekil 2. Yagis degisimi
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Mus il genelinde yagdis degisim haritasi incelendiginde yagdis miktarinin 6nemli dlgctde
azalacagi, 6zellikle ilin gliney ve bati boliminde gunimuizde 700 mm’nin Uzerinde yadis alan bdlgelerin
onemli Olgtide etkilenecegi ve bu bélgede yagis miktarinin blyik oranda disecegi tahmin edilmektedir.
Mus il genelinde 2100 yilina kadar olan surecte, 40’ar yillik periyodlarda yagis miktarinin degisimi alansal
olarak Tablo 4’te verilmistir.

Tablo 4. Mus’da yagis miktarinin degisimi

SSP2 4.5 SSP5 8.5
Yagis arahgi GUnimuz 2060 2100 2060 2100

500-550 12,31 8,8 951 1141 12,26
550-600 11,75 13,75 13,68 12,86 13,6
600-650 7,69 784 7,89 8,57 10,52
650-700 18,38 16,93 18,99 21,18 26,12
700-750 19,48 21,06 20,39 191 19,19
750-800 16,01 16,29 16,36 14,83 9,1
800-850 5,04 583 476 431 8,52
850-900 6,27 682 7,46 7,06 0,69
900-950 3,07 268 09 0,68
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Calismaya konu Mus il genelinde yagis durumunun degisimi incelendiginde genel bir dists oldugu
gorilmektedir. Gunimuzde il genelinde 650 mm’nin Uzerinde yagdis alan bdlge il genelinin yaklasik %
68,25’i iken bu oran 2100 yilinda SSP2 4.5 senaryosuna gére %49,93’e, SSP5 8.5 senaryosuna gore ise
%37,5’e dismektedir. Benzer sekilde fazla yagis alan bolge miktari azalmakta, giinimuizde 900 mm’nin
Uzerinde yagis alan bélge il genelinin yaklasik %3,07’si iken bu alanlarin 2100 yilinda il genelinin SSP2
4.5 senaryosuna gore %0,96’sina disecegdi, SSP5 8.5 senaryosuna gore ise ortadan kalkacagi tahmin
edilmektedir.

Calismaya konu senaryolara goére, Mus ilinin giinimiz ile 2100 yilina kadar olan suregte, 40’ar yillik
periyodlarda De Martonne iklim siniflarina gore, iklim tiplerinin slreg igerisindeki degisimi Sekil 3’te
verilmigtir.
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Sekil 3. De Martonne iklim siniflandirmasina goére iklim siniflarinin degisimi

Mus’da De Martonne iklim siniflandirmasina gére iklim siniflarinin degisimi incelendiginde
sicaklik artisi ve yagistaki azalmanin etkisinin iklim siniflarina yansidigi ve biylk oranda kuraklasma
oldugu goérilmektedir. GUndmuzde ilin bayuk béliminde goérilen nemli ve ¢ok nemli iklim tipleri SSP 585
senaryosuna gore 2100 yilina kadar yerini bUyUk oranda akdeniz iklimi ve yari nemli iklim tiplerine
birakacaktir. Bu degisimden en fazla etkilenecek kisimlarin ise ilin orta ve gliney bélumu olacadi tahmin
edilmektedir. De Martonne iklim siniflandirmasina goére iklim siniflarinin alansal degisimi Tablo 5’te
verilmigstir.
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Tablo 5. De Martonne iklim siniflandirmasina gore iklim siniflarinin alansal degisimi

SSP2 4.5 SSP5 8.5

iklim tipi Ginimiz 2060 2100 2060 2100

Yari Kurak 0,84
Akdeniz iklimi 1,4 0,03 34,64
Yari Nemli 13,21 26,42 22,64 40,60
Nemli 27,46 49,65 54,40 52,42 23,28

Cok Nemli 70,35 37,14 17,78 24,91 0,64

Asiri Nemli 2,19

De Martonne iklim siniflandirmasina gére ginimizde Mus ilinin yaklasik %70,35’inde ¢ok
nemli, %27,46’sinda nemli, %2,19'unda ise asiri nemli iklim tipi gérilmektedir. Yapilan hesaplamalar 2100
yilinda SSP2 4.5 senaryosuna gobre ilin yaklasik %54,40’inda nemli, %26,42’sinde ise gunumuzde
varolmayan yari nemli iklim tipinin gérilecegini ortaya koymaktadir. SSP5 8.5 senaryosuna gore ise 2100
yilinda ilin yaklasik %40,60’inda yari nemli, %34,64’Ginde ise Akdeniz iklim tipi gorulecektir. Emberger
iklim siniflarina gére, Mus’de iklimin sireg icerisindeki degisimi Sekil 4’te verilmigtir.
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Sekil 4. Emberger iklim siniflandirmasina gére iklim siniflarinin degisimi
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Glnumuizde ilin tamaminda goérulen yari nemli ve nemli iklim tiplerinin yerini hizla kurak iklim
tiplerine birakacagi tahmin edilmektedir. Giinimuzde yok denecek seviyede olan yari kurak alanlarin 2060
yilina kadar ortaya gikacagi, SSP5 8.5 senaryosuna gore 2100 yilina kadar bu aalanlarin ilin blayik
bélimind kaplayacagdr 6ngorilmektedir. Emberger iklim siniflandirmasina goére iklim siniflarinin alansal
degdisimi Tablo 6’da verilmistir.

Tablo 6. Emberger iklim siniflandirmasina goére iklim siniflarinin alansal degisim

SSP2 4.5 SSP5 8.5
iklim tipi Ginuimiz 2060 2100 2060 2100
Yari Kurak 3,03 33,43 20,68 85,92
Yari Nemli 57,34 90,70 65,44 76,98 14,08
Nemli 42,66 6,27 1,13 2,34

Emberger iklim siniflandirmasina gére ginimizde Mus ilinin yaklasik %57,34’inde yari nemli, %42,66’sinda
ise nemli iklim tipi hiUkim strmektedir. Tablo degerleri incelendiginde il genelinde kuraklagsma surecinin gok
hizl olacagi ve 2060 yilinda SSP2 4.5 senaryosuna gore %90,70’'inde yari nemli iklim tipinin gorilecegi, 2060
yilinda SSP5 8.5 senaryosuna gore ilin %76,98'inde yari nemli, %20,68'inde ise yari kurak iklim tipinin hikidm
surecegdi 6ngodrulmektedir. 2100 yilina gelindiginde ise ginimuizde varolmayan yari kurak iklim tipinin hikim
surdugu alanlarin SSP2 4.5 senaryosuna gore ilin yaklasik %33,43’inde, SSP5 8.5 senaryosuna gore ise
%85,92’sinde hakim olacagi tahmin edilmektedir.

4. Tartigsma

Calisma sonuglari kiresel iklim degisikliginin Mus’da iklim parametrelerini 6nemli élglide etkileyecegini,
bu etkilerin 2060 yilinda net bir sekilde goérilecegini, 2100 yilinda ise blyuk ¢apl degisiklikler olacagini ortaya
koymaktadir. Bu degisimin dnemli miktarda sicaklik artisi, yadislarda azalma ve bunlara bagh olarak iklim
tiplerinin kurak iklim tiplerine dénismesi seklinde gergeklesecedini tahmin edilmektedir. Benzer degisimlerin
dinya genelinde yasanacadi yapilan ¢alismalarla ortaya konulmus olup, Turkiye’nin “risk altindaki tlkeler”
arasinda yer aldigi, 2100 yilina kadar Ulke genelinde 6 °C&#39;yi bulan sicaklik artiglari gorulebilecegi
belirlenmistir (Aricak vd., 2024). Kuresel iklim degisikligine bagh olarak Mus ilinde iklim tiplerindeki degisimin,
tarimsal faaliyetlerden bitki tirlerinin yayilis alanlarina, ilin enerji ihtiyacindan insanlarin konfor alanlarina kadar
hemen her alanda farkli dizeyde etkileri olmasi beklenmektedir. Clinku bilindigi Gzere iklim, insanlarin fiziksel
cevresini sekillendirdigi gibi, insanoglunun yasami, her tirli sosyal ve ekonomik faaliyeti, bitiin canlilar igin
habitatlarin olusumu lzerinde etkilidir. insanlarin giyim tercihlerinden, her tiirlii ekonomik siirece, toplumlarin
dil ve kultur gelisimine kadar pek ¢ok alanda iklimin etkisi gortlmektedir. Hatta iklimin, insanlarin psikolojik
durumlarini da énemli élcide etkiledigi belirtiimektedir (Kog, 2022a,b; Dogan vd., 2024). Calisma sonuglari
gelecek yillarda Mus ili genelinde sicaklik ortalamasinda 6nemli miktarda artis olacagini, yagisin azalacagini
ve bunlara bagl olarak iklim tiplerinin hizla kurak iklim tiplerine dogru kayacagdini géstermektedir. Bu surecten
neredeyse butun canlilar ve ekosistemler dnemli dlgclide etkilenecektir. Ancak en faza etkilenecek canl grubu
etkin bir hareket kabiliyetine sahip olmayan bitkilerdir. Yani tarim, orman ve mera alanlari siregten blyik zarar
gorecektir. Bunun sonucunda ekonomisi blyuk 6l¢iide tarim ve hayvanciliga dayali Mus ilinin ekonomik olarak
blylk zarar gérmesi kaginilmazdir. Surecin etkilerini azaltmak i¢in simdiden gerekli tedbirler alinmali, 6rnegin
tarimsal alanda su ihtiyaci daha az olan genotiplerin kullanimi, suyun idareli kullanimini saglayan damla sulama
sistemleri gibi ileri sulama sistemlerinin tercih edilmesi, degisen iklim sartlarina gére urin tercihi, her alanda
surdurdlebilirlik prensibinin 6n planda tutulmasi énerilmektedir. Su kullanimi konusunda planlamalar yapilmal,
halkin bilinglendirilmesinin saglanarak su israfinin 6nlenmesi, evsel ve sanayi su kullaniminin azaltilmasi, her
alanda su tasarrufu saglayan makinelerin tercih edilmesi, su hasatinin yapilarak sularin yagish mevsimlerde
depolanmasi gibi uygulamalar yayginlastiriimahdir.

5. Sonug

iklimin diinya Gzerindeki bitiin canlilari etkileyen bir faktdr olmasi, iklimsel degisimleri ayrica énemli
kilmaktadir. Yapilan ¢alismalar iklim degisikliginin en fazla gdller, nehirler, yeralti sulari gibi tath sular Gzerinde
baski olusturacagini, suyun gelecek yillarda en degerli kaynak olacagini ortaya koymaktadir. Zaten varolan
kirlilik sorununun olusturdugu baski ile birlesen iklimsel stresler, su kaynaklarini ciddi bigimde tehdit edecektir
(Sevik ve Topacoglu, 2015; Demir vd., 2021; Key vd., 2023). Bu durum dinyadaki canli yagami agisindan
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blyuk bir tehdittir ginkd battin canli yagsami suya bagimlidir ve canlilarin bitin fenotipik karakterlerini genetik
yapl ile birlikte cevresel faktorler sekillendirir (Kurz vd., 2023; Hrivnak vd., 2023). Cevresel faktorler icerisinde
en 6nemlileri de sliphesiz, kiresel iklim degisikliginin en fazla etkileyecegi sicaklik ve yagis faktorleridir (Kog,
2021a,b; Canturk vd., 2024).

Su agsamada, kuresel iklim degisikligi ile yuzlesilmesi gerektigi belirtiimekte, surecin yikici etkilerinin
azaltilabilmesi igin de her alanda muhtemel degisimlerin belirlenerek tedbir alinmasi gerektigi vurgulanmaktadir
(Varol vd., 2022; Isinkaralar vd., 2023; Ertlrk vd., 2024a,b). Bu sebeple kiresel iklim degisikliginin etkileri ile
iklimsel parametrelerdeki degisimlerin belirlenmesi konusunda ¢ok sayida ¢alisma yapilmis, Glkemizde yapilan
calismalarda da bu durum ortaya konulmustur. Ornegin Bolu'da Lang iklim siniflandirmasina gére yapilan
calismada ginimiizde Bolu’'nun sadece %0,71’inde kurak iklim hikim strerken 2070 yilinda bu oran RCP 4.5
senaryosuna goére %18,17 ve RCP 8.5 senaryosuna gore ise %30,41 seviyesine ¢ikacag: belirtiimistir (Kog,
2021a). Yine Emberger iklim siniflandirmasina gére giunimuizde Bursa ilinde kurak ve yari kurak alanlar
bulunmazken 2100 yilina gelindiginde SSPs 585 senaryosuna gore ilin yaklasik %5,8’inde kurak, %82,65’inde
yari kurak iklim tipinin hakim olacagi 6ngérulmektedir (Aricak vd., 2024). Duzce’de yapilan bir galismada da
De Martonne iklim siniflandirmasina goére ginumuizde il genelinin yaklasik %47.22’sinde nemli, %52.78’inde
asirt nemli iklim tipi hukum surerken 2070 yilinda RCP 4.5 senaryosuna gore ilin yaklagik %19.94’Unde yari
nemli, %71.10’'unda nemli iklim ve %8.96’sinde de ¢ok nemli iklimin etkisinin gorilecegdi belirlenmistir (Kog,
2021b). Yapilan diger ¢ok sayida calismada da sicaklik artisi, yagislarda azalma ve iklim tiplerinde kurak iklim
tiplerine dogru kaymalar olacagdi vurgulanmistir (Kog vd.,2022a; Cantirk vd., 2024).

iklim parametrelerinde yasanacak degisimin biitin canli yasamini dogrudan veya dolayli olarak
etkileyecegi ancak en yikici etkilerin bitkiler Gizerinde olacagi belirtiimektedir. Clinki diger canlilar gibi bitkilerin
de bitin fenotipik karakterleri genetik yapilari ile gevre sartlarinin etkilesimi altinda sekillenir ve en énemli
cevresel faktorlerin basinda da klimatik faktorler yani iklim gelir (Erdem vd., 2024; Ozturk Pulatoglu vd., 2025).
Dolayisiyla iklimde yasanacak kalici degisikliklerin bitkiler Gzerindeki etkisi daha da yikici olmasi kaginilmazdir.
Ozelikle uzun hayat devresine sahip olan ve etkin bir hareket kabiliyetine sahip olmayan yiiksek yapili agaglar,
Ornegin orman agaglari, bu surecgten 6nemli Olgiide etkilenecek, birey, tlr ve hatta populasyon kayiplari
kaginilmaz olacaktir (Cobanoglu vd., 2023). Sirecin etkilerinin en fazla bitkiler Uzerinde gorulecegi
dusunuldigunde tarim, mera ve ormanlik alanlarin ileri derecede etkilenecegdi séylenebilir. Bu durumda Mus
gibi ekonomisi tarim ve hayvanciliga dayali illlerin, bu siregten ileri derecede muzdarip olmasi kaginiimazdir.

6. Etik Standartlara Uygunluk

a) Yazarlarin katkilari

1. HK: Calismayi tasarladi ve verileri yorumladi.

2. SC: Laboratuvar galismasini gergeklestirdi.

3. HK ve $C: Laboratuvar galismasini gergeklestirdi ve makaleyi hazirladi.

b) Cikar catigsmasi
Yazarlar ¢ikar ¢catismasi olmadigini beyan ettiler.

c) Hayvanlarin refahina iligkin beyan
Bu calisma Deney Hayvanlari Yerel Etik Kurul Calisma protokoliini kapsamamaktadir.

d) insan haklar beyani
Bu calisma insan katilimcilari kapsamamaktadir.

e) Funding
This study was supported by
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Yapay Zeka Uygulamalarinin Mavi Yiizgegli Orkinos (Thunnus Thynnus (Linnaeus,
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Ozet: Yapay Zeka (YZ); 6grenme, problem ¢dzme ve karar verme gibi tipik olarak insan zekasi gerektiren gérevleri yerine
getirebilen bilgisayar sistemlerinin gelistiriimesi ve uygulanmasi anlamina gelmektedir ve son yillarda birgok sektérde kullanimi
yayginlasmistir. Yapay zeka; balik yetigtiriciliginde balik blyimesi ve saglidinin anlagiimasini ve yonetimini dnemli élctide
artirabilecek gercek zamanl izleme, veri analitigi, tahmine dayali modelleme ve karar destek sistemleri icin firsatlar
sunmaktadir. Yapay zekanin son yillarda orkinos avciligi ve orkinos et kalitesinin belirlenmesinde de kullaniimaya baslandigi
gorilmektedir. Orkinos’un kalitesini degerlendiren bir YZ sistemi olan TUNA SCOPE, Cermag ve Umitron Corporation gibi
sirketlerin balik saghgini ve refahini iyilestirmek igin cesitli girisimlerde bulunduklari goérilmektedir. YZ'nin su Urinleri
yetistiriciligine entegrasyonunun, isglicti maliyetlerini ve gevresel etkileri azaltirken verimliligi ve balik refahini artiran veri odakli
kararlara olanak taniyarak sirdirilebilir uygulamalarda devrim yaratmasi beklenmektedir. Calismamizin amaci; yapay
zekanin balikgilik ve su drinleri yetistiriciligindeki kullanimi, orkinoslarda yapay zekanin kullaniminin ne durumda oldugunu
ortaya ¢ikartmaktir. Bu amacla Su Urlinlerinde Yapay Zekanin kullanimi ile ilgili yapilmis olan galismalar i¢in Web of Science,
Google Akademik ve Scopus’da “Atrtificial intelligence”, “Artificial intelligence AND (fisheries OR aquaculture)”, “Artificial
intelligence AND Aquaculture)” anahtar kelimeleri ile 2000-2024 yillari arasinda yapilmis galismalar taranmis ve tarihsel
gecmisini grafiklerle ortaya c¢ikartarak yorumlamaktadir. Bu ¢alisma sayesinde ileride yapilacak su Urltnleri yetistiriciligi
¢alismalarinda yapay zeka uygulamalari igin bir alt yapi olusturulmalidir.

Anahtar Kelimeler: Yapay Zeka, Mavi Yiizgegli Orkinos, Su Uriinleri Yetistiriciligi, Thunnus thynnus

The Role of Artificial Intelligence in the Fishing and Aquaculture of Bluefin Tuna
(Thunnus Thynnus (Linnaeus, 1758))

Abstract: Artificial Intelligence (Al) refers to the development and implementation of computer systems that can perform tasks
that typically require human intelligence, such as learning, problem solving, and decision making, and its use has become
widespread in many sectors in recent years. Al offers opportunities for real-time monitoring, data analytics, predictive modeling,
and decision support systems that can significantly improve the understanding and management of fish growth and health in
aquaculture. In recent years, Al has also been used in tuna fishing and determining tuna meat quality. Companies such as
TUNA SCOPE, an Al system that evaluates the quality of tuna, Cermag, and Umitron Corporation have been making various
initiatives to improve fish health and welfare. The integration of Al into aquaculture is expected to revolutionize sustainable
practices by enabling data-driven decisions that increase efficiency and fish welfare while reducing labor costs and
environmental impacts. For this purpose, studies on the use of Artificial Intelligence in Aquaculture were scanned in Web of
Science, Google Scholar and Scopus with the keywords “Artificial intelligence”, “Artificial intelligence AND (fisheries OR
aquaculture)”, “Artificial intelligence AND Aquaculture)” and studies conducted between 2000-2024 were interpreted by
revealing their historical background with graphics. With this study, it is aimed to create an infrastructure for artificial intelligence
applications in future aquaculture studies.
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1. Giris

Yapay Zeka; 6grenme, problem ¢ézme ve karar verme gibi tipik olarak insan zekasi gerektiren gérevleri yerine
getirebilen bilgisayar sistemlerinin gelistiriimesi ve uygulanmasi anlamina gelmektedir (Dellermann ve ark. 2019). Yapay
zeka uygulamalari dinyada farkli alanlarda kullaniimaktadir. Son yillarda ise 6zellikle mavi buyime stratejisinde bilim
odakli bilgisayar sistemleri ve yapay zeka ile desteklenen yaklagimlarin kullanildigi gorilmektedir (Sekil 1).

Yapay zekanin birgok tanimi yapilmaktadir. Ornek verilecek olursa; yapay zeka “Gérsel algi, konugma, tanima,
karar verme ve diller arasi geviri gibi normalde insan zekasi gerektiren goérevleri yerine getirebilen bilgisayar
sistemlerinin teorisi ve gelistiriimesi" tanimlamiglardir. (Coro, 2020) ginimizde su Urlnleri yetigtiriciliine de
uygulanmaya baslanmistir (Sekil 2).

FAO; 1960’l yillarda kisi bagina balk tiketiminin 9 kg oldugu, gunimuzde ise bu rakamin 20 kg'in Uzerine
¢iktigini ve su drdnleri yetistiriciliginin diinyanin artan ntfusunu beslemek igin hayati 6nem tagidigini belirtmistir (FAO,
2024). Bu buyumeye paralel olarak bazi gereksinimler gindeme gelmis ve yapay zeka uygulamalar sektérde
baslatilmistir. Ginimuzde su Urlnleri yetigtiriciligine uygulanan yapay zeka tarihi, Fuzzy Mantik (Bulanik Mantik) adi
verilen bir kavramla baglamigtir. 1965 yilinda Zadeh (1965) "Bulanik Kime" baglikh bir makale yayimlamigtir.

Ekolojik nig
odelleme (Corg
ve ark.,, 2015)

Gemi veri analizi
(Coro ve ark.,
2013)

Insan Etkisi
(Magliozzi ve
ark., 2019)

Siirdiiriilebili

Balik¢ilik faaliyet

Turizm ¢il
(Magliozzi ve tahmll<n IZ(OCi%rbO ve
ark., 2019) ark. )
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- Stok
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2020) 2018)
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Sekil 1. Yapay zeka uygulamalariyla Mavi Biyume’ ye verilen destegin mantik semasi (Coro, 2020)
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Zadeh makalesinde nesnelerin siniflarinin "Gyelik derecelerinin bir sureklilik gésterdigi" yeni bir kavrami
sunmustur. Bu kavram, birgok seyin net bir sekilde belirli bir kategoriye girmedigini vurgulayarak, bugin bulanik
mantik olarak bilinen kavramin temellerini atmistir.

Su drunleri yetigtiriciligi ve su Urnleri avciligindan elde edilen Uretimin 2018 yilinda diinya ekonomisine
401 milyar dolar katki sagladigi, su urlnlerinin insan gidasi olarak kullaniimasinin yani sira dinyada 59,5
milyon insana gegim kaynagi olusturdugu da bilinmektedir (Gladjua ve ark., 2022). Bu sektérde yasanan sirekli
ve hizli blylime yenilikgilige dayali akilli teknolojilerin benimsenmesini zorunlu kilmakta olup balik yetistiriciligi
uygulamalarini optimize etmek ve sirdirilebilir su Urlinleri yetistiriciligini saglamak icin bagh yapay zeka (YZ2)
teknikleri ilerlemistir (Austin ve di§.2022).

Su drinleri yetistiriciligi, balik, kabuklular ve yumusakgalar gibi suda yasayan organizmalarin belirli bir
ortamda yetistiriimesi, Uretilmesi ve toplanmasi islemidir. Fiziksel, biyolojik ve ekonomik ortamlar ve sureclere
sahip son derece dinamik bir sistemdir. Bu nedenle tarim ve hayvancilik sektdrlerinde oldudu gibi, balik
yetigtiricileri ve isletmelerinde risklerin Gstesinden gelmek ve gelisiminin saglanmasi agisindan her gin gesitli
kararlar almasi gerekmektedir. Bu yuksek riskli ortamda YZ uygulamalari ile veri madenciligi ve makine
dgrenimi araglarinin uygun kullanimi, su tranleri yetistiriciligi tesislerinin daha iyi ydnetilmesi icin, besleme, su
kalitesinin izlenmesi ve kontroll, balik biyokutlesi ve refahinin izlenmesi, hastalik gibi tum ciftcilik ve biyolojik
suregleri kapsayan akilli gézimleri saglayabilmektedir (Sekil 2, Sekil 3).

RAS'ta su filtreleme
ve geri doniistimiin
proses kontrolii

Su Uriinleri
yetistiriciligi
operasyonlari i¢in
karar destegi

Su Kalitesinde
anormallik tespiti ve
erken uyari

Uretim
Sistemlerinin
Izlenmesi ve
Kontrolii

Kafes
yetistiriciliginde
fiziksel yapilarin

otamatik igletimi ve

bakimi

Uretim ortaminin
gercek zamanl
izlenmesi ve uzaktan
kontrolu

Ureme ve Biiyiime
ozelliklerini iyilestirmek
i¢in fotoperiyodun,
oksijenlenmenin ve diger
degiskenlerin akilli
manipiilasyonu

Sekil 2. Su driinleri yetistiriciliginde Uretim Sistemlerinin izlenmesi ve Kontrolii verilerinin makine
teknikleri ile potansiyel uygulamalarinin sematik gésterimi (Gladju ve dig. 2022)
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Sekil 3. Su drinleri yetistiriciliginde operasyonlari igin karar destegi icin gerekli verilerin makine
teknikleri ile potansiyel uygulamalarinin sematik gésterimi (Gladju ve dig. 2022)

Yapay zekanin su drunleri vyetistiriciligine uygulanabilirligi fikrine dair yapilmis bazi c¢alismalar
bulunmaktadir. Lee ve dig.(2000), bir kapali devirli sistemde denitrifikasyon icin bulanik mantik tabanl bir
kontrol sistemi kullanimi Uzerine bir makale yayinlamiglardir. Calismalari, biyomedikal arastirmalar igin
murekkep baligi barindiran bir sistem igin bilgisayar kontrolli bir denitrifikasyon biyoreaktéri gelistirmeye
odaklanmistir. Bulanik mantik; ¢6zinmis oksijen, redoks potansiyeli ve pH 6lgen sensérlerden gelen gergek
zamanl verileri islemek ve sirasiyla biyoreaktére pompa hizlarini ve karbon besleme eklemelerini kontrol
etmek igin kullaniimistir.

Su drunleri yetigtiriciligi alaninda ise YZ teknikleri; balik blylmesi ve saghdinin anlasiimasini ve
yoénetimini dnemli dlgtde artirabilecek ger¢cek zamanli izleme, veri analitigi, tahmine dayali modelleme ve karar
destek sistemleri icin firsatlar sunmaktadir (Mustapha ve ark., 2021). Akuakultir uygulamalari, yem girdilerini,
enerji tiketimini ve c¢evresel etkiyi en aza indirirken balik biylme oranlarini en st dizeye c¢ikarmayi
amaclamaktadir. Makine 6drenimi, genetik algoritmalar ve derin 6grenme gibi yapay zeka teknikleri, yemleme
stratejilerini optimize etmek, optimum gevresel kosullari belirlemek ve buyime yoringelerini tahmin etmek igin
modeller gelistirmek i¢in kullaniimistir (Chen ve Gu 2020).

Orkinos avciligi Akdenizde M.O 7. yy'da baglamis (Desse ve Desse-Berset 1994) olmakla birlikte
1980’lerde diinya ¢apinda Japonlarin geleneksel yemegi “susi” ve “sasimi” ye olan ilginin artmasi, orkinoslari
daha da ekonomik ve kiymetli hale getirmistir (Fromentin ve Ravier 2005). Buna paralel olarak yogun avcilik
baskisi nedeniyle Atlantik Ton Baliklarinin Korunmasi Uluslararasi Komisyonu (ICCAT) kurulmus olup
komisyon; Atlantik ton balikgihdinda yillik kotalar, kigik boy baliklarin avlanmasinda kisitlamalar ve belirli
balik¢ilik faaliyetleri icin zaman, alan yasaklari konusundaki koruma tedbirlerinden ve yetistiricilik faaliyetlerinin
yonetiminden sorumludur. Tlrkiye 2003 yilinda ICCAT’a resmen Uye olarak uluslararasi boyutta Atlantik ve
Akdeniz'deki tim ton ve ton benzeri tirlerin stok ydnetimi ile tire 6zgu bilimsel arastirmalar yuritmekle
sorumludur.

Orkinos girgir filosunun buyimesi ile gindeme birgok zorluk gelmistir ki bu zorluklardan en édnemlileri;
yakit tiketimini ve karbon ayak izini azaltma ihtiyacidir. Optimum Orkinos avlama alanlarini tahmin etmek igin
tasarlanmis araglar; yeni uygun balikgilik alanlarinin yerini belirleyerek arama suresini azaltmakta bdylece iklim
degisikligi nedeniyle balik dagilimindaki degisikliklere uyum saglamaya katkida bulunabilmektedir. Gida ve
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Tarnim Orgiti (FAO) istatistikleri, deniz bali§i avcilik miktarlarinin son 20 yilda sabit kaldigini géstermektedir
(FAO, 2023). Buna karsin yakit tiketimi %20 artmis ve bunun sonucunda sera gazi emisyonlari ortaya gikmistir
(Bell ve dig. 2017). Yakit tuketimi gemi faaliyetinin toplam yillik maliyetinin %60-70'ini olugturmaktadir (Rojon
ve Smith, 2014; Suuronen ve ark., 2012). Balik¢ilk faaliyetleri arasinda, ylksek oranda goé¢ eden buyuk pelajik
turleri hedefleyen filolar en yiuksek ve en degisken yakit tlketimine sahip olanlardan biridir (Parker ve
Tyedmers, 2015). Yakit tiketiminin %901 Orkinos sirilerini arama ve balik¢ilik alanlarina ulasmaya
ayrildigindan (Basurko ve ark., 2022), arama ¢abasini azaltmak bu filolarin yakit tasarrufu yapmasina katkida
bulunabilmektedir (Granado ve dig. 2021). Bu baglamda daha ylksek dijitallesme, balikgilik endistrisinin yakit
tiketimini ve girgir teknelerinin denizde gecirdigi slreyi azaltmayi hedeflemektedir (Erauskin-Extramiana vd.,
2023). Sardurulebilir balikeilik igin balikgi filolari zamanla daha fazla teknolojiyi kullanmaya baglamislardir ve
bu yenilik “Akilli Balikgilik” olarak adlandiriimistir (Honarmand Ebrahimi ve ark., 2021). Ornegin, balikgilik
endustrisi, yiksek duzeydeki dijitallestirmeye dayanarak, deniz alanlarinin ¢evresel kosullarini karakterize
etmek ve balik¢ilik alanlarini daha az ¢gabayla cografi olarak belirlemek icin diinya gézlem verilerinin kullanimini
artirmaktadir (McCauley ve ark., 2016).

Bu makalenin amaci “Yapay zeka uygulamalarinin mavi yiizgegli orkinos (Thunnus thynnus (Linnaeus,
1758))'un avciliginda ve besiciligindeki roli”’nin incelendigi ve ginimuizde gelisen teknoloji ile birlikte ileri
yillarda daha da 6nem kazanacak olan yapay zekanin Group Sagun blinyesindeki orkinos besiciliginde
kullanimini saglamaktir. Bu nedenle, éncelikle su drtinlerinde yapay zekanin kullanimi ile ilgili arastirmalari
elde etmektir. Bu amagla, ¢alismada 3 farkli indekste (WoS, Google akademik ve Scopus)’ta su Urlinlerinde
yapay zekanin kullanimina goére yapilmis galismalarin indekslerde 2020-2024 vyillari arasinda yapilmis
calismalar ele alinarak genel bir degerlendirme yapilmistir.

2. Materyal ve Metod

Bu galismada Su Urlnlerinde Yapay Zekanin kullanimi ile ilgili yapilmis olan ¢alismalar igin Web of
Science, Google Akademik ve Scopus’da “Artificial intelligence”, “Artificial intelligence AND (fisheries OR
aquaculture)’, “Artificial intelligence AND Aquaculture)’ anahtar kelimeleri ile 2000-2024 yillari arasinda
yapilmis ¢alismalar taranmis ve 6zetlenmistir. Bu makalenin bir bagska amaci da orkinoslarda son vyillarda
kullanilan yapay zeka yontemlerinin belirlenmesine ydneliktir.

Scombridae familyasina ait olan Thunnus thynnus (Linnaeus, 1758) orkinos balidi; fusiform vicut
yapisina sahip pelajik oseanodrom baliklar olup hizli yiziculerdir (Sekil 4). Viicut yapilarn sudaki strtinmeyi
en aza indirgeyerek hizli yizmelerine yardimci olmaktadir. Okyanus tirleri olmakla birlikte mevsimsel olarak
kiylya yaklagmakta ve suru halinde yasamaktadirlar (Froese and Pauly, 2024). Turde maksimum boy ve agirlk
sirasiyla; 458 cm ve 684 kg olarak bildirilmistir (Claro, 1994). Orkinos igin resmi olarak kaydedilmis en biyuk
agirlik ise 726 kg'dir (Mather vd. 1995). Turln sistematikteki yeri asagida verilmistir.

Klasis: Osteichthyes
Ordo: Scombriformes
Familya: Scombridae
Genus: Thunnus
Thunnus thynnus (Linnaeus, 1758) Mavi Yuzgegli Orkinos

Fotograf; MiroMirkovic, 2024

Sekil 4. Thunnus thynnus
(https://fishbase.mnhn.fr/'summary/SpeciesSummary.php?ID=147&AT=Aleta+azul)

Orkinoslar daha ¢ok kuzey yarimklre sularinda olmak Utzere 6zellikle; Kuzey-Bati Pasifik Okyanusu,
Kuzey-Dogu Atlantik Okyanusu ve Akdeniz’de dagihm géstermektedir (Mather vd. 1995) (Sekil 5).

100


https://fishbase.mnhn.fr/summary/SpeciesSummary.php?ID=147&AT=Aleta+azul

Sekil 5. Thunnus thynnus tirindn dagilimi
(https://fishbase.mnhn.fr/summary/SpeciesSummary.php?ID=147&AT=Aleta+azul)

3. Bulgular

Bu galismada; yapay zekanin kullanimi ve geligimi Gizerine 2000-2024 arasinda yapilmis ¢alismalar Web
of Science (WoS), Google akademik ve Scopus’da arastiriimistir. Ayrica daha sonra da yapay zekanin su
urtinleri sektoriindeki kullanimi ve su Urtnleri yetistiriciligindeki gelisim durumu incelenmis ve degerlendirilmistir
(Sekil 6, 7, 8).

Sekiller incelendiginde WoS’da, Google Akademik’te ve Scopustaki sonuglara gore yapay zeka ile ilgili
calismalarin 2019 yilindan sonra hizlica arttii séylenebilir. Bunun yaninda balik¢ilik ve yetigtiricilik anahtar
kelimelerinin her ikisi ile tarandiginda 2021 yilinda birden artti§i ve sadece Aquaculture calismalari
incelendiginde ise 2023 yilinda bir artisa gectigi sdylenebilmektedir.

Balik yetigtiricili§i olarak da bilinen akuakultdr, baliklarin, kabuklularin, yumusakgalarin ve diger suda
yasayan organizmalarin kontrolli ortamlarda yetistiriimesini icermektedir (Chauhan ve Mishra 2022).
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Sekil 6. WoS’da taranan yayinlarin sayisi (A: Artificial intelligence, B: Artificial intelligence AND
(fisheries OR aquaculture), C: artificial intelligence AND aquaculture)
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Sekil 7. Google Akademik’deki yayinlarin sayisi (A: Artificial intelligence, B: Artificial intelligence AND
(fisheries OR aquaculture), C: artificial intelligence AND aquaculture)
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Sekil 8. Scopus’da taranan yayinlanan sayilar (A: Artificial intelligence, B: Artificial intelligence AND
(fisheries OR aquaculture), C: artificial intelligence AND aquaculture)

Su Urdnlerinde kullanilan yapay zeka sekil 9’da gdsterildigi gibi 6zetle su sekildedir. Balik blylimesinin
izlenmesinde, bilgisayarda gérme ve makine 6grenimi, su kalitesi yonetiminde sensoér veri analizi ve makine
O0grenimi, yemleme optimizasyonunda takviye 6grenimi ve veri analizi, ¢cevresel etki degerlendirmesi, veri
madenciligi ve tahmine dayali modelleme, erken 6lum tahmininde karar agaglari ve veri analitigi, otomatik balik
sayiminda, bilgisayarli gérinti ve gorintl isleme, hastalik salgini tahmininde, bayes aglar ve veri analitigi,
blyime tahmin modellerinde, sinir aglari ve regresyon analizi, davranis analizi ve degerlendiriimesi konusunda
Oruntd tanima ve veri analitigi kullaniimaktadir.

Mavi ylzgegli orkinosun varligi ve yoklugunun tespiti, gé¢ hareketleri, derinlik tercihleri ve biyolojisi

102



Uzerine bazi yapay zeka uygulamalari (Uranga ve ark., 2017; Muioz-Benavent ve ark., 2022; Block ve ark.,
2001; Munoz-Benavent ve ark., 2018; Telesca, 2020; Xu ve ark., 2020; Goikoetxea ve ark., 2024)
bulunmaktadir.

4. Tartigsma ve Sonug
Akilli su Grtnleri yetistiriciligi sistemine gore; balik ciftlikleri 6ncelikle verileri blok zinciri ile nesnelerin

internetine yapay zeka ve sensoérler olarak yUkli olan verileri robatik, dronlar, 3D baskilar olarak sonuglari balik
ciftlikleri hakkindaki verileri en iyi sekilde iletmektedir (Yue ve Shen, 2022).
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Sekil 9. Balik biyiimesi ve saghginin izlenmesinde yapay zeka teknikleri (Huang and Khabusi, 2025)

Veri analizi ve tahmini agisindan, YZ cevresel sensorler, su kalitesi monitorleri ve yemleme sistemleri
gibi cesitli kaynaklardan toplanan blylk hacimli verileri analiz edebilmektedir. Boylece akuakiltirculerin veri
odakli kararlar almasina olanak tanimaktadir (O' Donncha ve di§.2021). Ornegin, YZ maksimum verimlilik igin
optimum besleme surelerini, blyime oranlarini, hastalik salginlarini ve g¢evresel kosullari tahmin
edebilmektedir.

Su kalitesi yonetimi agisindan, optimum su kalitesinin korunmasi, suda yasayan organizmalarin sagligi
ve biyimesi icin cok 6nemlidir. Yapay zeka sistemleri sicaklik, pH, ¢6ziinmUs oksijen ve besin seviyeleri gibi
parametreleri sirekli olarak izleyebilmektedir (Kaur ve di§.2023). Su Urunleri yetistiricileri, sensérlerden gelen
verileri bUtUnlestirerek ve yapay zeka algoritmalari uygulayarak ideal kosullardan sapmalari tespit edebilir ve
gercek zamanl olarak duizeltici dnlemler alabilmektedir, bdylece balik 6lumi riskini azaltabilir ve genel
uretkenligi artirabilmektedir (Gladjua ve dig.2022).

Envanter yonetimi acisindan, yapay zeka, su Urunleri yetistiriciligi tesislerinde stok seviyelerinin ve
envanterin yonetilmesine yardimci olmaktadir. Yapay zeka algoritmalari, blylime oranlarini, besleme
dlzenlerini ve pazar talebini analiz ederek optimum stoklama yogunluklari, hasat zamanlamalari ve Uretim
planlamasina iliskin bilgiler saglayabilmektedir (Gladjua ve dig.2022). Bu durum su Urdnleri yetistiricilerinin
kaynak kullanimini optimize etmesine ve karlihgi en Ust dizeye c¢ikarmasina yardimci olmaktadir. Balik
blyUimesinin izlenmesinde Yapay zeka tabanli géruntl analizi, balik uzunlugunu, agdirhigini ve biyokutlesini
dogdru bir sekilde dlcerek gercek zamanli biyime izlemeyi ve optimize edilmis besleme rejimlerini mimkin
kilar. Yapay zeka modelleri gecmis verilerden, cevresel verilerden yararlanarak blylme oranini tahmin
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edebilmektedir. Otomatik balik sayiminda, Yapay zeka algoritmalari, su drlnleri tanklarinda veya havuzlarda
balik sayimini otomatiklestirerek dogru ntfus tahminleri saglar ve verimli ydnetimi kolaylastirir. Biyime tahmin
modellericalismalarinda kullanilan Yapay zeka tabanli bliyime modelleri, gegmis verilere dayanarak balik
blyime yo6ringelerini tahmin ederek Gretim planlamasina yardimci olur ve kaynak tahsisini optimize eder. Stok
yobnetimi, Yapay zeka tabanli sistemlerde Stok ydnetimi balik populasyonlarini, bayime oranlarini ve biyokitle
dagilimini takip edip izleyerek verimli stok yonetimini ve karar almay! kolaylastirir.

Yapay zeka uygulamalari balik buydmesi igin kullanildidi gibi balik hastaliklarinin tespiti ve tanisinda da
kullaniimaktadir. YZ teknikleri, baliklarda hastalik tespiti ve teshisi igin etkili bir sekilde kullanilabilir; bu da su
Urdnleri yetistiricileri ve arastirmacilarin saglk sorunlarini zamaninda tespit edip ele almalarina yardimci olur.
Hastalik tespiti ve teshisinde, Yapay zeka algoritmalari balik davranisi, gérinimu ve yldzmesindeki ince
degisiklikleri tespit eder, hastaliklarin erken tanimlanmasina ve hizli tedaviye olanak saglayan modeller ortaya
cikartir.. Hastalik tedavisi, YZ sistemleri, semptom analizine, gegmis verilere ve uzman bilgisine dayanarak
balik hastaliklari icin uygun tedavilerin belirlenmesine ve énerilmesine yardimci olur. Erken 6lim tahmini, yapay
zeka modelleri, balik 6limlerini tahmin etmek ve énlemek igin su kalitesi, beslenme dizenleri ve gevre kosullari
gibi cesitli faktdrleri entegre eder. Hastalik salgini tahmini, yapay zeka modelleri, hastalik salginlarini tahmin
etmek icin gegcmis hastalik verilerini ve c¢evresel faktorleri kullanarak proaktif yénetim ve 6nleme saglar.
Davranis analizi ve refah degerlendirmesi, Yapay zeka sistemleri balik davranis kaliplarini izler, refah
gostergelerini degerlendirir ve sadlik sorunlarina veya strese isaret edebilecek anormal davraniglari belirler.

Gorintl tanima ve bilgisayarli gérme agisindan, Balik hastaliklari siklikla bali§in viicudunda lezyonlar,
renk degisikligi veya anormal davraniglar gibi gérsel semptomlarla kendini goésterir. Evrisimsel sinir aglari
(CNN'ler) gibi derin 6grenme modellerini de igceren gorinti tanima ve bilgisayarli gérme teknikleri, baliklarin
gorintilerini veya videolarini analiz etmek ve hastalik belirtilerini otomatik olarak tespit etmek igin kullanilabilir
(Zhang ve dig.2020). Bu modeller, etiketlenmis veri kiimelerinden 6grenebilir ve balik gérintilerini saghkl veya
hastalikl kategorilere gére siniflandirarak hastaliklarin erken tespitine yardimci olabilir.

Yapay zeka modelleri, balik 6limlerini tahmin etmek ve dnlemek igin su kalitesi, beslenme duzenleri ve
cevre kosullari gibi ¢esitli faktorleri entegre eder. Otomatik balik sayimi, Yapay zeka algoritmalari, su Grtnleri
tanklarinda veya havuzlarda balik sayimini otomatiklestirerek dogru niifus tahminleri saglar ve verimli yénetimi
kolaylastirir.

Baliklarin yem yonetimi ve optimizasyonunda yapay zekanin uygulanmasi, su Urdnleri yetigtiriciligi
operasyonlarinda verimliligi 6nemli élgtide artirabilir, maliyetleri azaltabilir ve balik blylimesini optimize edebilir.
Balik yetistiricileri, veri analizi, makine égrenimi ve otomasyondan yararlanarak bilingli kararlar alabilir, en iyi
beslenmeyi saglayabilir ve balik yetistiriciligi uygulamalarinin genel tretkenligini ve strdirilebilirligini artirabilir.

Yemleme optimizasyonu, Yapay zeka sistemleri, cevresel faktorlere, balikk davraniglarina ve bliyime
modellerine dayali olarak yemleme stratejilerini dgrenip uyarlayarak yem israfini azaltir ve verimliligi artirir.
Yapay zeka algoritmalari, maksimum buyime ve verimlilik igin yemin zamanlamasini, miktarini ve bilesimini
optimize etmek Uzere balik davranigini ve beslenme modellerini analiz eder. Yem doénidsim orani, YZ
algoritmalari, yem donisim oranini hesaplamak ve optimize etmek, israfi azaltmak ve verimliligi artirmak igin
besleme verilerini ve balik buylime oranlarini analiz eder.

Cevresel etki degerlendirmesi, Yapay zeka araglari, su Urlinleri yetistiriciliyi operasyonlarinin gevredeki
ekosistemler Gzerindeki etkisini degerlendirmek igin buylk veri kimelerini analiz ederek surdurulebilir
uygulamalara ve azaltma stratejilerine yardimci olur. Su kalitesi yénetiminde, Yapay zeka modelleri, su
parametrelerini izleyen sensdrlerden gelen verileri tahmin etmek icin isler ve balik buyimesi i¢in en uygun
kosullar, stres ve hastalik risklerinin en aza indirilmesi. YZ tabanh sistemler, baliklarin buyimesi i¢cin en uygun
kosullari korumak amaciyla sicaklik, pH, oksijen seviyeleri ve bulaniklik gibi ¢esitli su parametrelerini izler.
Cevresel modelleme, Yapay Zeka modelleri, sicaklik, tuzluluk ve su akisi gibi cevresel faktérlerin balik
blylmesi Uzerindeki etkisini simile edip tahmin ederek optimum ¢iftlik tasarimi ve yonetimine olanak tanir.

Genetik optimizasyon, Yapay Zeka algoritmalari, daha iyi biyime oranlarina ve hastalik direncine
katkida bulunan Ozellikleri belirlemek igin genetik verileri analiz ederek genetik segim ve yetistirme
programlarina yardimci olur. Hasat planlama, Yapay Zeka modelleri, bliyime oranlarina, pazar talebine ve
ekonomik faktorlere dayali olarak balik hasadi igin en uygun zamani tahmin ederek verimi ve karlihdi optimize
eder.

Orkinoslarda Yapay Zekanin Kullanimi ile ilgili ¢alismalar incelendiginde; goérintl tanima ydéntemi
orkinoslarda son yillarda kullanilan bir ydntemdir. Japonya’da bir orkinos baliginin lezzeti, tazeligi ve dokusu
gibi Ozelliklerini yalnizca gdézle yillarin deneyimi ve bireysel sezgiyle belirleyebilen usta zanaatkarlar
bulunmaktadir. Ancak bir uzmanin yetismesi uzun yillar gerektirdigi ve maliyetli oldugu i¢in orkinosun et kalitesi
ve tazeliginin belirlenmesinde yapay zeka uygulamasi gindeme gelmistir ve kullaniimaya baslanmigtir.

Bir orkinos baliginin kuyrugunun kesiti, onun genel kalitesine iligskin detayli bir bilgi vermektedir (Sekil
10). Usta balik tliccarlari, baligin rengi, parlakligi, sertligi ve yagin katmanlanmasi gibi 6zelliklerini inceleyerek
deneyim ve sezgileriyle birlikte baligin kalitesini aninda belirleyebilmektedir. Bu uzun yillardir Japon balik
pazarlarinda orkinos pazar fiyatlarinin temel belirleyicisi olmustur.
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Sekil 10. Orkinos bali§inin kuyruk kesiti (https://www.brandinginasia.com/dentsus-tuna-scope-ai-
program-judges-tuna-quality/how-to-judge-tuna-with-ai-tunascope-dentsu-japan-branding-in-asia/)

Son yillarda bir orkinosun kalitesini kuyrugunun kesitine gére aninda belirleyen yapay zeka tabanh bir
sistem olan TUNA SCOPE olusturulmustur. Bu yapay zekanin gelisimi su sekilde agiklanabilir. Yaizu; orkinos
ve acgik deniz balikgiligi icin Japonya'nin baslica limanlarindan biridir. Burada, orkinoslarin kuyruklarinin kesit
fotograflar cekilerek 35 yillik deneyime sahip usta denetciler tarafindan verilen bes seviyeli dlgekte kalite
derecelendirmeleriyle birlikte bir veri tabanina kaydedilmistir. Derin 6grenme kullanilarak yapay zekaya orkinos
inceleme sanatinin nuanslari 6gretilmistir. Béylece gunun her saatinde kullanilabilecek orkinos muayenesi ile
ilgili yeni bir yaklagim dogmustur.

Yapay zeka sistemi bir akilli telefon uygulamasina monte edilmistir. Japonya'nin Yaizu ve Misaki'nin yani
sira Dalian ile Cin'deki balik isleme tesislerinde dondurulmus Orkinos inceleme slrecine tanitiimistir.
Uygulamanin dogrulugu Dalian'da gercek usta denetcilerin sonuglariyla karsilastirilarak test edilmis ve
uygulamanin sonuglarinin yaklasik %90'inin insan emsalleriyle tutarli oldugu kanitlanmistir.

Sekil 11. Somon baliginin yapay zeka tarafindan géselle§tirilmesi
(https://www.salmonbusiness.com/cermag-launches-new-ifarm-identifies-each-individual-fish-using-artificial-
intelligence-and-machine-learning/)

Yapay zeka teknolojisinde Ozellikle etkili olan iki ilerleme; derin 6grenme ve evrisimli sinir aglandir.
Geleneksel makine 6grenimi, saglanan verilerle islevleri gergeklestirmek icin algoritmalar kullanmakta olup bu
geri bildirim ve ayarlamalar (kismen insan girdisinden) yoluyla zamanla daha verimli hale gelmektedir. Derin
O6grenme, algoritmalari katmanlandirarak, 6z degderlendirme ve ayarlama yaparak bir adim daha ileri
gitmektedir. Evrisimli sinir aglari, dzellikle gorinti tanima ve yorumlama igin yararli olan derin 6grenme
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algoritmalaridir (Sekil 11).

Yapay zeka su anda su Urlnleri yetigtiriciliginde; besleme verimliligini artirmak, biyokutle tahmini yapmak,
blyime takibi yapmak, hastaliklarin erken teshisini saglamak, c¢evresel izleme ve kontroli (6zellikle RAS
sistemlerinde) gelistirmek ve is glicli maliyetlerini azaltmak igin kullaniimaktadir. Yapay zeka modern sensoér
ve isleme teknolojileri ile su Urunleri yetigtiriciliginin birgok rutin gérevi daha az is gucu ile ve hayvan refahi
kosullarini iyilestirerek gergeklestirilebilmektedir.

Yapay zekanin su UrUnleri yetistiriciliginde kullanim alanlarina iliskin yapilan ¢alismalar bulunmaktadir.
Balik davranislari ve dig gorinisine dayal ileri diizey hastalik tespitinde YZ uygulamalarinin faydalari
incelenmistir. Chen ve di§.(2022), derin 6grenme ve konvollsyonel sinir agi kullanarak kafeslerde yetistirilen
orfoz, lahoz gibi baliklarda Ug¢ tir anormal gorinimi siniflandiran iki agsamal bir goériinti analiz sistemi
bildirmislerdir. Calismada gelistirilen doért siniflandirma modelinden en iyisi ortalama %98,94 gibi olduk¢a
yuksek bir dogruluk oranina ulagmistir.

Balik yetistiriciliginde YZ sistemlerinin gelistiriimesi igin gerekli bilesenlerin maliyetleri hala nispeten
yuksektir. Ancak maliyet egilimleri ve yeni yaklagsimlar; en az kaynaklara sahip Ureticilerin bile erisimini zamanla
genisletebilecektir. Son zamanlarda, Darapaneni ve dig.(2022), yetistiricilerin hastalik salginlarini erken tespit
etmek amaciyla 6zel bir sistem 6nermiglerdir. Sistem; gorintuleri almak i¢in su alti kameralari veya benzer
senséOrlere dayanmakta olup bu gorintiler bulut Gzerinden isleme ve puanlama igin aktariimaktadir.
Sonrasinda, veriler bir YZ modeli araciliiyla siniflandirilarak analiz edilmektedir (Sekil 12). Modern baglanti
secenekleri ile geri donis dakikalar icinde olabilmekte ve bu sekilde giinde birka¢ veya daha fazla ciftlik
degerlendirilebilmektedir.

Sekil 12. Somon baliginin saglik izlemesinin yapay zekasi tarafindan degerlendirilmesi
(https://thefishsite.com/articles/the-benefits-of-using-ai-in-land-based-aguaculture)

Daha verimli besleme uygulamalari da son zamanlarda akuakultirde YZ arastirmalarinin odak noktasi
olmustur. Chen ve di§.(2022), gergek zamanl su kalitesi verilerini kullanarak destek vektér makinesi modeli ve
yapay sinir aglari ile bir biyokitle tahmin formillu kullanarak, RAS tesisinde yetistirilen karidesler igin yem
gereksinimlerini ve optimum besleme miktarlarini tahmin etmislerdir. Sonuglar, manuel beslemenin
muhtemelen ulasabilecedinden gok daha iyi olan ortalama yizde %3,7 hata oraninin oldugunu géstermistir.

Biyokitle izleme ve envanter kontroll, akuakultirde YZ uygulamalari i¢in verimli alanlardir. Gongalves
ve di§.(2022), yavru baliklari saymak i¢in konvolisyonel sinir agi kullanimi hakkinda bir calisma yapmislardir.
YZ yaklagimi, iki veya daha fazla balik temas halinde veya Ust Uste geldiginde bile baliklarin sayllmasina olanak
taniyan ardisik goruntiler icermektedir ve model, yavru balik hareketlerini tahmin edebilecek sekilde
uyarlanmigtir.

Bazi sektor gbozlemcileri ve paydaslari, yetistiricilikte YZ'nin geleceginden emin olamayip onu tamamen
benimsemekte tereddiit etseler bile digerleri bliylik adimlar atmaktadir. Kanadali firma ReelData YZ’'nin karasal
akuakaltir operasyonlari igin iki dnemli tGrlin gelistirmistir. Bunlardan ReelAppetite, yem tliketimini ve tedarikini
izler ve ayarlar, ReelBiomass ise Uretim tesislerindeki boyut ve agirlik dagilimlarinin tahminlerini saglar. Sirket,
kisa siire 6nce A serisi finansman turunda 8 milyon USD'den fazla para toplamasiyla gindeme gelmistir.

Kiresel somon dUreticisi Cermaq, birkag yildir bir YZ sistemi Uzerinde ¢alismaktadir. iFarm olarak
adlandirilan bu konsept, teknoloji ortagi BioSort tarafindan gelistiriimis olup, ag kafeslerinde balik sagligini ve
refahini iyilestirmeyi amaglamaktadir (Sekil 13, 14). Arastirma, kademeli hedefler icermektedir. Baslangicta,
sirket baliklarin sistemle nasil etkilesime girdigine odaklanmis ve sonraki denemeler sistem bilesenlerini ve
operasyonlarini uyarlamayi ve kolaylastirmayl amagclamistir. Mevcut denemeler, sensér teknolojilerini, veri
toplama ve isleme sureglerini ve makine 6grenme algoritmalarini dederlendirmektedir. A§ kafeslerinde baliklari
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ayirma yontemleri gelistirmek de bir 6ncelik haline gelmistir. Amag; benzersiz nokta desenleri ve deniz biti
varligina dayali olarak bireysel baliklari izlemek ve tedavi etmektir.

Sekil 13. Cermaq'in yapay zeka destekli iFarm'i (https://thefishsite.com/articles/cermaq-stocks-third-
fish-cohort-in-ifarm)

Sekil 14. Cermaq'in iFarm'i su anda Ugtincu balik grubunu yetistirmesi
(https://thefishsite.com/articles/cermagq-stocks-third-fish-cohort-in-ifarm)

Tokyo merkezli Umitron Corporation, akuakdltir uygulamalar igin YZ teknolojisini uyarlamaya
odaklanmistir. Kura Sushi restoran zinciri, Umitron tarafindan gelistirilen YZ sistemlerini kullanarak Kura
Osakana uretim sahasinda Orkinos yetistirmektedir. Umitron'un sistemi, her bir balik kafesine ne zaman ve ne
kadar yem verilecegine dair kararlar almak icin ylzme davranislarinin gercek zamanl izlenmesini
kullanmaktadir. Bu yaklasim, yem dénisum verimliligini nemli élclide artirirken atiklari azaltir ve geleneksel
glnlik beslemeyle iligkili nakliye/lojistik gereksinimlerini buyik élgide azaltmaktadir.

The Verge firmasi 8 yildir baliklarin kalitesini (yag igerigi ve renk gibi) degerlendirmek igin yapay zekayi
kullanmaktadir (Sekil 15).

Orkinos’un et kalitesini degerlendirmek; sushi hazirliginin en 6nemli adimi olmakla birlikte bu et kalitesini
degerlendirebilecek deneyimli zanaatkarlarin yetismesi uzun yillar gerektiren bir egitim sirecini igermektedir.
Bir Japon sushi restoran zinciri, Orkinos’un kalitesini degerlendirmek igin yapay zeka destekli bir uygulama
kullanmaktadir. Ancak yapay zekanin gergekten bir insanin balik duyusunun yerini alabilir mi? sorusu hala
tartisma konusudur.
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Sekil 15. Uygulamanin Orkinos etini yag igrigi ve renk gibi 6zellikleri agisindan degerlendirmesi
(https://www.nippon.com/en/japan-topics/q00984/)

Tuna Scope adh uygulama, Japon reklam firmasi “Dentsu” tarafindan gelistiriimistir. Uygulama; bir
baligin yapisi hakkinda ¢ok sey ortaya koyabilen Orkinos kuyruklarinin enine kesitlerinin binlerce goéruntisu
Uzerinde egitiimis makine 6grenimi algoritmalarini kullanmaktadir (Sekil 8). Uygulama tek bir fotograftan,
Orkinos etini parlakhdl ve yad tabakasi gibi gorsel ozelliklere dayanarak bes puanlik bir oGlgekle
degerlendirmektedir. Deneyimli bir balik degerlendiricisi igin bu 6zellikler, baligin nasil bir yasam strdigind ne
yedigini ve ne kadar aktif oldugunu gostermektedir, dolayisiyla ortaya ¢ikan lezzeti belirlemektedir. Dentsu,
yapay zekasinin "Orkinos inceleme sanatinin agiklanamaz nlanslarini" yakaladigini iddia etmektedir.
Uygulama ile zanaatkarlar arasinda gergeklestirilen kargilastirmali testlerde, uygulama ile kigilerin ayni notu
verdigi gbzlenmistir. Ancak yine de sushi uzmanlari ve balikgilarin 6zellikle yiksek kaliteli sushi ve sashimi igin
et satin alanlarin, Tuna Scope'un balik degerlendiricilerin yerini alabilme yetenegi konusunda biraz daha
temkinli oldugu goriinmektedir.

Londra'da yasayan sef ve sushi egitmeni Keiko Yamamoto; yalnizca goérsellere dayanarak ton bahgini
degerlendirebilmenin kesinlikle mimkiin oldugunu ifade etmistir (https://tuna-scope.com/en/). Uriin kalitesi
genellikle dokunarak degerlendiriimesine ragmen, Yamamoto'ya gore ton baliginda gorinim her seydir.
Yuksek kaliteli ton baligini tanimlamak zordur, ancak seflerin gérdiklerinde bunu bilebilecekleri, alicilarin
aradig nitelikleri kelimelerle ifade etmenin zor olabilecegini, ancak egitimli bir g6z igin bu niteliklerin agikca fark
edilebilir oldugunu ifade etmektedir. Yamamoto'ya gore en yiksek kaliteli ton bali§i; yogun parlak kirmizi bir
renge sahip olup ipeksi ve parlaktir. Ayrica Yamamoto Japonya'nin bu teknolojiyi takip etmesine sasirmadigini,
¢cunkl vyaslanan nifus nedeniyle geleneksel becerilerin her zaman gen¢ nesillere aktarilamadigini
belirtmektedir (https://tuna-scope.com/en/).

The Asahi Shimbun'a gore, Tuna Scope’un yalnizca Kura Sushi adl restoran zinciri igin balik
degerlendirmede kullanildigini ifade etmektedir. Bu restoran zincirinde robotik bulagik makineleri gibi diger
maliyet tasarrufu saglayan cihazlar kullaniliyor olmasindan dolay! ucuz sushi sunuldugu goértlmektedir. Yine
Kura Sushi'nin sushi i¢in baliklarinin yizde 70'ini yurtdisindan satin aldigi ve pandemi sirasinda alicilarinin
seyahat etmesi konusunda temkinli oldugunu ve pandemide bu uygulama sayesinde riske girmeden iyi
degerlendirmeler yapilabildigini ifade etmektedirler (Sekil 16).

Sekil 16. Sefler ve balikgilar Orkinos’un kalitesini etin parlakligi ve rengi Gzerinden degerlendirirler
(https://inbusiness.kz/ru/last/samyj-dorogoj-delikates-prodali-na-aukcione-za-1-3-min-dollarov)
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ispanya'daki Céadiz Universitesi ve Carlos lll Universitesi ile is birligi icinde Komorebi YZ'daki bir
aragtirmaci ekibiyle ortaklik kurarak “Tun-Al” adini verdikleri benzersiz bir yapay zeka araci gelistirmiglerdir.
Tun-Al; GPS ve uydu iletigsimleriyle birlestirilen samandiralardan gelen Orkinos bilgilerini isleyen bir yapay zeka
aracidir. Yuzyillardir balikgilar; tonlar da dahil olmak tzere bazi balik tirlerinin okyanus yuzeyinde sirtklenen
nesnelerin etrafinda toplandigini bilmektedirler. Glinimiizde, genellikle yliksek teknoloji yanki seslendirme
samandiralariyla donatilmisg, siriiklenen balik toplama cihazlar (dFAD-Fish Aggregating Devices) adi verilen
insan yapimi ytzen nesneler, balikgilik endustrisi icin olmazsa olmaz bir ara¢ haline gelmis olup, kiresel
Orkinos avlarinin %36'sina kadarini olusturmaktadir. dFAD'ler, uzaktan Orkinos bollugu ve konumu hakkinda
bilgi saglayan ylksek teknoloji yankili samandiralarla donatilmis olup okyanuslara yerlestiriimistir ve
konumlarini glinde en az bir kez bildirmektedirler. Ayrica, temel olarak Orkinos ve diger balik tirleri olmak
Uzere, altlarindaki su sitununu periyodik olarak biyokitle igin drnekleyebilecekleri bir yanki seslendirmesi
icerirler. Bu bilgi, balik¢ilik endistrisi i¢in balikgilik verimliligini artirmak, isletme maliyetlerini ve karbon
emisyonlarini azaltmak agisindan son derece yararli olmakla birlikte ayni zamanda bilimsel olarak ta oldukca
faydaldir. Her dFAD, sirekli olarak altindaki balik biyokdtlesinin konumu ile varligi veya yoklugu hakkinda bilgi
iletmektedir dolayisiyla ylzen bir drnekleme istasyonu olarak disunulebilir (Sekil 17).

Sekil 17. dFAD samandirasi
(https://www.openaccessgovernment.org/article/how-tun-ai-technology-can-be-used-to-estimate-tuna-

biomass/174598/)

dFAD'lere baglh uydu baglantili yanki seslendirme samandiralarindan gelen okyanus akintilari, su
sicakligi ve fitoplankton varligi gibi biyolojik ve osinografik veriler birlestiriimektedir. Samandiralarin sagladigi
bilgilerin dogrulugunu ve tahminlerin guvenilirligini daha da artirmak i¢in bu yapay zeka araci balikgilik sektoru
tarafindan saglanan on yillik av verileriyle donatiimistir. Testlerde Tun-Al, dFAD altinda Orkinos’un varligi veya
yoklugu arasinda ayrim yaparken %92'nin Uzerinde dogruluk elde etmistir. Gergek dlgimlerle
karsilastinldiginda ve sahada dogrulandiginda, aracin samandiranin altindaki Orkinos miktarini tahmin
ederken ortalama %28'lik bir hatasinin oldugu goérulmustir. Boylece Orkinos biyokutlesini cok dogru bir sekilde
tanimladidi ve samandiranin altinda bulunabilecek diger balik turlerinden ayirt edebildigi icin de; balikgl
teknelerinin ticari agidan daha az 6nemli turlerin avini azaltmasina yardimci olabilecegdi de gorulmustur. Gorevi
ayni olan insanlarla kargilastinldiginda Tun-Al'in, otomatik bir sekilde Orkinos biyokutlesinin glvenilir
tahminlerini elde ederek muadillerinden daha iyi performans gosterdigi saptanmistir. Bu performans ve
kullanim kolayligi, Tun-Al'' dFAD samandiralarinin sagladigi bilgilerden en iyi sekilde yararlanmak isteyen
arastirmacilar igin guglu bir arag haline getirmektedir.
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Sekil 18. Tun-Al uygulamasi
(https://www.openaccessgovernment.org/article/how-tun-ai-technology-can-be-used-to-estimate-tuna-
biomass/174598/)

Orkinos’un bir dFAD etrafinda kimelenmeye baslamasinin ne kadar surduginu izlemek ve bu
kimelenmenin ne kadar sire devam edecegine bakmak igin Tun-Al tarafindan saglanan tahminler
kullanmaktadir. Tun-Al, diinya ¢apinda Orkinos tirlerinin incelenmesini uygun maliyetli bir sekilde mimkin
kilacak saglam ve surekli verilere erigsim imkani sunmaktadir (Gémez-Ullate Oteiza, 2023) (Sekil 18).

Orkinoslarin et kalitesinin belirlenmesinde de yapay zekadan yararlaniimaktadir. TUNA SCOPE;
orkinoslarin et kalitesini tespit etmeye yarayan bir yapay zeka araci olup uygulama Japonya ve denizasiri
Ulkelerdeki cesitli yerlerde tanitiimistir. Daha sonra, teknoloji mavi yiizgegli Orkinos konusunda uzman olmayi
hedeflemigstir. Mavi yizgegli Orkinos’un degeri yalnizca kirmizi etin kalitesine degil, ayni zamanda yag icerigine
de baghdir. Kaliteyi bu iki farkli noktada degerlendirmek, yillarca deneyime sahip profesyonel kisiler icin bile
olduk¢a zordur. Ayrica, hizli dondurulmug Orkinos’un aksine, ¢ig Orkinos kuyrugunun enine kesitinin
yuzeyindeki en ufak bir fark, enine kesitin goérinimuni degistirebilmektedir. Bu zorlugun Ustesinden
gelebilecek yeni bir YZ modeli gelistirmek igin gcok miktarda veri gerekmektedir (Sekil 19).

Sekil 19. Tuna SCOPE uygulamasi (https://tuna-scope.com/en/)

Japonya'nin en buyuk toptan deniz Urinleri pazari olan Toyosu Pazari'na hergiin gelen mavi ytzgecli
orkinos kuyruklarinin kesit gérintileri ve uzman denetgilerin sonugclari surekli olarak toplanarak sisteme
iletilmistir. Yaklasik iki yillik veri toplamanin ardindan "yag icerigi ve kirmizi et kalitesi" olmak tGzere iki noktaya
dayali bir yapay zeka kalite degerlendirme algoritmasi olusturulmustur.

Mart 2023'te Nagasaki Eyaleti, Takashima'da, Sojitz Tuna Ciftligi Takashima'da yeni TUNA SCOPE Al
modeli piyasaya surlilmustir. Dodal mavi ylzgecli orkinoslarin aksine, ciftliklerde yetistirilen orkinoslarin
yetistiriime kosullari, besleme miktar ile besleme zamani, su sicakhdi gibi faktérler siki bir sekilde kontrol
edilmektedir. Orkinos tek tek yakalanip hazirlandigindan, kalite veya tazelikte neredeyse hicbir degisiklik
olmamakta ve yil boyunca lezzetli Orkinos’un istikrarli bir sekilde tedarik edilmesi saglanmaktadir. TUNA
SCOPE'un YZ degerlendirme teknolojisi, ciftliklerde yetistirilen Orkinos’un islenmesi ve goénderiimesinde
kullanilmigtir. Ciftlik ton baliklari; yagd icerigi ve kirmizi et kalitesi agisindan en yilksek kalitede oldugu
degerlendirilenler "YZ Mavi Yuzgecli Orkinos" olarak etiketlenmektedir.

Akuakultir icin YZ tabanli izleme ve kontroliin her alaninda teknoloji hizla ilerlemektedir. Modern cihazlar
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artik balik ve karideslerin boyut, sekil, pozisyon ve davraniglarinin stereoskopik gézlemini mimkuin kilmaktadir.
“Sonar kameralar” ses yankilarini video goéruntllerine doénustirerek karanlik veya bulanik ortamlarda
kullanilabilmektedir. Su kalitesi izleme, otonom araglar kullanilarak kafeslerde ve blylk tanklarda t¢ boyutlu
veri profilleri olusturmak icin sensorlerin yikseltilip algaltiimasiyla (¢ boyutta yapilabilmektedir.

Wu ve di§.(2022), YZ'nin akuakultirdeki ve potansiyel kullanimlarini detayl bir sekilde arastirmislardir.
Birgok cihazin manuel aktivitelerden mekanizasyona, otomasyona ve nihayetinde akilli ekipmanlara olan
teknolojik evrimini 6zetlemislerdir. Arastirmacilarin yaptigi énemli bir gézlem, insansiz ekipman kullanimiyla
gelistiriimis biyoguvenlik potansiyelidir ve otonom robotlarin gelistiriimesi ag kafes ciftciligi sektdriinde hizla
genislemektedir. Bu birimler; élumleri, yenmemis yemleri ve birikmis atiklari toplamak ve ¢ikarmak, ayrica ag
temizligi yapmak suretiyle hijyenik kosullarin korunmasinda blylk potansiyele sahiptir. Maliyetler bazi
operasyonlar i¢in hala biraz yiksek olsada, énimuzdeki yillarda dismesi beklenmektedir.

Sagun orkinos besiciligi 1 ve 2 olarak Gerence Kdrfezi’'nde kurulmus olup 5000 ton kapasiteye sahip bir
ciftliktir. Bir kafeste ortalama 1500 adet balik bulunmaktadir. Besi yapilan balik boylari 50-500 kg arasinda
degdismekte ve hergin yaklasik olarak 150 ton sardalya, uskumru, ringa vb baliklardan olusan yem balgi
orkinoslara verilmektedir (Sekil 20). Bu galisma; ileride Turkiye’de yapilacak uygulama galismalarina isik tutma
niteligi tagimaktadir.

Sekil 20. Sagun Group orkinos ¢iftligi (Orijinal)

Etkili izleme teknikleri, surdurilebilir su drlnleri yetistiriciligi uygulamalari i¢in hayati énem tasir;
hastaliklarin erken tespit edilmesini, besleme stratejilerinin optimize edilmesini ve ¢evresel etkilerin en aza
indirilmesini saglar (Wang ve ark. 2021). Su Urunleri yetistiriciliginde geleneksel izleme ydntemleri genellikle
manuel gozlemlere dayanir; bu da zaman alici, emek yogun ve insan hatasina acgik olabilir. Ayrica, bu
yontemler gercek zamanli veri saglayamayabilir, bu da degisen kosullara ve potansiyel saglik sorunlarina
aninda yanit verme yetenegini sinirlar (Wu ve ark. 2022). Bu nedenle, akuakiltirde balik biyimesini ve
sagliginin izlenmesini gelistirmek icin gelismis teknolojilere duyulan ihtiya¢ giderek artmaktadir. Yapay zeka
(YZ), su drunleri yetigtiriciligi uygulamalarinda devrim yaratma potansiyeline sahip déndsturtcu bir teknoloji
olarak ortaya c¢ikmistir. YZ, makinelerin insan zekasini taklit etmesini, verilerden égrenmesini ve otonom
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kararlar almasini saglayan bir dizi teknigi kapsamaktadir (Janiesch ve ark. 2021). Akuakiiltir operatorleri,
YZ'den yararlanarak gercek zamanli verilere, tahmine dayali analitiklere ve karar destek sistemlerine erigebilir
ve bu da Uretkenligi, surddrilebilirligi ve karliligr artirabilir (Panudju ve ark. 2023).

Genel olarak yapay zeka, su urlnleri yetistiriciliginde verimliligi, sdrdarilebilirligi ve Uretkenligi artirma
potansiyeline sahiptir. Gelismis analitik, gercek zamanl izleme ve tahmin yeteneklerinden yararlanan yapay
zeka, su Urinleri yetistiricilerini bilingli kararlar almalari ve balik ciftligi operasyonlarindaki riskleri azaltmalari
icin degerli bilgiler ve araglarla gli¢lendirebilmektedir.

Sonug olarak, yapay zekanin balik blylimesi ve saglik durumunun izlenmesindeki roll, strdirilebilir su
Urtnleri yetigtiriciligi uygulamalarinda devrim yaratmaya hazirlaniyor. Yapay zeka teknikleri, balik ciftligi
operasyonlarini optimize etmek, tretkenligi artirmak ve gevresel etkileri en aza indirirken balik refahini artirmak
icin 6nemli bir potansiyel sunar. Yapay zeka, makine 6greniminin, veri analizinin ve otomasyonun giciinden
yararlanarak, optimum balik sagligi ve biylimesini saglamak icin gergcek zamanli izlemeye, hastaliklarin erken
tespitine, hassas besleme stratejilerine ve proaktif midahalelere olanak tanir.

Su Urunleri yetistiriciligi arastirma ve Uretiminde yapay zeka (YZ); hem yeni kurulan sirketlerin hem de
kokli sirketlerin sektér icin yeni YZ tabanli uygulamalar gelistirmesiyle son yillarda daha 6nemli hale
gelmistir.Bu galismadanda ortaya ¢ikarilan genel sonug son yillarda su Urtnleri yetistiriciliginde yapay zekanin
kullaniminin arttiriimasi ve verimli kullaniimasina dair ¢alismalar bulunmaktadir.

5. Etik Standartlara Uygunluk

a) Yazarlarin Katkilan: Yazar OKS calismayi tasarladi, HES makalenin ilk taslagini yazdi, HES
istatistiksel analizleri gerceklestirdi ve yonetti. TUm yazarlar son makaleyi okudu ve onayladi.

b) Cikar Catismasi: Yazarlar ¢ikar gatismasi olmadigini beyan ederler.
c) Hayvanlarin Refahina iligkin Beyan, Etik onay: Bu tiir bir calisma icin resmi onay gerekli degildir.
d) insan Haklari Beyani, Etik onay: Bu tiir bir galisma igin resmi onay gerekli degildir.

e) Yapay Zeka Kullanmadiklari Beyani: Yazar(lar), bu makalenin yaziminda, gorsellerin, grafiklerin,
tablolarin ya da bunlara karsilik gelen basliklarin olusturulmasinda herhangi bir tir Gretken yapay zeka
kullanmadiklarini beyan eder(ler).
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Aquaculture in Canakkale: Current Status and Future Perspectives
Abstract: This study was conducted to examine the current status of aquaculture in Canakkale province and to offer
solutions that will contribute to the aquaculture sector’'s development. The study involved a detailed analysis of the
aquaculture facilities in Canakkale and the data related to these facilities. The province's current aquaculture structure
and potential were highlighted, drawing attention to the diversity in aquaculture production and the opportunities
available in the region. The study revealed that there are a total of 18 aquaculture facilities in Canakkale. Of these,
38.9% are involved in mussel farming, 27.8% in trout farming, 22.2% in carp farming, 5.6% in lugworm farming, and
5.6% in the cultivation of seabass, gilthead seabream, turbot, and grouper. The highest production by species occurs
in mussel farming, while lugworm and marine fish farming remain at the lowest levels. A total of 581.92 tons of aquatic
products were produced in Canakkale in 2023, 292.76 tons of which were from inland waters and 289.16 tons from
sea waters. However, it was determined that the share allocated to the sector in the support payments made in the
same year was 5.61%. It has been determined that global climate change and the accompanying drought threaten
the freshwater resources in Canakkale province, and the marine ecosystem is also affected by the mucilage
phenomenon due to the increase in water temperature and organic pollution load. These problems experienced in
water resources cause production losses in the aquaculture sector. The sustainable development of the aquaculture
sector in Canakkale, which also has a wide range in terms of cultivated species, requires a multidisciplinary approach
and planning using advanced technology tools. It is anticipated that such an approach will provide significant
increases in aquaculture production.

Keywords: Ganakkale, aquatic products, aquaculture, production

Canakkale'de Su Uriinleri Yetistiriciligi: Mevcut Durum ve Gelecek Perspektifleri

Ozet: Bu galisma, Canakkale ilinde su iriinleri yetistiriciliginin mevcut durumunu incelemek ve sektériin gelisimine
1sik tutacak ¢6zim onerileri sunmak amaciyla gergeklestirilmistir. Arastirma kapsaminda, Canakkale'deki su Urinleri
yetistiriciligi isletmeleri ve bu igletmelere ait veriler detayli bir sekilde analiz edilmigtir. ilin mevcut yetistiricilik yapisi
ve potansiyeli 6n plana cikarlarak, su Urinleri Uretimindeki cesitlilige ve bolgenin sahip oldugu firsatlara dikkat
cekilmistir. Calismada, Canakkale genelinde toplam 18 su Urlnleri yetistiricilik tesisi bulundugu tespit edilmistir. Bu
tesislerden %41,2’sinin midye, %23,5'inin alabalik, %23,5’inin sazan, %5.9'unun kum kurdu ve %5.9'unun da levrek,
cipura, kalkan ve granyoz yetistiriciligi yaptigi belirlenmistir. Tlr bazinda en yliksek lretim midye yetistiriciliginde
gerceklesirken, kum kurdu ve deniz baliklan yetistiriciligi en dusuk seviyede kalmistir. 2023 yilinda, Canakkale’de
toplam 581,92 ton su urlnleri Uretimi gergeklesmis, bunun 292,76 tonu igsularda, 289,16 tonu ise denizlerde
uretilmigtir. Ancak, ayni yil yapilan destekleme édemelerinde, sektdre ayrilan payin %5,61 oldugu tespit edilmigtir.
Kuresel iklim degisikligi ve beraberinde gelen kurakligin Canakkale ilindeki tatlisu kaynaklarini tehdit ettigi, denizel
ekosistemin de su sicakhgindaki yikselis ve organik kirlilik yukindeki artis nedeniyle yagsanan musilaj olayindan
etkilendigi tespit edilmistir. Su kaynaklarinda yasanan bu sikintilar yetistiricilik sektoériinde Uretim kayiplarinin
yasanmasina neden olmaktadir. Kiiltlire alinan tlrler bakimindan da genis bir yelpazeye sahip olan Canakkale’de
yetistiricilik sektérinun surdurilebilir gelisimi multidisipliner bir yaklasim ve ileri teknoloji araclari kullanilarak
yapilacak planlamaya ihtiya¢ duymaktadir. Bu tur bir yaklagsimin, su Urtnleri Uretiminde kayda deger artislar
saglayacagi ongorilmektedir.
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1. Introduction

Aquaculture is one of the important sectors that provide continuous input to the economy of all
countries today (Cételi, 2023). The aquaculture sector has come a long way in the last 50 years with the
spread of training and the increase in technology. In the 1950s, 4 per cent of total aquaculture production,
5 per cent in the 1970s, 19 per cent in the 1990s and 44 per cent in the 2010s were obtained from
aquaculture. In 2021, 50% (91.2 million tonnes) of the 182 million tonnes produced was obtained from
fishing and 50% (approximately 90.9 million tonnes) was obtained from aquaculture (FAO, 2024). Looking
at the world aquaculture production data for 2022; it is seen that a total of 185,452,672 tons of products
were obtained, with 91,037,271 tons from hunting and 94,415,401 tons from aquaculture (DGFA, 2024).
In its published report, FAO announced that it expects total fisheries and aquaculture production,
excluding algae, to increase gradually and reach 202 million tons in 2030, and that most of this increase
will come from aquaculture (FAO, 2022).

According to the data of the Federation of European Aquaculture Producers (FEAP), Turkey is one of the
leading countries in aquaculture in Europe. Turkey, which has a very high position especially in sea bream
and sea bass production, competes with major producers such as Norway and Greece. Norway is the
European leader in cold water fishing and salmon production and has the largest production volume
thanks to its developed infrastructure. Turkey, on the other hand, has come to the fore in Europe with its
specialization in species specific to the Mediterranean climate (especially sea bream and sea bass) and
its farming methods suitable for warm climates. Turkey's focused production strategy in these species
makes the country a strong player in the Mediterranean region (FEAP, 2023).

In recent years, there have been significant developments in aquaculture systems in our country, the
transfer of fish farms in the seas to open and deep waters has necessitated the use of new techniques
suitable for these conditions, and improvements have been made by applying advanced technology in the
size and structure of net cages, net and feeding systems (Bilgiiven and Can, 2018). Aquaculture
production in Turkey increased by 8% in 2023 compared to the previous year and reached 1,010,346
tons. Total production by hunting reached 454,059 tons in 2023, and total production by aquaculture
reached 556,287 tons. In Turkey, 55% of aquaculture production originates from aquaculture, 72% of this
production is provided from the seas and 28% from inland waters. Looking at the data for 2023, the amount
of aquaculture production in our seas is 399,529 tons, and in our inland waters it is 156,758 tons, and the
production in our seas is higher than the amount of production in our inland waters for the last 10 years.
The most important fish species cultivated in Turkey are trout with 152,566 tonnes in inland waters, sea
bass with 160,802 tonnes and sea bream with 154,011 tonnes (DGFA, 2024). According to 2023 data,
the most produced species are mussels with 8,738 tonnes, meagre with 6,149 tonnes and tuna with 3,674
tonnes (TURKSTAT, 2023). In recent years, mussel farming has gained importance in our country in terms
of healthy, reliable and sustainable product supply. Apart from the production by hunting, aquaculture
production has also started in our seas (Serdar and Yildirnm, 2018). Rainbow trout, which was started to
be cultivated in concrete ponds in fresh waters, has become possible to be cultivated in seawater thanks
to the accumulation of knowledge and technological developments in production techniques. Today, it is
offered to the global market with the Turkish Salmon brand (FCRI, 2012; Yildirnm and Cantas, 2022).
Turkish salmon is the leading species cultivated in the sea in the Black Sea Region, and according to the
data of the Eastern Black Sea Exporters' Association (DKIiB), it is exported to 48 countries (Erol and Eruz,
2024).

Canakkale has an important aquaculture potential as a land and sea area due to being the second largest
fishing center in the Marmara Region after Istanbul and having the longest coastline after Mugla. The
Canakkale Strait, which connects the Marmara Sea to the Aegean Sea, allows a wide variety of
aquaculture species to live with its relatively less salty surface waters coming from the Black Sea and
more salty bottom waters coming from the Mediterranean and its different hydrographic structure, and in
this respect, it also forms the migration route of many species. The fish species provided in the province
are trout, anchovy, mullet, sea bass, bluefish, swordfish, chub mackerel, bonito, sardine. Depending on
its aquaculture potential, Canakkale province has aquaculture processing and evaluation facilities that
have received EU approval numbers. There are 105 facilities in Turkey that export to EU member
countries, 9 of which are in Canakkale province (Anonymous, 1998; Kelkit, 2011; Anonymous, 2023a).
Canakkale, which has Mediterranean mussel beds along its entire coast, has a great potential in terms of
mussel farming. This feature of Canakkale province, together with the Balikesir coast, made it the region
where the first Mediterranean mussel culture was carried out in Turkey (Yildiz et al., 2023).

It is important to know the species and production amounts of aquaculture products obtained through
aquaculture in Canakkale region, which covers a large area, in terms of planning to be made to obtain
high efficiency in the aquaculture sector in the region, which has a rich potential. In this context, the current
status of the aquaculture sector, its place and development in the aquaculture sector of our country, and
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recommendations for the sustainable growth of the aquaculture sector in the province were analysed by
using data on water resources in the province, number of aquaculture facilities, settlements, fry and actual
capacities, species grown, total production amounts and values of aquaculture products, and support
payments made to aquaculture products.

2. Materials and Methods
2.1 Working area

The working area consists of aquaculture facilities established in natural and artificial water resources in
the centre and districts of Canakkale province. Canakkale is a province with lands on the Gallipoli
Peninsula, which is connected to the Eastern Thracian lands of the Balkan Peninsula by an isthmus, and
the Biga Peninsula, which is the western extension of Anatolia. The province covers 993,318 hectares
on either side of the Canakkale Strait, the waterway linking the Aegean Sea and the Sea of Marmara,
spanning both Europe and Asia (Anonymous, 2023a). The total coastal length of the province, which has
both Marmara and Aegean Sea coasts, is 671 km (Figure 1) (Anonymous, 2024a; Anonymous, 2024b).

Figure 1. Map of Canakkale province and districts (Anonymous, 2024c)

Within the provincial borders, Kocabas Stream, Bayramdere, Umurbey Stream and Sarigay are located
in the Northern Marmara Basin in the Biga Peninsula, and Kara Menderes Stream, Tuzla Stream and
Mihli Stream are located in the Southern Marmara Basin. The river resources in the province and districts
are given in Table 1.

Table 1. Rivers of Canakkale Province (Anonymous, 2023b)

Total Length within Max. flow Place of Place of
River Name length  the province (m?3/s) origin discharge

(km) borders (km)
Kara Menderes 109 109 1530 Kazdagi Canakkale Strait
Stream
Tuzla Stream 80 80 1400 Kirburun Aegean Sea
Saricay 40 40 1300 Klaglkburun Canakkale Strait
Kocabag Stream 84 84 1345 Kaynarca Marmara Sea
Mihli Stream 28 12 75 Kazdag Edremit Gulf
Kavak Stream 50 18 1100 Balli Saros Gulf
Bayramdere 11 11 1.123 Taghburun  Marmara Sea
Buylkdere 10 10 1.048 Genisdag Kalekoy
Cinardere 28 28 0.791 Sisalandagi Marmara Sea
Tayfurdere 19 19 0.642 Agilyeri Canakkale Strait
Umurbey Stream 22 22 16.677 Avci Tepesi  Canakkale Strait
Kocacgay 62 62 4.584 Bardakgl Kocabas Stream
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Agonya Stream 148 70 2.304 Katrandagi  Ortaca

Although there is no significant lake in the province, there are salt lakes that dry up in the summer in the
Gelibolu Peninsula and Gékgeada (Anonymous, 2023b). There are a total of 30 ponds built by the
Provincial Directorate of Village Services and the DSI 252nd Branch Directorate within the provincial
borders. 22 of these ponds were built by the Village Services and 8 by the DSI (Akbulut et al., 2006; DSI,
2024). There are 5 underground water resources and they are shown in Table 2.

Table 2. Groundwater potential of Canakkale province (Anonymous, 2023b)

Source Name Water Potential (hm3/year)
Bayramic¢ — Evciler — Ayazma Spring 50.08
Yenice Cinar Spring 0.41
Yenice — Ilica Spring 1.04
Geyikli — Pinarbasi — Kirkgozler Spring 0.63
Karadag Village Water Resource Areas 4.20

Information on the current water resources and their status in Canakkale province was obtained from the
Canakkale 25th Regional Directorate of State Hydraulic Works (DSI), data on aquaculture facilities and
production quantities of aquaculture products (2013-2023) were obtained from the General Directorate of
Fisheries and Aquaculture (DGFA), the Canakkale Provincial Directorate of Agriculture and Forestry, and
also the Fisheries and Aquaculture Statistics of Turkey and the Canakkale Turkish Statistical Institute
(TURKSTAT) data portal and relevant institutions. Data were analyzed using Microsoft Excel software,
percentages were calculated and interpreted in tables and graphs.

3. Results and Discussion

According to 2024 data, there are a total of 18 aquaculture facilities in Canakkale, including 7 mussels, 5
rainbow trout, 4 carp, 1 lugworm and 1 sea bass, sea bream, turbot and meagre. The locations of the
active aquaculture facilities in the province on the map are given in Figure 2.

Figure 2. Location of GCanakkale province aquaculture facilities on the map

When the distribution of the facilities according to the province is evaluated, it is seen that the highest
number of facilities are in Gelibolu and Lapseki districts with 22.22% and the lowest number of facilities
are in Ezine, Can and Ayvacik districts with 5.56% (Figure 3).
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Figure 3. Distribution of aquaculture facilities by districts (%)
The locations, capacities and cultivated species of the facilities in the province are given in Table 3.

Table 3. Aquaculture facilities in Canakkale

Facilities Offspring Ca- Actual Capacity
Number Dist- Facilities Type pacity (pcs) (kglyear) Species
ricts
1 Bayra- Concrete pool 800.000 64.000 Rainbow trout
mi¢
2 Bayra- Concrete pool 500.000 7.000 Rainbow trout
mi¢
3 Bayra- Concrete pool 320.000 20.000 Rainbow trout
mi¢
4 Lapseki Net cage - 670.000 Rainbow trout
5 Can Concrete pool 300 000 30 000 Rainbow trout
6 15.000.000 Sea Bass
Lapseki Tank-Earth pool 39.000.000 21.000.000 Sea Bream
1.000.000 Turbot
1.500.000 Meagre
7 Yenice Net cage - 20.000 Mirror carp- Com-
mon carp
8 Yenice Net cage - 15.000 Mirror carp- Com-
mon carp
9 Lapseki Net cage - 25.000 Mirror carp- Com-
mon carp
10 Ezine Net cage - 15.000 Mirror carp- Com-
mon carp
11 Geli- Raft/Rope - 1.400.000 Mediterranean
bolu Mussel
12 Geli- Raft/Rope - 1.400.000 Mediterranean
bolu Mussel
13 Geli- Raft/Rope - 1.500.000 Mediterranean
bolu Mussel
14 Geli- Raft/Rope - 1.000.000 Mediterranean
bolu Mussel
15 Lapseki Raft/Rope - 990.000 Mediterranean
Mussel
16 Central Raft/Rope - 1.000.000 Mediterranean
Mussel
17 Central Raft/Rope - 1.000.000 Mediterranean
Mussel
18 Ayvacik Earth pool - 35.000 Lugworm
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It is seen that mussel farming is the most common and sandworm and sea fish farming are the least
common in the province. The percentage distribution of these facilities is as follows; 38.9% mussels,
27.8% rainbow trout, 22.2% carp, 5.6% sea bass, sea bream, turbot and garnet and 5.6% sandworm
(Figure 4) (Anonymous, 2024d; Yildiz et al., 2023).

40 %38,9

35
30
25
20
15
10 %5,6

5

0

%27,8 %22,2

S
o
<)

Percentage distribution (%)

Mussel

Rainbow trout

Carp

Lugworm

Sea bass, Sea bream,
Turbot, Meagre

Figure 4. Distribution rates of aquaculture facilities in Canakkale province (%)

The number of mussel (Mytilus galloprovincialis) farming facilities in the sea using raft/rope system is 7 in
the province. The distribution of mussel farming facilities by districts is as follows; 4 in Gelibolu (57.1%),
2 in the centre (28.6%) and 1 in Lapseki (14.3%). It is seen that mussel farming is more widespread in
Gelibolu district. In addition, there are 6 mussel farming facilities in the province with preliminary permits
and rented premises that are in the installation phase. 3 of them are in Canakkale Central (below
Karacaodren), 2 in Lapseki (below Girece, Gireci village - Tiripga) and 1 in Gelibolu (Camhk 2)
(Anonymous, 2024d). Canakkale is the region where the first Mediterranean mussel culture was carried
out in our country (Yildiz et al., 2023). Yildiz et al. (2023) and Yildiz and L&k (2005) reported that
Canakkale, which has Mediterranean mussel beds all along its coast, is a region with ideal conditions for
mussel farming. In addition, the increase in the domestic demand for mussels leads to an increase in the
economic value of mussels (Yildiz and Lok, 2005).

According to TURKSTAT 2023 aquaculture production data, mussel farming in our country was 8,738
tonnes (TURKSTAT, 2023). According to the ‘Aquaculture Facilities’ table for December 2024, which is
regularly updated by the Ministry of Agriculture and Forestry, the number of facilities engaged in mussel
farming in the seas in our country is 53 (Anonymous, 2024e). Of these facilities, 30 (60%) are located in
the Marmara Region, 18 (36%) in the Aegean Region and 5 (10%) in the Black Sea Region. In the
Marmara Region, mussel farming is carried out in 4 provinces and these provinces and the number of
facilities are as follows; Balikesir 12, Canakkale 7, Yalova 7 and Bursa 4. In the Aegean Region; It is
carried out in 2 provinces, 13 in izmir and 5 in Mugla. In the Black Sea Region, there are 5 production
facilities, 4 facilities and 1 university facility in Sinop alone. It is seen that the most intensive mussel farming
in Turkey is carried out in the Marmara Region. Canakkale province stands out as the second most
intensive farming province in this region and constitutes 23.3% of the mussel farming carried out in the
Marmara Region. The mussel farming production amounts (tons) in the province between 2017-2023 are
shown in Figure 5. The highest production was achieved in 2020 with 1371 tons.
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Figure 5. Mussel farming production in GCanakkale province between 2017-2023 (tons)

There are 5 farms in the province that farm rainbow trout (Oncorhynchus mykiss). The distribution of
rainbow trout farming facilities by districts is as follows; 3 in Bayramig, 1 in the Lapseki and 1 in Can. The
water source of the 3 farms located in Bayramic is the Ayazma stream, which is a branch of the Kara
Menderes stream, Ayazma Kuglkgay water and Bickidere. The facility in Can is located in Seftali Creek,
a branch of the Kocabas Stream, and the facility in Lapseki is located in the Umurbey Dam Lake. The
facilities in Bayramig¢ and Can cultivate trout in concrete ponds on land, while the company in Lapseki
cultivates trout in net cages in the pond. All of the rainbow trout farming in the region is carried out in
inland waters. The two facilities in Bayramig¢ and the facilities in Can are small-scale facilities. The facilities
in Lapseki, which carries out aquaculture in net cages in the lake, is a large-scale facilities with a capacity
of 670 tonnes/year. In his study, Yuksel (2022) stated that approximately 13% of the world's trout
production is carried out in our country and that our country has an important place in the world trout
farming sector. The European Aquaculture Federation (FEAP) December 2023 report states that Turkey
was the country with the highest trout, sea bass and sea bream farming in 2022 and that trout production
was 127,000 tons (FEAP, 2023). According to TURKSTAT's 2023 aquaculture output statistics, rainbow
trout farming in inland waters amounted to 152,566 tons (TURKSTAT, 2023). Demir (2023) and Yildirm
and Cantas (2022) reported that 471,686 tons of aquaculture was carried out in our country in 2021 and
that 35% of this production was trout farming, that trout farming was carried out in a total of 68 provinces,
and that Elazi§ (26,500 tons; 16%) ranked first in rainbow trout farming. Furthermore, an analysis of DGFA
(2024) aquaculture statistics reveals that there are 2,385 operational aquaculture facilities, comprising
1,831 in inland waters and 554 in the seas. According to the Ministry's 2023 data in the Marmara Region;
There are 61 rainbow trout facilities. Canakkale province constitutes 8.2% of the trout farming in the
Marmara Region. The rainbow trout farming quantities (tons) in the province between 2013-2023 are
shown in Figure 6. The highest production was 700 tons in 2016.
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Figure 6. Rainbow trout aquaculture production in Canakkale province between 2013-2023 (tons)
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The number of facilities breeding carp fish (Cyprinus carpio) in the province is 4. The facilities are located
in Yenicekdy pond and Cinarcik pond in Yenice, Nusratiye Digsbudak pond in Lapseki and Kemalli pond
in Ezine. It has been determined that these ponds built for irrigation purposes are rented by carp farming
facilities for 5-15 years, the minimum water amounts vary between 2-5.60 hectares, and the facilities in
Yenicekdy pond is semi-intensive and the others are extensive (Anonymous, 2023a). According to
TURKSTAT 2023 aquaculture production data, carp farming in inland waters was 216 tons (TURKSTAT,
2023). In the whole country, the number of carp farming facilities is 57 (Anonymous, 2024e). Of these
facilities, 19 (33%) are located in Marmara, 15 (26%) in Aegean, 9 (16%) in Central Anatolia, 8 (14%) in
Mediterranean, 4 (7%) in Southeastern Anatolia and 5 (10%) in Eastern Anatolia. According to the data
of the Ministry 2023, it was reported that 19 carp fish facilities in the Marmara Region were distributed in
6 provinces. These provinces and the number of facilities are Edirne 9, Canakkale 4, Tekirdag 2, Sakarya
2, Kocaeli 1 and Bursa 1. Canakkale province accounts for 21% of the carp farming in the Marmara
Region. The amount of carp fish farmed in the province between 2013 and 2023 (tonnes) is shown in
Figure 7. The highest production was 9 tonnes in 2020.
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Figure 7. Carp farming production in Canakkale province between 2013-2023 (tons)

Another aquaculture facilities in the province is located in Lapseki district. In this facilities, sea bass
(Dicentrarchus labrax), sea bream (Sparus aurata), turbot (Psetta maxima) and meagre (Argyrosomus
regius) are farmed in tanks and earthen ponds. There are 104 hatcheries (marine and freshwater) across
the country. Of these hatcheries, 27 are marine fish hatcheries and have a capacity of 1.028.250.000
fry/lyear and 140.402.000 eggs/year (Yuksel, 2022). In 2022, Turkey produced 156,000 tonnes of portion
sea bass, 230,000 tonnes of juvenile sea bass, 134,000 tonnes of portion sea bream and 240,000 tonnes
of juvenile sea bream (FEAP, 2023). According to the 2023 aquaculture production data for our country,
sea bass ranked first with a production of 160,802 tonnes, while sea bream ranked third with 154,011
tonnes (DGFA, 2024). According to TURKSTAT, 2024a data, the amount of sea bass and sea bream
farming (tonnes) in Canakkale province between 2013-2022 are given in Figures 8 and 9. An analysis of
the figures reveals that production has fluctuated over the years, with sea bass production reaching its
highest level in 2021 (19 tonnes) and sea bream production peaking in 2020 (33 tonnes).Canakkale
province contributes to the production potential of our country, which is the leader in Europe in terms of
sea bream and sea bass farming, albeit at a low level.
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Figure 8. Sea bass aquaculture production in Canakkale province between 2013-2022 (tons)
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Figure 9. Sea bream aquaculture production in Canakkale province between 2013-2022 (tons)

According to TURKSTAT's aquaculture production data for the year 2024, meagre aquaculture in Turkey
was 6,149 tonnes (TURKSTAT, 2024a). According to the FEAP December 2023 report; Turkey ranks
second after Spain in meagre (Argyrosomus regius) fish farming (FEAP, 2023). When the aquaculture
facilities report for 2024 published by the Ministry of Agriculture and Forestry is examined; it is seen that
there are 102 meagre facilities in our country, 97 of these facilities are in the Aegean Region, 4 in the
Mediterranean Region and 1 in the Marmara Region. Meagre cultivation is mostly done in the provinces
of Mugla, izmir and Aydin in the Aegean Region, and the number of facilities is 72, 18 and 7, respectively.
While Mugla province ranks first in terms of facilities, Canakkale province ranks last. There is no data on
the production amount of meagre fish in Canakkale province, including previous years.

Turbot, one of the most valuable commercial flatfish species of our country, is attracting attention as a
potential species for stock increase and aquaculture (Aydin et al., 2019). Turbot farming is carried out in
2 facilities in our country, one in earthen ponds in Mugla in the Aegean Region and the other in earthen
ponds and tanks in Canakkale in the Marmara Region. In addition, turbot is raised for research and fish
breeding purposes at the Trabzon Fisheries Research Institute within the Ministry. No data was found on
the amount of turbot production in Turkiye and Canakkale province.

Lugworm (Arenicola marina) cultivation is also carried out in earthen ponds in the Ayvacik district of
Canakkale province. This facilities is the only facilities in our country that breeds lugworm.

The production quantities (tons) of the species cultivated in Canakkale province between 2013 and 2023
are given in Figure 10. The figure highlights that the production quantities of the species vary significantly
over the years. It is observed that the highest production between 2013 and 2023 was in rainbow trout
(inland) and mussel species. Mussels reached their highest production amount (1371 tons) in 2020, but
production amount (99 tons) decreased suddenly in 2021. The reason for this decline may be due to the
mucilage event seen in the Marmara Sea that year, which negatively affected the marine ecosystem.
Koncagil et al., (2022) stated in their research on mucilage that mucilage was seen in the Marmara Sea
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in 2021, that the mucilage spread over an area of kilometers affected the marine ecosystem, that the
mucilage settled on the sea bottom and caused living creatures to be deprived of oxygen, and that
creatures such as mussels that clean the seas could not perform their functions as a result of their surfaces
being covered with mucilage.
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Figure 10. Aquaculture production quantities of Canakkale province between 2013-2023 (tons)

Total aquaculture production amount and total production value of Canakkale in 2023 are given in Table
4.

Table 4. Total production amount and total production values of aquaculture in Canakkale province

Product Name Total Production Amount Total Production Value (TL)
(ton)

Inland Aquaculture 292,76 18.151.074,00

Mariculture 289,16 11.156.827,63

Total 581,92 29.307.901,63

The total production amount obtained from inland aquaculture in 2023 was 292.76 tonnes and the total
production value was 18,151,074.00 TL. The total production amount obtained from mariculture is 289.16
tonnes and the total production value was 11,156,827.63 TL. The total amount of aquaculture production
was 581.92 tonnes and the total value of aquaculture production was 29,307,901.63 TL. In 2023, the
amount of inland aquaculture production was higher than the amount of marine aquaculture production.
The aquaculture sector has been included in the scope of support since 2003 (Coteli, 2023). The fisheries
support data within the scope of rural development support provided in Canakkale between 2016-2023
are shown in Table 5.

Table 5. Fisheries support payments in Canakkale province by year (TL)

Year Fisheries Support Payments (TL)
2016 166.573
2017 522.629
2018 464.737
2019 872.130
2020 714.000
2021 1.979.575
2022 925.700
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2023 3.788.418

Of the total support amount of 3,788,418 TL for 2023, 212,666 TL was for aquaculture support. The
remaining part (3,575,752 TL) belonged to traditional coastal fishery support. In 2023, while the share
allocated for coastal fisheries was 94.4 %, the share allocated for aquaculture was as low as 5.61 %,
which was quite remarkable. In the Aquaculture Specialization Commission report, it was emphasized
that there has been a significant increase in production with the increase in support provided to the
aquaculture sector, and that increasing and diversifying production in a way that takes environmental
sustainability into account should be among the main priorities (Anonymous, 2014). In addition, Coteli
(2023) stated that the types and amounts of support given to aquaculture in our country are effective in
preventing the pressure of the increase in feed costs on prices, and that rearranging the supports given
according to the FCR rate and aquaculture costs will contribute greatly to the development of aquaculture.
In 2023, our country's aquaculture import amount was 105,252 tons and export amount was 272,192 tons
(TURKSTAT, 2024b). According to these economic data, exports were seen to be more than twice the
amount of imports. In 2023, the annual import rate in Canakkale was 92,075 tons and the export rate was
203,785 tons, and in the same year, Canakkale's marine product farming import rate was 17,290 tons and
the export rate was 28,967 tons. It was determined that 19% of the imports and 14% of the exports in the
province were provided from mariculture. The graph of import and export data of mariculture in Canakkale
province between 2019-2023 is given in Figure 11.
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Figure 11. Import and export data of marine products farming in Canakkale between 2014-2023 (tons)
4. Conclusion

Within the scope of the research, Canakkale province aquaculture facilities and the data belonging to
these facilities were comprehensively discussed. In addition, information was provided on issues such as
the province's water resources, aquaculture facilities in districts, support rates, import and export
quantities, and evaluations were made. In the research, it was seen that Canakkale province has a rich
perspective in terms of the diversity of aquatic products cultivated. This shows that the region has potential
to be evaluated based on alternative species in terms of aquaculture.

Canakkale has a great potential for the development of the aquaculture sector with its 671 km coastline.
Examining the facilities reveals that the majority are mussel production facilities operating with raft/rope
systems at sea. In particular, the fact that sea water in the region contains suitable properties for mussel
cultivation and that mussel cultivation has the advantages of being more economical and easier than the
cultivation of other species has led to the increase of this type of cultivation in the region. It seems that
Canakkale has the potential to come to the forefront with mussel farming in our country's aquaculture
sector. The studies to be carried out by the Ministry to identify and open new mussel farming areas in the
region will allow the aquaculture sector to develop further in the field of mussel farming and will also
contribute to the national economy. In addition to the existing facilities, there are 6 mussel farming facilities
that have received project approval, are in the preparation phase, and have not yet started production.
After completing the necessary preparations as soon as possible, these facilities will start production and
make a significant contribution to both the region and the sector in terms of employment and production.
Minimizing the problems encountered in mussel production by establishing bilateral cooperation between
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the Ministry and the University and conducting studies on the development of new and alternative
production technologies can contribute to the development of mussel farming. In addition, carrying out
training activities to train expert and educated personnel in mussel farming within the scope of cooperation
between the ministry, university and private sector may enable the closure of the experienced personnel
gap.Increasing sea water temperatures due to climate change, stagnation in the sea and the increase in
the amount of nutrients in the sea cause mucilage problems in the Marmara Sea. Although dense
mucilage may negatively affect mussel farming, it is important to cultivate mussels that filter seawater to
reduce mucilage formation in a planned manner to preserve the ecological balance. In Canakkale, which
serves as a gateway from the Black Sea to the Aegean Sea through the Sea of Marmara, it is important
to plan facilities to be established in the marine environment in a way that does not affect maritime traffic
and tourism.

In the research, it was determined that there is one marine fish production facilities in the province, where
sea bass, sea bream, turbot and meagre fish are grown, and that the region's need for juvenile fish is also
met to some extent. Considering the advantage of using many different cultivation environments such as
earthen pools and closed circuit systems in the cultivation of this species, it is possible to increase
production with new cultivation facilities to be opened in Canakkale, where the climate conditions are also
suitable. In addition, the opening of more hatcheries in Canakkale to raise marine fish species will meet
the need for juvenile fish in the sector.

Freshwater trout farming is carried out in the province, and three of the existing facilities use river water
sources and one uses a dam lake water source. Additionally, it has been determined that two trout facilities
have received project approval and are in the preparation phase. Carp fish are raised in 4 ponds within
the provincial borders. These ponds are artificial irrigation ponds built by Village Services and DSI. As a
result of the intensive use of ponds by local farmers to irrigate agricultural lands, there is a high probability
that carp facilities will face water shortages in the near future. There are carp facilities in the region that
have closed due to drought, and the Ministry does not accept applications for breeding in ponds due to
the drought.

The aquaculture sector is one of the sectors heavily affected by global climate change. Due to drought
caused by climate change, efficient use of water resources is extremely important for the continuation of
biodiversity and access to healthy food. At this point, it is important to prepare water resources usage
plans by considering the sustainability of both plant agriculture and aquaculture in the province. Water
pollution is a major problem affecting the entire world. Both freshwater resources and seas are affected
by pollution. The diversity of the elements that cause pollution makes the task even more complicated.
Aquatic products grown in polluted waters can accumulate pollutants in their tissues, from heavy metals
to pesticides and even microplastics. This will cause aquatic products, which are known as healthy foods,
to be considered among risky foods.

For the development of the aquaculture sector in a region, the concept of a sustainable blue economy
must first be well understood. This concept includes the correct and careful use of resources, better
management and protection of marine and ocean ecosystems. It is a matter of debate whether these
concepts are fully understood by anyone other than large companies in the aquaculture sector. It would
be beneficial to organize educational seminars that aim to raise awareness among the stakeholders of
the aquaculture sector in our country; on the correct use of water resources, good management of
ecosystems, environmentally friendly, sustainably planned and protected, and environmentally
responsible awareness, aiming to leave protected resources for future generations.

Considering the current situation, it is inevitable to make planning using advanced technology tools with
a multidisciplinary perspective for the sustainable development of aquaculture in Canakkale province.
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Ozet: Caligma alani olarak belirlenen Cihanbeyli ilgesi, Konya ili sinirlari igerisinde yer almaktadir. Cihanbeyli ilgesi sinirlari
icerisinde yapilan ilgili literatiir galismasinda, Cihanbeyli'nin farkli kilttrlerin bir arada yasadigi zengin bir tarihe sahip oldugu
acikca gériilmektedir. ilk gaglardan itibaren farkli medeniyetlere ev sahipligi yapmis olan ilge, bu cesitliligi koruyan ve
farkhhklara hosgéru gdsteren kozmopolit bir yapiya sahiptir. Kiresel iklim degisikligi, tim dinyanin kargi karsiya kaldigi cok
onemli bir gcevre ve kalkinma sorunu olarak kabul edilmektedir. Dogal nedenler, cografi kesifler ve sanayilesme gibi birgok
nedenden dolayi ortaya ¢ikan iklim degisiklidi, kuraklik seklinde llkemizi giderek daha fazla etkilemeye baslamistir. Sadece
fiziksel bir gelisme olarak gérilmemesi gereken kuraklik, insan yasamini bliylk Olglide etkilemekte ve yagamsal faaliyetleri ve
tarimsal uretimi olumsuz etkilemektedir. Kiresel iklim degisikliginden dogrudan etkilenen iller arasinda yer alan Konya iline
bagli Cihanbeyli ilgesi ve Tuz Golu, iklim degisikligi ile ilgili gbzle goérulir etkileri nedeniyle galismamizin konusu olmustur. Bu
calismada Cihanbeyli ilgesinin tarihi ve etnik kokeni ele alinirken, ilgenin kiresel iklim degisikliginden ne odlgide etkilendigi,
yillik ortalama sicaklik, yillik en disiik minimum sicaklik, yillik en yiksek maksimum sicaklik verileri incelenmis ve Cihanbeyli
ilcesinin karsi karsiya kaldigi etkilesim analiz edilmistir.

Anahtar Kelimeler: Cihanbeyli iigesi Tarihi, Tuz Gélii, Kuraklk

The Environment, Urbanization, and Climate Change of Cihanbeyli (Konya) in the
Historical Process

Abstract: The town of Cihanbeyli, which has been appointed as the domain of study, is located within the borders of Konya
province. In the relevant literature study conducted within the domain of the town of Cihanbeyli, it is clear that Cihanbeyli has
a rich history in which different cultures have existed together. The town, which has been home to different civilizations since
the early ages, has a cosmopolitan structure that maintains this diversity and tolerates differences. Global climate change is
regarded as a very crucial environmental and development problem that the whole world has been facing. The climate change,
which has been generated due to many reasons such as natural causes, geographical discoveries and industrialization, has
increasingly commenced to impact our country in the form of drought. Drought, which should not be regarded as only a physical
development, greatly impacts human life and negatively affects the vital activities and agricultural production. The town of
Cihanbeyli of Konya province and the Salt Lake, which are among the provinces directly affected by global climate change,
have been the subject of our study due to their visible impacts related to climate change. In the present study, while the history
and ethnic origin of the town of Cihanbeyli have been addressed, the degree to which the district has been impacted by the
global climate change, the annual average temperature, the annual lowest minimum temperature, the annual highest maximum
temperature data have been investigated and the interaction that the town of Cihanbeyli has faced has been analyzed.

Keywords: History of the town of Cihanbeyli, the Salt Lake, Drought, Global Climate Change.
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1. Giris

ic Anadolu bélgesinin orta kisminda bulunan Cihanbeyli, Konya iline bagh bir ilgedir. Ortalama yiikseltisi
1.000 m olan genis bir plato tizerinde kurulan ilge, Konya il merkezine 100 km uzakliktadir. Tarihi siireg icerisinde
surekli bir merkez konumunda olan Cihanbeyli ilgesi gerek tarihi 6nemi, gerek binyesinde barindirdigi kultirel
cesitliligi ile kozmopolit bir yapiya sahip olmasi ve gerekse Konya’nin tahil ambari olmasi dolayisiyla dnemli bir
yere sahiptir.

Cihanbeyli ile ilgili yapilan ¢alismalar genellikle tarihi boyutta olup bélgenin tim 6zelliklerinin ele alindigi,
toplu bilgilerin yer aldigi bir kaynak bulunamamistir. Bu agigi bir nebze de olsa kapatabilmeyi amaglayan bu
calismada Cihanbeyli’'nin tarihine, cografi, demografik ya, etnik yapisina, cevre, sehircilik ve iklim degisikligi
noktasinda ne derece bir etkilenme altinda oldugu arastirilarak sonuglari ortaya konulmustur.

2. Materyal ve Metod

Calismamiza makalemizin basliklarini hazirlayarak ve ardindan konuya iliskin kaynak taramasi yapilarak
baslanmistir. Yazili kaynaklarin yaninda s6zli kaynaklarin (réportajlarinda) kayit altina alinmasi
gerceklestiriimistir. Cihanbeyli ve Tuz goéli havzasinda Kuresel i1sinma ve iklim degisiklikleri noktasinda yapilan
arastirmalar ve calismalar da incelenmis ve sonrasinda tim bu veriler 1s1§inda bu c¢alisma hazirlanmistir.
Calismamiz sézel verilerin kullanimi yaninda arastirmamizin sonuglarinda elde ettigimiz sayisal verilerle de
desteklenmistir. Makalemiz tim bu verilerin ortaya konulmasinin ardindan son derece blyuk bir tehdit olan Kiresel
Isinma ve buna bagli olarak gelisim gdsteren iklim degisikliginin Konya’nin tahil ambari olma goérevini Ustlenen
Cihanbeyli ilgesindeki hasarlarini en aza indirgemek icin yapilabilecek ¢alisma énerileriyle tamamlanmistir.

3. Bulgular

Yapmis oldugumuz arastirmalar sonucu elde ettigimiz verilerde Cihanbeyli'nin ilk adinin kaynaklarda
Esbikesan olarak gectigi gértlmustir. Dogu illerinden gb¢ ederek gelen halk, simdiki ilgenin bulundugu tepenin
tizerindeki inlere yerlesmistir. Bu nedenle de bir ddnem ilgenin adi inevi olmustur. Esbikesan ilgesi siklikla ilgelikten
bucakliga dusurilmis, sonrasinda yeniden ilgelige terfi ettiriimistir (CK, 2002: 4).

Gegen asir igerisinde Dogu ve Guneydogu Anadolu’dan gelerek bu yoreye yerlestiriimis olan Canbegli (/Canbeyli)
asireti kis ve ilkbahar aylarinda Tuz Goli ve Haymana arasindaki bolgede surdlerini otlatmislar, yazin ise
Ankara’nin kuzeyinde yer alan daglik bolgede dolasmislardir. Canbegli asiretinin yerlestirildigi Bogrtdelik koyi
1928 yilinda ilge merkezi olmustur. Cihanbeyli ise Mirseli Efendi nahiyesi adini alarak bu ilgeye baglanmistir. 1929
yilinda Bogrudelik ilgelikten disirilerek Mirseli Efendi nahiyesi ilce olmus ve bu sire zarfi icerisinde Murseli
Efendi adi Cihanbeyli'ye déonusturiimustur (CK, 2002: 5).

Dogu ve Guneydogu illerinden gelerek bolgeye yerlestirilen ailelerle Kafkaslardan ve Balkanlardan gelmis olan
ailelerin bir arada yasadigi kozmopolit bir bélge olan Cihanbeyli ilgesi ayni zamanda Konya’nin tahil ambari olarak
ayri bir 6neme sahiptir. Yapilan arastirmalar sonucu elde edilen verilere bakildiginda kiiresel isinma ve buna bagl
gelisim gosteren iklim degisikliginden Cihanbeyli ilgesinin de blyluk O6lglide etkilendigi goérilmektedir.
Calismamizda Tuz Golu ve gevresinde kuraklik seviyesinin tespit edilmesi ydntinde énemli parametrelerden biri
olan yagisin egilim ve degisim tespiti igin yillik ortalama yagis tutarlarinin ele alindigi grafikler incelenmis bunlar
¢alismamizin ilgili bélimlerinde ele alinmistir.

3.1. Cografya ve Demografyasi

Konya ilinin bir ilgesi olan Cihanbeyli 38-39 kuzey enlemleri ile 32-55 dogu boylamlari arasinda yer
almaktadir (MKA, 2019: 5). ilgenin yaklagik alani 3000 km?dir. ilge merkezinin denizden yiiksekligi 970 m’dir.
Konya ilinin en genis topraga sahip ilgesi olan Cihanbeyli Konya’nin tahil ambari olarak bilinmektedir. Cihanbeyli,
dogusunda Sereflikochisar ve Aksaray sinirlarinin kesistigi Tuz Golu, batisinda Yunak ve Saraydnu, kuzeyinde
Kulu ve Haymana, giineyinde ise Altinekin ilgesiyle gevrilidir (CK, 2002: 14).

Cihanbeyli, kendi adini tagimakta olan genis bir plato lizerinde kurulmustur. ilge, halk arasinda “inéz{i”olarak
bilinen genis tabanli bir vadinin her iki yamacinda ve Tuz Géli’niin 20 km batisinda yer almaktadir. ig Anadolu
Bolgesi’'nin denizden uzak ve deniz etkisine kapali olan bu kesiminde yari kurak karasal iklim gérulmektedir. Yillik
ortalama sicaklik 12,3° C’ dir. Yazlan sicak ve kurak gegcmekte olan ilgede kislar soguktur. Yillik yagis miktari
322,5 mm’dir. iiceye, ortalamalar dikkate alindiginda, en fazla yagis mart ve nisan aylarinda diismektedir (CK,
2002: 16). Bélgede insuyu ve Corca isimli iki akarsu bulunmaktadir. Cihanbeylinin yakin gevresine bakildiginda
irili ufakl bircok gdl ile karsilasiimaktadir. Bunlardan en 6nemlileri Tuz, Tersakan, Bolluk ve Kdépek goélleriyle
Cihanbeyli Géleti'dir (Simsek, 2011: 254).

Cihanbeyli nifusu 2021 yilina gore 25.782 erkek ve 25.652 kadindan olusmak Uzere 51.434’tlr. Bu sayi
%50,13 erkek,% 49,87 kadin oranina karsilik gelmektedir (https://www.nufusu.com/ilce/cihanbeyli konya-nufusu-
Erisim: 30 Haziran 2023).
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3.2. Cihanbeyli’nin Etnik Yapisi

iicenin etnik yapisi incelendiginde ilge genelinde cok kiiltiirliiligiin én planda oldugu bir etnik yapi
g6zlenmektedir. ilki Osmanli Devleti’'nin yiikselis devrinde bélgeye yerlestirilmis Ojuz boyundan gelmekte olan
yerlesik aileler; ikincisi boélgeye Dodu ve Glneydogu'dan gelen Kirt asiretler; Gglincisii Balkan ve Kafkas
(Azerbaycan Karabag) Turkleri; dérdincist Dodu Anadolu’dan gelen muhacirler; besincisi Ulu Turkistan’dan
gelen Tatarlar ve bir de Konya’nin Bozkir ilgesinden go¢ ederek bdlgeye yerlesen Bozkirlilardir ki onlar da az
sayida ailelerdir.

3.3. Yerlesik Halk

Merkezde ve civar kdylerde ikamet eden halk, nlifus yogunlugu agisindan en fazla olan kesimdir. Konya ve
cevresinde yer alan Tirk oymaklari hem Karamanodgullari Beyligi doneminde hem de Osmanli Devleti doneminde
soylu atlar yetistirmiglerdir. Devlete ddemekle yUkimll olduklari vergilerini yetistirmekte olduklari atlardan
verdikleri igin kendilerine Osmanli Devleti tarafindan “Atgekenler’ismi verilmis ve sonradan 6denen bu vergi nakde
cevrilmistir (CK, 2002: 8). Tabii olarak Atgeken oymaginin igerisinde farkli oymaklardan da katilim olmus ve
kaynasmalar gergeklesmistir.

3.4. Asiretler

Cihanbeyli ve gevresine Dogu ve Gluneydodu Anadolu bdlgesinden go¢ ederek yerlesmis olan ¢ok sayida
asiretten s6z etmek mumkinddr. Bunlarin en meshur olani Halikanli asiretidir. Bu asiret Adiyaman civarindan
1840l yillarda gelerek bugliinkii Gélyazi ve Yapali mevkilerine yerlesmiglerdir. Glnylzu ve Kirkigla halki ise
hemen hemen ayni dénem igerisinde Sirnak’in Silopi ilgesinde yer alan Cudi daglarindan go¢ ederek buginki
bulunduklari konuma yerlestiriimiglerdir. Diger bir asiret olan Risvan asireti ise 1849 yilinda Malatya, Adiyaman,
Kahramanmaras ve Diyarbakir bdlgesinden go¢ etmek suretiyle gunimuizdeki Yeniceoba ve c¢evresine
yerlesmiglerdir. Rigsvan asiretinin kollari ve o kollara mensup olan mahalleler ise su sekildedir: Nasirli (Yeniceoba,
Karagedik, Burunsuz, Kusca), Halikan (Gélyazi, Karacadag, Yapali), Omeran (Tavsancgali, Beskardas, Copler,
Altilar, Tavhoren, Zincirlikuyu), Sewkan (Bulduk, Kerpig, Glzelyayla, Celep, Girdogan), Celikan (Kitikkusagi,
Atkafasi, Kirkpinar, Hisar), Molikan (Kirkisla), Cltkan (Cihanbeyli, Kulu). ilgenin batisina disen Zaferiye ve
Beyliova mahallelerinin ise Canbegli agiretine mensup olduklari bilinmektedir (CK, 2002: 8).

3.5. Balkan Gégmenleri

1950’li yillarda Balkanlardan Turkiye'ye gelerek buralar yurt edinen gé¢menler, devlet kontroliinde
Anadolu’nun cgesitli bolgelerine yerlestirildikleri gibi Cihanbeyli ilgesine bagl olan Tufekgipinar (Bulgaristan’dan
gelmis olan Bulgar Turkmenleri) (Gulgonil, 2017: 78), Ayisigi (Bulgaristan’dan gelmis olan Bulgar Turkmenleri),
Pinarbasi, insuyu mahallelerine yerlesmislerdir.

3.6. Kafkas Gogmenleri (Azerbaycan Karabag Tiirkmenleri)

Azerbaycan Gence/Arran Karabag boélgesinden Anadolu’ya gé¢ eden Bozulus’a tabi Karabag asiretine
Anadolu’da ilk kez 1540 yilinda rastlanir (Sirin, 2018: 9). Karabag asireti Anadolu’ya gelmesinin ardindan iran’a,
Azerbaycan’a ve tekrar Anadolu’ya go¢ etmis ve Anadolu’nun birgok bdlgesinde yerlesim gostermistir. Aydin,
Manisa, Adana, Rakka, Tarsus, Sis, icel, Cirmen, Karaman, Kars, Igdir, Konya Cihanbeyli, Eskisehir, Afyon
Bolvadin, Emirdag, Sultandagrnda geldikleri bodlgelere isimlerini vermek suretiyle yerlesen Azerbaycan
Tarkmenleri ¢cok sayida Karabag isimli kdyler kurmuslardir (Sirin, 2018: 11-12). Bugin Cihanbeyli'ye bagh olan
Karabagd Mahallesi Tirkmenleri bolgeye 19. yizyil baglarinda yerlesmislerdir (Gulgonal, 2017: 78). Konya'ya gelen
Karabag Turkmenlerini dénemin valisi Musalla Baglari semtine yerlestirmistir. Daha sonra Cihanbeyli’'ye go¢ eden
halk Bolluk goli mevkiine yerlesmistir. Burada develeri yanikara hastaligina yakalanan Karabaglilar bu olay
Uzerine buguinki mahallenin bulundugu konuma yerlesmislerdir.

3.7. Tatarlar

Rusya (Omsk) bolgesinden Anadolu’ya gé¢ ederek gelen Ozbekistan Tatarlari 1910 yilinda Cihanbeyli'ye
bagh olan Boégridelik kdylne yerlesmislerdir (Gulgénul, 2017: 78). Bogrudelik'te yasamakta olan Tatarlar, Rus
himayesinde yasayan ecdatlarinin Sibirya bdlgesindeki din, dil ve kiltlrleri Gzerinde uygulanan Rusya’nin guttigu
asimilasyon politikalarina kargi gé¢ etmeyi uygun goérdiklerini ifade etmiglerdir (Kiran, 2020: 1). Sibirya’daki
Miisliiman Ozbekler, Tirkiye'ye gé¢ edebilmek igin 7 yil kadar sikintili bir siireg yasamislardir. 10 Kasim 1907°de
Ramazan Bayrami’nda 185 erkek, 186 kadin olarak kizaklarla yola ¢ikmiglardir uzun ve sikintili bir gé¢ surecinin
ardindan 1 Ocak 1908 yilinda istanbul’a ayak basmiglardir. Rus hiikiimeti ve Osmanli Devleti’nden yerlesim izni
¢ikmasinin ardindan Tatarlar nihayet Bégridelik Yaylasina yerlesmislerdir (Kiran, 2020: 8-9).

3.8. Muhacirler

Muhacirleri Agri ve Erzurum muhacirleri olarak ele almak gerekmektedir. Agri muhacirleri 1950 yilinda
gecim zorlugu yasamalari nedeniyle Cihanbeyli'ye gelmiglerdir. Celali soyundan olduklarini ifade eden bu
topluluga devlet burada bir arazi tahsis etmistir. Erzurum muhacirleri ise ilk olarak 1954 yilinda Cihanbeyli
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bdlgesine gelmeye bagslamiglardir. Devletin kendilerine arazi tahsis etmesiyle birlikte yerli halk ile kaynasarak
yasamlarini stirdirmuslerdir (CK, 2002: 9).

3.9. Bozkirlilar

Cihanbeyli’de yasayan halk arasinda yukarida bahsini etmis oldugumuz gruplar disinda Konya’nin Bozkir
iicesinden gé¢ ederek buraya yerlesmis olanlar da bulunmaktadir. 1952 yili ve sonrasinda ekonomik problemler
nedeniyle go¢ ederek Cihanbeyli'ye yerlesen halk, geldikleri yillarda 80 hane dolaylarindadir. Halkin buyik
¢ogunlugu Kargiyaka ve Bahgelievler mahallelerinde ikamet etmektedirler. Bozkirlilar kisa sire igerisinde bélgeye
uyum saglayarak bélge halkiyla kaynasmislardir (CK, 2002: 9).

Sonug olarak Cihanbeyli, biinyesinde barindirdigi bu etnik gesitlilige ragmen higbir zaman bundan rahatsizlik
duymadan, birlik ve beraberligine zarar vermeden bir bitlnlik icerisinde yasamayi basarmis ve bu konuda buytik
bir 6rnek teskil etmistir. Bu bahsedilmis olan gruplar arasinda kiz alip-verme ¢ok fazla gortilmektedir ve bdylece
de gugclu akrabalik iligkileri kurulmustur.

3.10. Tarihi
ilkgag’da Cihanbeyli

“Cihanbeyli ilgesinin kuruldugu platonun ismi antik dénemde Axylon Ovasi olarak bilinmekteydi. Galatia,
Lykaonia ve Frigya bolgeleri ile gevrili olan bu bdlge MS IV. yiizyildan itibaren, Bizans Déneminde Phrygia’dan
ayrilarak baz kentlerle kurulan Galatia Salutaris vilayeti igerisinde gorulur. Galatya ile Lykaonia siniri Glauma
(insuyu) ile Petinessos (Piribeyli) idi” (Bahar, 2011: 254).

Cihanbeyli ilgesi ginuimizde oldugu gibi antik dénem igerisinde de kuzey-guney ulagsiminda énemli bir yere sahipti.
Galatya’nin merkezi Ankara ve g¢evresini Lykaonia'ya baglayan yollar tzerinde bulunmakta idi. “Hatip Yaylasi,
Bahadirli Yaylasi, Kuru Yolu, Aktoprak, Karagayir 1-2-3, Eski Kdy, Oz, Karinin Pinari olarak bilinen bu yiizey
yerlesmelerinde Roma-Bizans kiiltirlerine ait izlere rastlanmistir” (Bahar, 2011: 254). Cihanbeyli ve gevresi Orta
Anadolu’nun merkezinde stratejik bir konuma sahip olmasi; ulasim yollarinin kesismekte oldugu bir bolgede yer
almasi, insanlarin Neolitik Cagdan itibaren (MO VII. binler) kullandiklarini bildigimiz tuz kaynagina sahipligi gibi
sebeplerden 6tlrd en erken devirlerden itibaren uygarliklarin dikkatini gekmistir.

Antik kaynaklarda “Tatta” olarak adi gegen Tuz Goli ve Cihanbeyli cevresinde Neolitik Devirden itibaren cesitli
yerlesmeler gorilmustir. Cihanbeyli-Yapal kéytndeki llica Pinar'da gorilen Neolitik donem yerlesimi bu devrin
izlerini tagimaktadir (Bahar, 2011: 254).

Heniiz Anadoluda yazili belgelerin gérilmedigi dénemlerde MO IlI. binli yillara ait Mezopotamya yazil
belgelerinde bdlgede yer almakta olan tuz kaynaklarinin dnemine iliskin bilgilere deginilmistir. Ornegin Akad Krali
Sargon’a MO 2350 yillarinda yazildi§i tespit edilen bir mektupta Purushanda’ya tuz ticaretine giden ve o bélgede
mahsur kalmis olan tliccarlarin kraldan yardim istedikleri gortilmektedir. Her ne kadar Purushanda’nin Konya
Karahdylk mi yoksa Aksaray-Acemhoyik mi oldugu konusunda farkli gorisler bulunmakta olsa da bu durum
tlccarlarin bolgeye tuz ticareti icin gelmis olduklari gergegini degistirmez (Bahar, 2011: 255).

Diger taraftan bolge Hititler devrinde de Bati Anadolu’da guglu bir federasyon devleti olarak hukim siren Arzawa
Devleti'ne karsi yaptiklari seferlerin Gzerinde bulunan bir bélge konumundaydi. Hititler ddneminde Cihanbeyli ve
cevresi Zallara (Zalaraiag) olarak isimlendirilmekteydi. Zallara’nin kuzeyi Kulu bdlgesi Harziuna, giineyi Konya
bdlgesi Lukkoniwia ve bati bolgesi llgin-Aksehir ¢cevresi Pitagsa olarak adlandiriimisti. Cihanbeyli bolgesinde Hitit
doénemine ait ¢cesitli yerlesmeler gorilmektedir. Bunlar, Gemecik mahallesindeki Kiltl, Damlakuyu mahallesindeki
Corca Hoyigl, Saghk mahallesinde Misko, insuyu mahallesinde Emir Oren Héy(igii, Karatepe mahallesinde ise
Karatepe Hoyligidiir. Bu yerlesmelerden yalnizca Gemecik mahallesindeki Kiilti’de Hitit imparatorluk dénemine
ait canak ¢émlek buluntulari tespit edilmistir (Bahar, 2011: 255). *

Cihanbeyli’nin Corca, Karatepe, Misko ve Kulu'nun Gire Gord isimli hdyuklerinde Demir GCagi donemiyle tarihlenen
¢anak ¢émlek buluntulari bu dénemde bdélgedeki yerlesimin en 6nemli kanitlaridir. Bélgedeki Geg Hitit donemi
yerlesim yerlerini Frig yerlesmeleri izlemistir. Corca, Misko ve Gire Gord yerlesim yerlerinde Frig donemine ait
boyali, bezekli canak ¢dmlek pargalari tespit edilmistir (Bahar, 2011: 255).

Cihanbeyli ve gevresi Roma-Bizans déneminde ulagsim yollari (izerinde olmasi dolayisiyla istanbul-Antakya-Kudiis
arasindaki hag yollari Gizerinde bulundugu da gértulmektedir. Fakat bélge su agisindan yeterli olmamasindan dolayi
bdlgeden gecmekte olan yollar dénem dénem énemini yitirmistir. Bu sebeple blylk askeri birlikler, cogu zaman
Tuz GOlU’nin kuzeyinden Aksaray istikametini ya da daha da gineyden Aksehir- Ladik- Altinekin- Aksaray;
Aksehir-Konya ya da Karaman- Bozkir- Beysehir- Isparta hattini kullanmayi tercih etmislerdir. Dolayisiyla
Cihanbeyli ve gevresi tarih boyunca bati-dogu ulasimi Uzerinden Anadolu’nun kuzey-guney yol baglantisini
saglamistir. Ginuimizde de Konya-Ankara karayolunda bu baglantiyl gérmemiz mumkindur (Bahar, 2011: 256).

12012 yilinda gikarilmis olan Blylksehir yasasiyla koyler mahallelere dontstirilmustr.
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3.11. ilkgag’dan Sonra Cihanbeyli

Tarklerin Anadolu’yu fethinin ardindan surekli savaslara, en azindan blylk ordularin hareketlerine sahne
olan Cihanbeyli (Esbikesan) bolgesinde surekli bir hareketlilik s6z konusudur. Anadolu’yu yurt tutmus olan ilk Tark
boylarinin iskanindan sonra XllI. yuzyilin ikinci yarisindan itibaren Cihanbeyli yine siyasi olaylarin yagandigi bir
bélge olmustur (Giilgéniil, 2017: 6). “ilk yerlesme ve kismi huzur ortamindan sonra Mogollar Selguklu devletine el
koymus, tahakkimleri arttikga huzursuzluk ve kargasa birbirini takip etmistir. Mogollar, 6zellikle 1278, 1280 ve
1286 yillarinda Konya bélgesinde buylk tahribat yapmislardir (Turan, 1993: 447).” Bolge Mogol ve Tirkmen
beylerinin mucadelelerine sahne olmasinin ardindan XIV. yuzyildan XV. ylzyll sonuna kadar Osmanli-
Karamanoglu arasindaki micadelelerde tehlike aninda rahatlikla terkedilebilecek bir yer olarak konar-gogerlerin
barindidi bir alan olmustur. Osmanli devleti bélgede kesin hakimiyeti saglamasinin ardindan konar-goger yasam
tarzini benimsemis olan Tirkmenlere iyi at yetistirdikleri icin “Atgekenlik”statlisii vermistir (Karadeniz, 1997: 116-
117). Osmanli-Karamanoglu miicadelelerinin hemen ardindan XVI. yiizyilda baglayan ve XVII. Ylzyilin ortalarina
kadar devam eden Celali isyanlari Cihanbeyli bélgesinin demografik 6zelliklerinin yeniden sekillenmesine sebep
olmustur. XVIII. ylzyildan itibaren Celali isyanlari nedeniyle bos kalan bu bélgeye Dogu ve Gilineydogu Anadolu
bdlgesinden gelen agiretler yerlestiriimistir. Bu asiretler dnceleri bdlgeye yalnizca yaylak amagh yaz aylarinda
gelmig, Eylil sonlarina dogru develerini ylkleyerek Cukurova taraflarina Halep altina gitmiglerdir (CK, 2002: 3).
Dogu illerinden gog ederek gelen halk ilgenin bulundugu tepedeki inlere yerlesmistir. ilkin inleri ev, daha sonra ise
agil, samanlik, ahir, depo olarak kullanmiglardir. inlerin ev olarak kullaniimasi sebebiyle bélge belli bir dénem
INEVI olarak adlandiriimistir (CK, 2002: 4).

Cihanbeyli tarihi sure¢ icerisinde birgok kez ilgelikten bucakliga, bucakliktan ilgelige statu degisikligi yasamistir.
Dogu illerinden gelen gogler sirasinda Cihanbeyli'nin Boégridelik mahallesine, "Canbegli Asireti" yerlestirilir.
Bogridelik, 1928 yilinda ilge merkezi haline gelir. Cihanbeyli de "Mirseli Efendi" Nahiyesi ismini alarak
Bogrudelik’e baglanir(CK, 2002: 4). 1929 yilinda Boégridelik'ten ilgelik alinir, Mirseli Efendi Bucagdi ilge olur.
Bogrudelik'te bulunan Canbegli Asiretinin adina uygun olarak Mirseli Efendi adi “Cihanbeyli'ye” dénusturilir (CK,
2002: 5).

3.12. Gevre, Sehircilik ve iklim Degisikligi

Cihanbeyli’nin, dogusunda Tuz Golu ve Aksaray ili, batisinda Sarayénu ve Yunak ilgeleri vardir. Glineyi
Altinekin ilgesi, kuzeyi Kulu ve Ankara'nin Haymana ilgeleriyle gevrilmistir. YizdlgimU yaklasik 4.109 km?'dir ve
Cihanbeyli yuzoélcimu bakimindan Turkiye' nin en buylk ilgesidir (http://www.konya.gov.tr/cihanbeyli Erisim: 30
Haziran 2023).

Cihanbeyli tarih boyu bucakliktan ilgelige, ilgelikten bucakhda birgok kez yer degistirmistir. Bu slrekli yasanan
degdisim, ilgenin durumunun bir tarlt netlesemiyor olmasi, ¢ok blylk bir yizélcimiine sahip olmasi gibi sebepler
neticesinde Cihanbeyli bir tirlt tam bir gelisme ve sehirlesme saglayamamistir.

Tarihi slre¢ incelendiginde Cihanbeyli’'nin ilce olusu Cumhuriyet tarihi ile 6zdes gdérinmektedir. 1928 yilinda
Konya-Ankara karayolu yapilmistir. Yolun yapimi ile birlikte Cihanbeyli diger bir ismi ile (Marseli Efendi) merkez
durumuna gelmistir. Konya-Ankara karayolu 260 kilometrelik bir yol olup bu giizergah Gzerinde hicbir ilce merkezi
bulunmamaktadir. Devletin hizmetlerini halka rahat bir sekilde ulastirmasi igin &6zellikle saghk ve savunma
ihtiyaclarinin rahat bir sekilde giderilmesi adina bu glizergéh Uzerinde bir ilge bulunmasinin faydal olacagi
dusunulerek Mirseli Efendi’'nin ilce olmasina karar verilmistir. Bogridelik’ten ilgelik alinarak 1929 yilinda
Cihanbeyli ilge olmustur (CK, 2002: 5).

1980 yilinda dénemin belediye baskani Mustafa Kerimoglu zamaninda Cihanbeyli merkezine uzak olan yerlere
beldeler kurulmus ve bu bdlgeler kasaba belediyeleri seklinde yonetiimeye baglanmistir. Atilan bu adimla birlikte
Cihanbeyli belediyesi artik yogun olarak Cihanbeyli merkezine hizmet edecek sekilde bir planlamaya gitmistir.
Bdylelikle Cihanbeyli'de ilce merkezi daralmis ve yapilacak olan hizmetlerin bdlge halkina rahat bir sekilde
ulastiriimasi saglanmistir. Belediye baskani tarafindan ilge hakkinda yapilacaklar planlanarak éncelik alt yapi
calismalarina verilmistir. Oncesinde, ilgede yer almayan alt yapiya oldukga blyiik bir Snem verilerek bir imar plani
hazirlatilmis ve akabinde su, kanalizasyon gibi alt yapi hizmetleri bdlgeye ulastiriimistir. Ardindan bugln ilceye
uzakhdi 20 km olan insuyu beldesinden su getiriimistir. Bélgeye getirilen bu suyun 50 yil gibi bir zaman zarfinda
ilceye yetecegi sdylenmisse de ilgenin suyu hald bu bdlgeden gelmeye devam etmektedir. Bu temel iki alt yapi
eksikliginin tamamlanmasinin ardindan ilgenin bir diger ihtiyaci olan yollarin agilmasi ¢aligmalarina agirlik verilmig
ve boylelikle ilgenin daha giizel bir gérinime kavugsmasinin yaninda sehirciligin gelismesine yonelik adimlarin
devam etmesi saglanmistir. Giiniimiizde oldukga popiiler olan indnii Bulvari, Mehmet Akif Ersoy Caddesi, Atatiirk
Caddesi gibi caddeler yapilmistir. Bu caddeler Cihanbeyli'nin dogusuyla batisini birbirine baglayan ¢ok dnemli
caddelerdir?. Zamanla bu yollara eklenen baglanti yollari ile birlikte ilge artik yavas yavas sehir gérinimi almaya

2 By bilgilere Eski Belediye Baskanlarindan Mustafa Kerimoglu’nun oglu Mimar Oguzhan Kerimoglu ile 05.12.2022 tarihinde yapilan
roportaj sonucunda ulasiimigtir.
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baslamistir. Stregelen zaman igerisinde ilgeye gelen ¢esitli goglerle artan niifus barinma ihtiyacinin da artmasina
neden olmus ve yapilan evler, is yerleri, saglik kuruluslari, egitim kurumlari gibi sosyal kurumlarin insa edilmesiyle
birlikte ilge gelismeye ve sehircilik faaliyetleri alaninda ilerlemeye baslamistir. Cihanbeyli gelismisligi hakkinda en
son 2018 yilinda Mevlana Kalkinma Ajansi SEGE (Sosyo- Ekonomik- Gelismislik Siralamasi Arastirmalari)
verilerine gore 37 ilge arasinda Cihanbeyli 1113,9 oraninda gelismislik endeksi ile 11. sirada yer almistir (Glrbiz,
2019: 10).

Kiresel iklim degisikligi tim dinyanin karsi karsiya kaldigi en 6nemli ¢gevre ve kalkinma problemi olarak tlkemiz
icin de dncelikli dnlem alinmasi gereken konular arasinda yer almaktadir.

Dinya iklimi tarihi surec¢ icerisinde birgok kez degisim gdstermistir. Bu degisim, dogal nedenlerden
kaynaklanabildigi gibi cografi kesifler ve sanayilesme gibi bir¢cok insan faaliyetlerinden dolayi da ortaya ¢ikmistir.
Endustri devrimi ile beraber fosil yakit kullanimi ile atmosferin kimyasal olusumu etkilenmistir. Bunun sonucunda
18. ylzyilin ortalarindan itibaren atmosferde karbondioksit, metan ve azot oksit artmistir. Dolayisiyla atmosferde
bulunan sera gazlari artmis ve kuresel 1Isinma ortaya ¢ikmistir. 20. ylzyil boyunca yeryizindeki ortalama kiresel
yuzey sicakligi 0,6 °C artmigken, gelecek yiizyllda da ortalama yilzey sicakliginin 1,4-5,8 °C artacagi
beklenmektedir. Bu i1sinma, iklim degisikliginin yani sira taskin ve kuraklik gibi asiri olaylarda artiglara sebep
olabilecegi gibi hidrolojik afetleri hizlandirici bir etken olarak da gorilmektedir (Koksoy, 2012: 6).

Zaman igerisinde etkileri gittikge artan kiiresel 1sinma, tilkemizi de kuraklik diizeyinde etkileyecektir. Ozellikle Orta
Anadolu ve Gineydogu Anadolu bélgelerinin ciddi anlamda bir yagis eksikligi yasamasi beklenmektedir. Zaten adi
gecgen bu bolgelerin gegmis yillardaki yillik yagis ortalamalarina bakildiginda epey dusuk degerlere sahip oldugu
da anlagiimaktadir. Bahsi gegen bu bdlgelerin kurak bir iklim yapisina sahip olmasinin yaninda bir de yasanan
kuresel 1sinma tehdidi, hem tarimsal Uretim hem de diger yasamsal faaliyetler igin gerekli olan su ihtiyacinin
karsilanmasi asamasinda énemli bir sorun olusturmaktadir. Kuraklik, taskin sel gibi ani meydana gelen dogal
afetler arasinda olmamasina ragmen, diinyadaki doda olaylari icerisinde en fazla maliyeti olan dogdal afetlerdendir
ve kiresel anlamda olduk¢a énemli maddi zararlara sebep vermektedir (Koksoy, 2012: 6).

Tarkiye yerkurenin kuraklikla kargi karsiya bulunan dnemli bir bolgesindedir. Bélgemizde kuraklik olmasa dahi,
nifus artisi, yeni alanlarin sulamaya acgilmasi ve su kaynaklarinin kirlenmesi neticesinde simdiden kisi basina
disen su miktarinda ciddi bir yetersizlik s6z konusudur (Sen, 2003: 265-285).

Kuraklik yalnizca fiziksel ya da bir doda olayl olarak goérilmemelidir. Kurakli§in, insanin ve onun yasamsal
faaliyetlerini devam ettirebilme adina hayatinda ¢gok énemli bir yere sahip olan su kaynaklari tizerinde gesitli etkileri
vardir. Uzun sireli yasanan kuru havalar havadaki nem miktarini azaltarak toprak ve su kaynaklari tzerinde
olumsuz etkilere sebep olmaktadir. Bunun neticesinde ciddi gevresel, ekonomik ve sosyal problemlerin ortaya
ciktigi gorilmektedir. Esas olarak kuiresel iklim degisikligi nedeniyle gittikge artan sicaklik ve buna bagh olarak
gelisen yagis yetersizligi neticesinde ortaya ¢ikan kuraklik, Gretimde azalmaya, yetersiz beslenmeye ve kithga
dolayisiyla aclik kaynakli 6limlere neden olabilecedinden tim dinyay! olumsuz yonde etkileyen klresel bir tehdit
olarak goérulmektedir (Koksoy, 2012: 8-9).

Kuresel iklim degisikligi ve kurakliktan en cok etkilenen i¢ Anadolu’da Konya ovasi ve Tirkiye'nin ikinci biyiik
g6lune yani Tuz Gdélune sahip olan, Konya’'nin Cihanbeyli ilcesidir. Cihanbeyli, 38°39’ kuzey enlemiile 32°55’ dogu
boylami arasinda yer almaktadir. il merkezine uzakhg 98 km’dir. iigenin deniz seviyesinden ortalama yiiksekligi
950-1.000 metredir. Kuzeyinde Kulu ve Ankara’nin Haymana ilgesi; gineyinde Altinekin, batisinda Saraydnu ve
Yunak ilgeleri, dogusunda Tuz Gélii ve Aksaray ili bulunmaktadir. iigenin yiizélgiimii 3.634,76 km?dir (MKA, 2019:
5).

“Tuz Golu'nu besleyen sular doguda Sereflikochisar'dan gecen Pegenek Suyu, glineyde Eskil'den gdle giren
Baglica ve Kirkdelik sulari ile Esmekaya kaynaklari, glineybatida Tersakan ayagi ile batida Cihanbeyli'den gelen
Insuyu'dur” (Ekercin, 2007: 26-27).

“Tuz GOlu ile yakin iliskide olan géller, Tuz Golu ile bir ekosistem bitinligu gostermektedir. Yakin gevresindeki
golller Tersakan Golu, Bolluk Golu ve Kulu Goélleridir. Tuz Golu kisin kapladigi genis su alani ile su kuglari igin
onemli bir kislama alanidir” (Ekercin, 2007: 27). “Tuz Golu ve gevresi Uluslararasi kistaslara gore A sinifina giren
bir sulak alandir. Tuz G6li Havzasi 14.09.2000 tarih ve 2000/1381 sayili Resmi Gazete’de yayimlanan Bakanlar
Kurulu Karariyla Ozel Cevre Koruma Bélgesi olarak tespit ve ilan edilmistir’ (Ekercin, 2007: 27).

“Bolge daglarla cevrili olmasindan dolayi, denizlerin nemli ihman havasi bdlgeye sokulamaz. Bu nedenle de
topografyaya bagli olarak Tuz G6lu ve Havzasinda, yazlari sicak ve kurak, kiglari soguk ve kar yagish olan karasal
iklim hakimdir. Bolgede, doduya dogru gidildikge yliksekligin artmasina bagh karasallik derecesi artar ve kis
sicakliklari gok diisiik degerlere ulasir’ (Akin, 2019: 46). ic Anadolu bélgesi, tilkemizin en az yagis alan bélgesidir.
Ortalama yagis bolgede 400 mm civarindadir ve bdlge en fazla yagisi ilkbahar aylarinda saganak seklinde
almaktadir. En kurak mevsim ise yaz mevsimidir. Bolgenin ve tllkemizin en az yagis alan bdlgesi ise Tuz Goli
cevresidir (320 mm). Bolgede, sicakligin arttigi ddnem, yagislarin da azaldigi déneme rastladigi igin, buharlasma
ile birlikte bitkilerin kaybettigi su miktari kargilanamamakta ve Haziran ile Kasim arasi dénemlerde ciddi bir kuraklik
gOrulmektedir (Akin, 2019: 47).
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Cihanbeyli bolgesi ve Tuz Goli havzasinin iklim degisikliginden ne derece etkilendigini ortaya koymak amagh
cesitli akademik galismalar ortaya konmustur. Bu calismalar incelendiginde Tuz GoOlU ve gevresinde kuraklik
derecesinin tespit edilmesi yoninde énemli parametrelerden biri olan yagisin egilim ve degisim tespiti igin yillik
ortalama vyagis tutarlarinin 1975-2016 yillari arasindaki egilimleri incelenmistir. Tuz GOli ¢evresindeki
istasyonlarda yillik ortalama yagis egrileri incelendiginde 40 yillik streg icerisinde yagislarda %16 ile %24 oraninda
bir azalma goéralmastar (Akin, 2019: 51). Ortalama yagis miktarinda 1,2-11,6 mm arasinda bir azalma meydana
gelmigtir. Bu veriler neticesinde zaten kurak bir yapiya sahip olan Tuz Gélu ve ¢evresinde kuraklik etkisinin daha
da siddetlendigi gorulmektedir.

Su varligini etkileyen diger dnemli parametrelerden biri de sicakliktir. Tuz Goélu gevresindeki istasyonlarda yillik
ortalama sicaklik egrileri incelendiginde Tuz Golu ve gevresinde 40 yillik zaman diliminde ortalama sicakligin 1,7
ile 3,6°C arttig1 gortlmektedir. Bu artis ise yerlstl su kaynaklarinin hizli bir sekilde buharlagsmasina neden
olmaktadir (Akin, 2019: 51).

Biatin bu etkilerin yaninda binlerce yildir Konya ovasinda susuz hasat edilen tahillar yerine Cihanbeyli ve
cevresinde sulama gerektiren ekim bitkilerine (misir, seker pancari vb.) gegilmesi su kullanimini artirmis ve Tuz
Goli'niin kurumasini daha gok tetiklemistir. iklim degisikligi neticesinde etkisi gittikce artan kurakliktan etkilenmeyi
en aza indirmek isteyen insanlar azalan ylzey sularindan yeralti su kaynaklarina yonelmiglerdir. “Yeralti suyu
kullanimi amagli olarak havzada, 6.000 adet kuyu ruhsath olarak ac¢ilmistir. Bununla birlikte havzada yaklasik
10.000 adet kuyunun da ruhsatsiz olarak kagak agildigi tespit edilmistir” (Ekercin, 2007: 72).

Kuresel Isinmadan ve buna bagli gelisim gosteren iklim degisikliginden oldukga fazla etkilendigi gérilen Cihanbeyli
ilcesi ve Tuz Go6li havzasinda gerekli 6nlemlerin alinmasi iklim degisikliginin bdlgeye verecegdi zarari en aza
indirme agisindan buylik 6nem arz etmektedir. Bu dogrultuda da hazirlanmis gesitli stratejik planlar bulunmaktadir.
Bu planlara gore ciftcilerimizi bilingli giibre kullanimi igin tesvik ederek sulama, toprak isleme, tarimsal ilaglama
gibi konularda modern teknikler kullaniimasi saglanarak emisyonlarin en aza indiriimesi amaglanmaktadir.
Beraberinde kurakliga dayanikli bitki tirleri ile sertifikali tohum Uretimi desteklenmekte ve halkimiz arasinda bunun
yayginlagsmasina 6zen gosterilmektedir (CSB, 2010-2023: 28).

Ureticilerimizin sulama suyu kullanimlarinda tasarruf etmelerini saglayacak, maliyeti azaltacak modern basingli
sulama sistemlerinin (damlama/yagmurlama) kullaniimasina yonelik tesvikler yapilmaktadir.

Milli agaclandirma seferberligi kapsaminda (lke genelinde agaclandirma calismalari yapiimaktadir. Ozellikle
Konya Cihanbeyli gibi kurak/yari kurak alanlarda susuzluga dayanikli agag tirleri tespiti yapilarak bunlarla
agaclandirma yapilmaktadir.

Tarim sigortalari kanunu kapsaminda kuraklik, dolu, sel, don, firtina, heyelan gibi iklim olaylarinin da igerisinde yer
aldigr dogal afetlerden Uureticiyi koruyabilme adina uretici zararlarinin tazmini gergeklestiriimektedir. Yine ayni
sekilde tabii afetlerden zarar goren (Ureticiye saglanacak yardimlar ile Ureticinin kiresel 1sinma ve iklim
degisikliginden en az derecede etkilenmesi arzu edilmektedir (Talu&Kocaman: 23).

4. Tartisma ve Sonug¢

Konya ilinin en genis topraga sahip olan Cihanbeyli ilgesi tarih boyunca bir¢ok farkli kiltir ve medeniyete
ev sahipligi yapmigs ve sure gelen zaman icerisinde de yine ayni sekilde farkliliklarin kaltirel ¢esitlilik olarak kabul
edildigi; insanlarin huzur ve birliktelik icerisinde yasadiklari kozmopolit bir ilce olma 6zelligini devam ettirmektedir.
Konya’nin tahil ambari olarak bilinen Cihanbeyli; dogusunda Sereflikochisar ve Aksaray sinirlarinin kesistigi Tuz
Goll, batisinda Yunak ve Sarayoni, kuzeyinde Kulu ve Haymana, giineyinde ise Altinekin ilgesiyle ¢evrilidir (CK,
2002: 14).

Yuzolgimi yaklasik 4.109 km?Zdir ve ilge yuz6lgimi bakimindan Turkiye' nin en buydk ilgesidir
(http://www.konya.gov.tr/cihanbeyli Erisim: 30 Haziran 2023).

Tarihi stire¢ incelendiginde ilge olusu Cumbhuriyet tarihi ile 6zdes olan Cihanbeyli'de gevre sehircilik faaliyetleri
1980 yilinda dénemin belediye baskani Mustafa Kerimoglu zamaninda hiz kazanmis ve ginimuzdeki seklini
almistir.

Tum dianyay ciddi boyutlarda etkileyen kiresel iklim degisikligi tahil ambari olarak bilinen Cihanbeyli'yi de etkisi
altina almistir. Yilhk ortalama sicaklik verileri ve yillik ortalama yagis verileri incelendiginde belirli periyodlarda
sicaklik oraninin artarken yagis miktarinin dismeye basladi§i gézlenmektedir. Bu veriler géz 6niine alindiginda
zaten kurak bir yapiya sahip olan Cihanbeyli Tuz Golu ve cevresinde kuraklik etkisinin daha da siddetlendigi
gOrulmektedir. Artan sicaklik mevcut su kaynaklarini da dodrudan etkileyerek sicakligin artmasina bagli olarak yer
Ustl su kaynaklarinin hizli bir sekilde buharlagsmasina yol agmaktadir.

Hizli bir sekilde gelisen kuresel 1sinmadan ve buna bagl gelisen iklim degisikliginden oldukga fazla etkilendigi
gorilen Cihanbeyli ilgesi ve Tuz Goélu havzasinda gerekli 6nlemlerin alinmasi iklim degisikliginin bolgeye verecegi
zarari en aza indirme noktasinda blylik énem arz etmektedir. Bu olusacak zararin 6niine gegebilme adina stratejik
planlar yapilmaktadir. Bu planlarla giftcilerimizi bilingli giibre kullanimi igin tesvik ederek sulama, toprak isleme,
tarimsal ilaglama gibi konularda modern teknikler kullaniimasi saglanarak emisyonlarin en aza indiriimesi
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amaglanmaktadir. Beraberinde kurakliga dayanikl bitki tdrleri ile sertifikali tohum Gretimi desteklenmekte ve
halkimiz arasinda bunun yayginlagsmasina 6zen gosterilmektedir (CSB, 2010-2023: 28).

Sonug olarak Glkemiz genelinde kiresel sicaklik ve iklim degisikligi zararlarinin en aza indirilmesi amacina yonelik
birgcok calisma yapilmakta ve daha ilerisi icin planlamalara devam edilmektedir. Ozellikle kiresel sicakligin
beraberinde getirdigi kuraklikta oldukga etkili olan tarimda bilingsiz su kullaniminin éniine gegilmeli ruhsatsiz

yeralti su kaynaklari durdurulmalidir.
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RUSLE (3D) Modeli Kullanilarak Toprak Erozyonu Tahmini; Atikhisar Baraiji
Havzasi Ornegi (Canakkale)
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Ozet: Tirkiye’nin kuzeybatisinda Canakkale ili sinirlari iginde bulunan Atikhisar baraji havzasi, 336.3 km?
yuzoélgimine sahiptir. Bu galisma, Atikhisar baraji havzasinin toprak erozyonu duyarliligi ile dagilisinin belirlenmesi,
ayni zamanda yillik ortalama toprak kaybi miktarinin tahmini amaciyla yapilmistir. Bu amaca ulasmak icin Cografi
Bilgi Sistemleri tabanli Dizenlenmis Evrensel Toprak Kaybi Denklemi (Revised Universal Soil Loss Equation -
RUSLE) kullaniimigtir. Denklemin havzaya uygulanabilmesi i¢in havzanin yagis, toprak, arazi kullanimi, egim
uzunluk ve egim diklik ve erozyon 6nleyici faktorler gibi erozyonu etkileyen parametrelere ait haritalar Gretilmigtir.
Sonrasinda bu haritalar ¢akistirilarak hesaplamalar yapilmis ve erozyon duyarlilik siniflari olusturulmustur. Béylece
erozyon duyarlilik siniflarinin mekansal dagihmi ile yillik tahmini toprak kaybi miktar belirlenmistir. Calisma
sonucunda Atikhisar Baraji havzasinda ¢ok hafif, hafif, orta siddetli, siddetli ve ¢ok siddetli olarak ayirt edilen bes
farkli grupta erozyon duyarlilik sinifi tanimlanmistir. Buna gére havzanin %31.1’'inde ¢ok hafif, %34.2’sinde hafif,
%5.0'inde orta siddetli, %7.8’sinde siddetli ve son olarak %21.9'unda ise ¢ok siddetli erozyon duyarlihdi tespit
edilmigtir. Ortalama bir hesap ile 11.7 ton / ha / yil erozyon duyarliligi hesaplanmistir. Atikhisar baraji havzasinda
hesaplanan erozyon duyarlihgi, Tirkiye ortalamasi olarak hesaplanan 8,24 ton/halyll degerinden yiksek
bulunmustur.

Anahtar Kelimeler: Toprak Erozyonu, Siltasyon, Atikhisar Baraji, RUSLE, Cografi Bilgi Sistemleri

Soil Erosion Estimation Using the RUSLE (3D) Model: The Case of the Atikhisar
Dam Basin (GCanakkale)

Abstract: The Atikhisar dam basin, located within the borders of Canakkale province in northwestern Turkey, has a
surface area of 336.3 km?2. This study was carried to determine the soil erosion susceptibility and distribution of the
Atikhisar Dam Basin, as well as to estimate the annual average soil loss. To achieve this objective was used the
Geographic Information System-based Revised Universal Soil Loss Equation (RUSLE). To apply the equation to the
basin, were created to data layers rainfall, soil, land use, slope length, slope steepness, and erosion control factors.
Subsequently, the layers were overlayed, calculations were made, and erosion susceptibility classes were created.
Thus, the spatial distribution of erosion susceptibility classes and the estimated annual soil loss amount were
determined. As a result of the study, five erosion susceptibility classes, distinguished as very low, low, moderate,
severe, and very severe, were defined in the Atikhisar Dam Basin. Accordingly, very low erosion susceptibility was
calculated in 31.1% of the basin, low in 34.2%, moderate in 5.0%, severe in 7.8%, and very severe in 21.9%. An
average calculation resulted in an erosion susceptibility of 11.7 tonnes/hal/year. The erosion susceptibility calculated
in the Atikhisar dam basin was found to be higher than the Turkiye average value of 8.24 tonnes/hal/year.
Keywords: Soil Erosion, Siltation, Atikhisar Dam, RUSLE, Geographical Information Systems
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1. Girig

Barajlar, basta temel su ihtiyaci olmak Uzere elektrik Gretimi, taskin kontroli vb., gibi ¢esitli amaglarla
yapilmaktadir. Baraj havzalari, dogal veya antropojenik kokenli degisikliklere karsi hassas bir ekosisteme
sahiptir (Soukhaphon vd., 2021). Yapilis amacina goére degiskenlik gostermekle birlikte sagladigi faydalara
bagh olarak diinya ekonomisi i¢in hayati bir 6neme sahiptir (Snyder vd., 2004). Barajlarin ekonomik émuirleri
rezervuarlarinin siltasyonla dolmasi igin gerekli strenin uzunlugu ile ilgilidir (Palmieri vd., 2001). Erozyon
olayinin dogal bir sonucu olan siltasyon, diinyada ve Tirkiye’de yaygin olarak gorilen (Atalay, 1983) ve
barajlarin ekonomik édmrind kisaltan 6énemli bir jeomorfolojik problemdir (Efe vd., 2008a; Efe vd., 2008b;
Ciurebal vd., 2012). Rezervuar émrinin uzunlugu tzerinde belirleyici role sahip olan erozyon ve siltasyon gibi
parametreler tahmin edilmeye calisiimaktadir (Dutta, 2016). Toprak erozyonu, siltasyon ve sediment verimini
tahmin etmeye dayal gesitli modeller gelistiriimistir. Ginimuzde genel olarak Cografi Bilgi Sistemleri (CBS)
tabanli gelistirilen bu modeller, fiziksel, ampirik, kavramsal ve hibrit modeller olarak dort gruba ayrilir (Dutta,
2016). Ampirik modellerin havza dlgedinde kolaylikla uygulanabilirligine bagh olarak baraj havzalarinda
siltasyon birikiminin tahminlerinde bu modellerden yararlaniimaktadir (Ozsahin, 2016). USLE (Universal Soil
Loss Equation) ailesine ait ampirik modeller gerek diinyada (Borrelli vd., 2020) gerekse Tirkiye'de (Ozsahin
vd., 2019) yaygin olarak uygulanan toprak erozyonu tahmin modellerindendir (Ozsahin, 2014; Ozsahin, 2016;
Ozsahin vd., 2018; Ozsahin, 2024). Bu model ailesine ait RUSLE (Revised Universal Soil Loss Equation) az
bir veriyle pratik bir sekilde hesaplama yapabilmesinden dolay! daha fazla tercih edilmektedir. Ozellikle son
yillarda, yerbilimciler arasinda USLE ailesine ait erozyon modelleri kullanilarak baraj havzalarinda siltasyon,
sediment verimi ve toprak erozyonu tahminine yonelik galismalar artmistir (Snyder vd., 2004; Dutta, 2016).
Sadece Web of Science veritabaninda RUSLE modelini konu alan 2437 calisma mevcut olup bu ¢alismalarin
1235 tanesi (%50.7) son 5 yila aittir. Baraj havzalarinda RUSLE modelini konu alan ¢alismalarin sayisi ise 129
olup bu galigsmalarin 77’si (%59.7) son 5 yil iginde yapilmigtir. Ornegin; Thiet vd., 2012, Lazzari vd., 2015, Luo
vd., 2019, Bhatti vd., 2021, Kifelew vd., 2022 ve Mahmood vd., 2023 yaptiklari galismalarda baraj havzalarinda
RUSLE modeli kullanarak toprak erozyonu tahminleri yapmiglardir. Ulkemizde baraj havzalarinda RUSLE
modelini kullanarak toprak erozyonu tahmini yapilan galismalara, Figici 2021, Figici ve Soykan, 2022, Atalay
Dutucu ve Mutlu 2022, Ozsahin, 2023; Ozsahin, 2024, érnek olarak verilebilir. Bu ¢alismalar sonucunda
rezervuarlarin siltasyon yonetimi, strdurtlebilirligi ve tasarim dmrinin uzatilmasi igin énemli veriler elde
edilebilir (Miranda vd., 2021).

inceleme alani ile ilgili literatiir incelendiginde erozyonu konu alan bir ¢alisma tespit edilmemistir. Daha
cok gol alanindaki degisimler (Kale ve Acarli, 2019a; Kale ve Acarli, 2019b; ligar, 2010), meteorolojik ve
hidrolojik kurakhga bagh degisimler (Ozelkan ve Karaman, 2018; Ozelkan, 2019), gél batimetrisinin
belirlenmesi (Oztlrk, 2022), ekolojik risk (Fural vd., 2021), sirdirilebilirlik (Toptepe, 2011), gevresel ve
ekonomik etkiler (Koca, 2005) basliklari incelemeye konu olmustur.

Bu calisma, Turkiye’nin kuzeybatisinda Canakkale ili sinirlarinda yer alan Atikhisar baraji havzasinin
toprak erozyonunu kontrol eden parametrelerinin degerlendiriimesi, toprak erozyon miktarinin tahminini ve
haritalanmasini amaglamaktadir. Bu amaca ulasilabilmesi icin RUSLE (Revised Universal Soil Loss Equation)
yontemi tercih edilmistir.

1.1.inceleme Alaninin Konumu ve Genel Ozellikleri

Atikhisar baraji havzasi Turkiye’'nin kuzeybatisinda, Marmara bélgesinin batisinda, Canakkale ili sinirlar
icinde kalmaktadir. Baraj Canakkale bogazina dokullen Sarigay Uzerine kurulmus olup, havza 336.3 km2
yuzdlgimune sahiptir. Baraja ait 6zellikler Tablo 1°’de verilmigtir.
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Sekil 1. Atikhisar Baraji Havzasinin YUlkselti Basamaklari Haritasi

Tablo 1. Atikhisar barajinin ézellikleri

Yagis Havzasi Mlmm.um .Su Minimum Su S.eVIyesdeKI Aktif Hacim | Riisubat Durumu
Seviyesi Hacim
337 38 (m) 3.90 hm?3 55.70 hm3 250 m3/km?/yil

*D.S.I. Atikhisar Baraji Planlama Raporu (1967).

Havzada gogunlukla Neojen’e ait volkanik kayaglar yaygindir. Andezit, dasit, tuf, aglomera yaygin kayag
turleridir. Havzanin giineyinde ise Permiyen — Triyas’a ait metamorfik kayaclar gézlenmektedir.

inceleme alaninda Akdeniz iklimi ile Karadeniz iklimi arasinda kalan gegis iklimi hakimdir. inceleme alani
icinde meteoroloji istasyonu yoktur. inceleme alanina en yakin meteoroloji istasyonu olan Canakkale
rasatlarina gore yillik ortalama sicaklik 15.2 °C, yillik toplam yagis ise 623.2 mm’dir. Sicaklik ortalamasi yilin
higbir déneminde 0 °C’nin altina diigmemektedir. inceleme alaninda en sicak ay ortalamasi 25.2 °C ile temmuz,
en soguk ay ortalamasi 6.3 °C ile ocak ayidir. inceleme alaninda en fazla ortalama yagis 106 mm ile aralik
ayinda, en az ortalama yagis 10.7 mm ile agustos ayinda meydana gelir.

Calisma alanini sularini GCanakkale bodazina akitan Saricay ve kollari olusturmaktadir. Havzada
dandritik drenaj yaygindir. Drenaj agi, kuzey, dodu ve gineyden kollar ile Atikhisar barajini beslemektedir.

Atikhisar baraji havzasinin belirgin bir geometrisi yoktur. Havzada ytikselti, baraj su seviyesi olan 60 m
ile 934 m (Ag1 Dagi) arasinda degismektedir (Sekil 1). Havzanin ortalama ytukseltisi 365 metredir. Sahada egim
degerleri genelde ylksektir. Ortalama edim 15° olarak hesaplanmistir. Havzayi olusturan Sarigay ve kollari,
genel anlamda bati — kuzeybati yoninde akis gdstermektedir. Kuzeybati bakil araziler %13.5 ile en ¢ok paya
sahiptir. Sonrasinda ise %13.1 ile kuzey, %12.6 ile bati bakisi gelmektedir. Diger bakilarin paylari ise hemen
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hemen birbirine esit olup, %11.8 ile %12.0 arasinda degismektedir. inceleme alaninda hakim ana yersekli ise
platolar ve yamaglardir. Akarsular sahayi dar ve derin sekilde pargalamistir. Su bélimu ¢izgisi Gzerinde ise
yukseltisi 800 metreyi asan tepeler ve daglar bulunmaktadir.

Havzanin genelinde kiregsiz kahverengi orman topraklari hakimdir. Kahverengi orman topraklari ise
sahanin batisinda dar bir alanda gdrtlmektedir.

inceleme alaninin genelinde igne yaprakli (%28.4), karisik (%24.5) ve genis yaprakli (%5.2) ormanlar
gorilmektedir. Cali formundaki bitkiler ise havzanin %16.9’unu kaplamaktadir.

Atikhisar baraji havzasinda Kirazli nahiyesi ve g¢ogunlukla koyler seklinde kirsal yerlesmeler
bulunmaktadir. Sahada toplam 17 adet kirsal yerlesme mevcuttur. 15 kirsal yerlesme Canakkale ilgesinde,
Lapseki ve Bayramig ilgelerinde ise birer kirsal yerlesme bulunmaktadir. Havzada 2024 yili verilerine gére 1500
kisi yagsamaktadir. Nufusun ¢cogunlugu tarim ve ormancilik faaliyetleri ile ilgilenmektedir. Yer yer madencilik
faaliyetleri de yapiimaktadir.

2. Materyal ve Yéntem

inceleme alaninda potansiyel erozyon duyarlilik alanlarinin belirlenmesi ve bu alanlarin siniflandiriimasi
icin, ABD Tarim Bakanhgdi Toprak BolimuU tarafindan gelistiriimis “Dizenlenmis Evrensel Toprak Kaybi
Denklemi” (Revised Universal Soil Loss Equation: RUSLE) tercih edilmistir. RUSLE yéntemi yagis faktori (R),
toprak faktord (K), egim diklik ve egim uzunlugu faktoéra (LS), arazi kullanimi faktéri (C) ve erozyon Onleyici
faktorler (P) olmak lGzere bes parametreden olusmaktadir (Wischmeier ve Smith, 1978; Renard vd., 1991; Lane
vd., 1992; Renard vd., 1997; Nearing vd., 2017; Atalay ve Cirebal, 2018).

RUSLE formill asagidaki parametrelerden olusur:

A=R*K*LS*C*P

A=Yillik Ortalama Toprak Kaybi (ton/ha/yil)

R=Yagis Erozyon Faktori

K= Toprak Erozyon Faktori

LS= Egim Uzunluk ve Egim Diklik Faktori

C=Arazi Kullanimi Faktori

P=Erozyon Onleyici Faktérler

RUSLE ybnteminin uygulanma asamasinda havzanin 1/25.000 o6lgekli topografya haritalari
sayisallastinlarak analiz icin gerekli yikselti (esylkselti egrileri), akarsu vb., gibi althk veriler Gretilmistir. Arazi
kullanimi 6zellikleri icin CORINE ve uydu gorintileri kullaniimistir. Toprak ozellikleri TOPRAKSU Genel
Mudarliga tarafindan 1978 yilinda hazirlanan envantere gore diizenlenmistir. Tim veriler Sekil 2’ deki semaya
uygun olarak iglenmisgtir.

Yagis erozif faktérii haritasi Canakkale Meteoroloji istasyonu (6 m) verileri (1929-2024) kullanilarak
hazirlanmigtir. Bu veriler Microsoft Office Excel programi kullanilarak iglenmistir. inceleme alaninda 0 - 934
m’ler arasinda degisen yukselti farki nedeniyle disen yagis miktari ve dagilisini hesaplamak amaciyla
Schreiber tarafindan geligtirilen yagisin her 100 m’de 54 mm artacagd varsayimina dayanan formdl
kullaniimigtir (Schreiber, 1904).

Formil: Ph=Po + 4.5xh

Ph= Ortalama yagis miktari (mm)

Po= Verileri bilinen noktanin ortalama aylik yagis miktari (mm)

~
RUSLE
Erozyon Analizi
»
Toprak [ Yamag Uzunlugu 4 l
Yagis Erozif (R L
ag::sak:cf;:::' (R Agsinabilirlik (K) Yamag Dikligi (LS) AranFOkrt_l-JsP (@ Erozyon On-l-ey|c| P)
Faktérii L Faktorii y aktoru Faktor
4 N
Toprak Erozyonu
(ton/ha/wyil)
. J

Sekil 2. RUSLE Ydntemi islem Akis Semasi

RUSLE esitliginde yagislarin toplam kinetik enerjileri ile 30 dakikalik maksimum yogunluklarinin carpimi
sonucu elde edilen deger (E.I= Erozyon Indexsi) toprak erozyonunun hesaplanmasinda énemli bir rol
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oynamaktadir (Wischmeier ve Smith, 1978). Bu calismada E. | dederini bulmak amaciyla gelistirilmis olan
Modified Fournier Index (MFI) (Arnoldous, 1980) formali kullaniimigtir.

MFI formuli:

MFI=5 (i=1)M2:( [pi] ~2/P)

Pi: aylik ortalama yagis (mm)

P: yilhk ortalama yagis (mm)

Yagis Erozif Faktori Formdld (R Faktor): (4.17 * MFI) — 152

Yagis Erozif Faktori (R Faktor) degerleri hesaplandiktan sonra Sayisal Yikselti Modeli (SYM)'ne
enterpole edilerek haritalanmistir.

Kdéy Hizmetleri Genel Midurligi tarafindan hazirlanmis olan 1/25.000 6lgekli toprak haritalari revize
edilerek, inceleme alaninin toprak tirleri belirlenmistir. Toprak erozyon faktorli haritasinin hazirlanma
asamasinda gerekli olan K faktor degerleri ise Tirkiye genelinde yapilmis ve Canakkale ilinden érneklenmis
veriler (Dogan vd., 2000) dikkate alinarak olusturulmustur. K faktor degerleri 6znitelik tablosuna islendikten
sonra 10 m * 10 m hicre (raster) seklinde haritalara donusturilmustar.

LS faktoérini hesaplamak amaciyla birgok formal kullaniimaktadir (Millward ve Mersey, 1999; Moore ve
Wilson, 1992; Cirebal ve Ekinci, 2006; Efe vd., 2008a, Efe vd., 2008b; Pandey vd., 2009; Gaubi vd., 2017;
Zeng, vd., 2017). Bu ¢alismada, LS faktoru haritasinin olusturulmasi igin (Moore ve Burch, 1986a; Moore ve
Burch, 1986b) ve (Mitasova vd., 1996) tarafindan geligtirilen formul kullaniimigtir. Egim uzunluk (L) ve egim
diklik (S) haritasi sayisal yikselti modeline 6zel formuller uygulanarak elde edilmistir (Desmet ve Govers, 1996;
Mitasova vd., 1996). Oncelikle SYM kullanilarak Mekansal Analiz (Spatial Analyst) araci kullanilarak, ylizey
(Surface) menUsu altinda yer alan egim (Slope) analizi ile egim haritasi derece olarak uretilmistir. Daha sonra
egim haritasi kullanilarak hidroloji (Hydrology) menisi altindaki akis yoni (Flow Direction) analizi ile akis yonu
haritasi olusturulmustur. Akis yonu haritasi ile ayni meni altindaki akis toplami (Flow Accumulation) analizi
kullanilarak akis toplami haritasi tretilmistir. Son asamada ise mekansal analiz aracinin altindaki Map Algebra
aracl ile asagidaki formul kullanilarak LS Faktor haritasi Gretilmistir.

Formil sOyledir:

(Power ((("FlowAccumulation" * 10)/22.1), 0.4)) * (Power ((Sin (("Slope_Degree" * 0.01745)) / 0.09), 1.4)
*1.4)

Arazi kullanim faktéru haritasi, 2018 yilina ait Corine (Coordination of Information on the Environment -
Cevresel Bilginin Koordinasyonu) verileri (Avrupa Cevre Ajansi, 2018) kullanilarak uretilmistir. Sonrasinda ilgili
literatlr taranarak 6grenilen C Faktor degerleri 6znitelik verisine eklenerek 10*10 grid tabanli haritalara
donustartlmastar.

3. Bulgular
3.1. Yagis Erozyon Faktorii (R Faktor)

Yagis erozif faktoriintin toprak erozyonu Uzerindeki etkisi 6nemlidir. Yagdis miktari, siddeti ve siresi ile
yagmur damlalarinin yere disme agisi, blyukliga ve darbe etkisi toprak erozyonu lzerinde etkilidir. Yagmur
damlaciklari toprak partikillerinin tasinmasina neden olan ylzeysel akisi meydana getirirler. Egim yoninde
kanalize olan bu sular damla garpmasi sonucu kopan toprak partikillerini suyun tasima guicl ile egim
dogrultusunda hareket ettirirler. Bu etkileri belirlemek amaciyla farkli ampirik formuller énerilmistir (Moore,
1979; Rijks, vd., 1998; Wischmeier ve Smith, 1978; Cooley, 1980, Lorito vd., 2004). inceleme alanina ait yagis
verileri Tablo 2’de verilmigtir.
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Sekil 3. Atikhisar Baraji Havzasinin Yagis Erozif (R) Faktor Haritasi

Tablo 2: Canakkale Meteoroloji istasyonu (1929-2024) Aylik Ortalama Yagis Verileri (Yukselti: 6 m)
Meteoroloji Istasyonu

I\_/Ieteoroloji AYLAR Yilhk
Istasyonu o|ls | M| N|M|H|T]|A|E]|E]|K A
Canakkale | 91.4 | 71.6 | 65.7 | 45.0 | 29.7 | 25.6 | 14.4 | 10.7 | 24.5 | 53.8 | 84.8 | 106.0 | 623.2

Tablo 3’ te gosterildigi gibi aylik yagis degerlerinin karesi alinmistir. Yagisin her 100 metrede yillik 54
mm, aylik 4.5 mm (54 mm / 12 ay = 4.5 mm) artacagi varsayimi dikkate alinarak havzadaki en yiksek noktaya
kadar yukselti basamaklari icin ayri ayri yagis ve yagisin karesi hesaplanmigtir.

Tablo 3: Aylik ortalama yagis degerlerinin karelerinin alinmasi islemi

Y“kise" Veriler | O ) M N M H T | A E E K A Ton‘:'a
\({;?r']‘;? 914 | 716 | 657 | 450 | 29.7 | 256 | 14.4 | 107 | 245 | 53.8 | 848 | 106.0 | 623.2
6m Yag'§' 8354. | 5126. | 4316. | 2025. | oo, | 655. | 207. | 114. | 600. | 2894 | 7191. | 11236. | 43603.
1o 6 5 0 ' 4 4 5 3 4 0 0 0
Karesi
106 m \((rf]?r'g 959 | 76,1 | 702 | 495 | 342 | 301|189 | 152 | 290 | 583 | 89.3 | 1105 | 677.2
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Yag'§' 9196. | 5791. | 4928. | 2450. | 1169. | 906. | 357. | 231. | 841. | 3398. | 7974. | 12210. | 49454.
2

Karesi

Aylik yagisin kareleri toplami (43603), toplam yagisa (623.2) bdlindiginde 70.0 MFI degerine
ulasiimistir. MFI degeri (70.0), 4.17 sabit katsayi ile garpilmis ve ¢ikan sonugtan yine sabit bir deger olan 152
ile ¢cikariimistir. Sonug olarak 6 m igin R degeri 140.1 MJ/ha/yil olarak bulunmustur. Bu islem her yukselti
basamagi icin uygulanmis ve her basamak igin ayri ayri R degeri hesaplanmistir. Hesaplanan degerler hiicre
tabanli olarak haritalanmistir (Sekil 3).

3.2. Toprak Direng Faktoru (K Faktor)

Topragin striktiirt, teksturd, tanelerin boyutu, gegirgenligi, su tutma kapasitesi ve profili gibi 6zellikleri
erozyona karsi duyarlilik degerini belirleyen baslica kriterlerdir (Wischmeier vd., 1971; Renard vd., 1997;
Millward ve Mersey, 1999; Mater, 2004; Cirebal ve Ekinci, 2006; Efe vd., 2008a, Efe vd., 2008b; Atalay, 2011,
Atalay vd., 2019). inceleme alaninda kahverengi orman topraklari ve kiregsiz kahverengi orman topraklari
olmak Uzere iki tip toprak tiri mevcuttur (Sekil 4; Tablo 4).

Tablo 4: Atikhisar Baraji Havzasinin K Faktdru Tablosu *

Toprak Tiirii K Degeri (ton/ha)
Kahverengi Orman Topraklar 0.23
Kiregsiz Kahverengi Orman Topraklari 0.30
Yerlesme ve Su Yuzeyleri 0.00

* Tablodaki K degerleri, Turkiye genelinde yapilmis ve Canakkale ilinden érneklenmis veriler (Dogan vd.,
2000) dikkate alinarak olusturulmustur.

26°28'E  26°30E  26°32E  26°34'E  26°36'E  26°38'E  26°40E  26°42E  26°44E  26°46'E  26°48°E .

T T T
26°28'E  26°30'E  26°32'E  26°34'E  26°36'E  26°38'E  26°40'E  26°42'E  26°44'E  26°46'E  26°48'E
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Sekil 4: Atikhisar Baraji Havzasinin Toprak (K) Faktori Haritasi

Arazi Ortiisii/Arazi Kullanimi ve Yénetimi Faktérii (C Faktér)

Yagis, infiltrasyon ve debi arasindaki iligkiyi sekillendirip yagmur damlaciklarinin zemine yaptigi darbe
etkisini belirleyen parametrelerin basinda arazi kullanimi ézellikleri gelmektedir. Arazi kullanimi 6zellikleri ve
zeminin kapalilik derecesi erozyonun siddeti ve boyutlar Gzerinde énemli bir rol oynamaktadir (Cirebal ve
Ekinci, 2006; Atalay ve Curebal, 2018; Mutlu ve Soykan, 2018; Mutlu vd., 2021; Figici ve Soykan 2022; Aykir
ve Figicl, 2022; Ozsahin 2011; Ozsahin vd., 2019; Ozsahin, 2023; Durak, 2024). Yogun bitki értiisi ile kaph
alanlarda yagmur sulan biylk oranda agaglar, calilar ve otsu bitkiler tarafindan tutulur ve dogrudan ytizeysel
akisa gegcemezler. intersepsiyon adi verilen bu olay erozyonu yavaslatan bir etkiye sahiptir.

Atikhisar Baraji Havzasi bitki 6rtlisti agisindan zengindir. Yogun bitki 6rtisi ile kapli ormanlk alanlar
(igne yaprakli, genis yaprakli, karigik ormanlar olmak Uzere) havzanin yarisindan fazlasini kaplamaktadir
(Tablo 5; Sekil 5). Bitki degisim alanlari, Dogal Bitki Ortiis(i ile Birlikte Bulunan Tarim Alanlari, dogal cayirliklar,
karisik tarim alanlari, sulanmayan ekilebilir alanlar, madenler, sklerofil bitki o6rtisu diger arazi kullanim
gruplarini olugsturmaktadir.

26°?0'E 26°?2’E 26°34'E 26°36'E 26°38'E 26°40'E 26°42'E 26°44'E 26°46'E 26°48E

LR e A [ e =
e C_ DN

26°28'E 26°30'E 26°32'E 26°34'E 26°36'E 26°38'E 26°40'E 26°22'E 26""14'E 26""!6‘E 26"4'18'E
Sekil 5: Atikhisar Baraji Havzasinin Arazi Kullanimi (C) Faktor Haritasi
Tablo 5: Atikhisar Baraji Havzasi C Faktori Tablosu*

Arazi Kullanimi Siniflar F ak?é rii (IA(Ir;ig) (?g/::)n
igne Yaprakli Ormanlar 0.002 95.5 28,4
Karigik Ormanlar 0.002 82.5 24,5
Bitki Degisim Alanlari 0.03 56.8 16,9
Dogal Bitki Ortiisi ile Birlikte Bulunan Tarim Alanlari 0.13 40.3 12,0
Dogal Cayirliklar 0.05 28.8 8,6
Genis Yaprakli Ormanlar 0.002 17.4 52
Karigik Tarim Alanlari 0.14 8.2 2,4
Su Kiitleleri 0 3.3 1,0
Sulanmayan Ekilebilir Alanlar 0.3 2.7 0,8
Madenler 0.0 0.3 0,1
Sklerofil Bitki Ortiisii 0.06 0.5 0,1
TOPLAM 336.3 100.0
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* Tablodaki C faktori degerleri Panagos vd., 2015 kullanilarak olusturulmustur.

3.3. Egim Uzunluk ve Egim Diklik (LS Faktorii)

Egim, erozyona etki eden énemli bir topografya faktortdir. E§gim degerleri arttikga erozyonun siddeti ve
boyutlari da artmaktadir. E§im suyun debisi Gzerine etki ederek erozyonun siddetini ve boyutunu dolayli yoldan
etkilemektedir.

26°34'E  26°36'E  26°38E  26°40'E  26°42'E  26°44'E  26°46'E  26°48'E

- T T
26°28'E  26°30'E 26°32'E 26°34'E  26°36'E 26°38'E 2 E  26°42E 26°44'E 26°46'E 26°48'E

Sekil 6: Atikhisar Baraji Havzasinin E§im Haritasi

Atikhisar baraji havzasinin egim 6zellikleri siniflandirilirken erozyon ile ilgili literatir dikkate alinmistir
(Curebal, 2006; Ozsahin, 2011). Egim 6zellikleri havzanin orta ve gliney ¢igirinda belirgin bir artis géstermek
ile birlikte havzanin batisinda ve dogusunda dusiik de@erlere sahiptir. Havzanin 2/3’Gni egimi 6 ile 18 derece
arasinda olan sahalar kaplamaktadir (Sekil 6).

Yapilan analizler sonucunda LS degerinin arttidi alanlar ile egim degerinin yUksek oldugu alanlarin
paralel oldugu gézlemlenmistir. Bu alanlar ayni zamanda asinimin ve erozyon hassasiyetinin de ylksek oldugu
yerlere karsilik gelirken edim ve LS degerinin disik oldugu ova ve vadi tabanlari ise aginim ve erozyon
hassasiyetinin diusuk oldugu sahalardir (Sekil 6; Sekil 7).
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Sekil 7: Atikhisar Baraji Havzasinin LS Faktor Haritasi

3.4. Erozyon Onleyici (P Factor) Faktérler

P faktorl, erozyonu 6nlemek amaciyla kullanilan yontemleri ifade eder (Lane vd., 1992; Renard vd.,
1997). Yiiksek egimli yamaclarda teraslama ve bitki 6rtiisiinin yogunlugunu arttirma kullanilan tekniklere 6rnek
olarak verilebilir. P faktori O ile 1 degerleri arasinda degiskenlik gostermektedir. Deger 0’'a yaklastikga erozyon
duyarhligi azalirken 1’e yaklastikga erozyon duyarlihi@ artmaktadir. Atikhisar baraji havzasinda erozyon
Onleyici faktorlerin erozyonu énlemede etkileri disuktir. Bu nedenle P faktori igin 1 degeri kullanilarak denklem
disi birakilmigtir.

4. Tartigma ve Sonug

Atikhisar baraji havzasinda RUSLE ydntemi kullanilarak yapilan bu c¢alismada, havzadaki erozyon
duyarlilik dereceleri ve yillik tahmini toprak kaybi miktari belirlenmistir. Bes farkli duyarlilik sinifinin ayirt edildigi
calisma sahasinda duyarlilik siniflari, T.C. Orman ve Su isleri Bakanligi, Erozyon ve Céllesme ile Miicadele
Genel Mudurligi tarafindan yayimlanan erozyon ile micadele eylem planlarinda (2013-2017) kullanilan esik
degerleri dikkate alinarak belirlenmistir. Bu degerlere gbre ¢ok hafif duyarli alanlar 104.5 km2 ile havzanin
%31.1’ini, hafif duyarli alanlar 115.2 km2 ile %34.2’sini, orta siddetli duyarli alanlar 16.7 km2 ile %5.0’ini, siddetli
erozyon duyarliligina sahip alanlar 26.4 km2 ile %7.8’ini, gok siddetli duyarliliga sahip alanlar ise 73.5 km? ile
havzanin %21.9'unl olusturmaktadir (Tablo 6, Sekil 8).
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Sekil 8: Atikhisar Baraji Havzasinin RUSLE - Erozyon Duyarlilik Haritasi

Tablo 6: Atikhisar Baraji Havzasi Erozyon Duyarlilik Siniflar*

Erozyon Duyarhlik Siniflan Toprak Kaybr Alan
ton/halyil km? (%)
Cok Hafif 0-1 104.5 31.1
Hafif 1-5 115.2 34.2
Orta Siddetli 5-10 16.7 5.0
Siddetli 10- 20 26.4 7.8
Cok Siddetli 20 < 735 21.9
TOPLAM 336.3 100.0

* Dinamik Erozyon Modeli ve izleme Sistemi (DEMIS) ile belirlenen sonug haritasindaki esik degerleri
kullaniimigtir.

Toprak kayip miktari haritasi (Sekil 8) incelendiginde ¢ok siddetli erozyon hassasiyeti gérilen alanlarin
blyuk oranda bitki ortistinden yoksun giplak kayalik alanlara karsilik geldigi gériimektedir. E§im degerleri
6°'nin Uzerinde olan ve dogal bitki 6rtiisu ortadan kaldirilarak tarim faaliyetinin yaratdldugu kesimler yuksek ve
siddetli erozyon hassasiyetine sahip alanlardir. Havzanin geriye kalan kesimlerinde ise hafif ve orta siddetli
erozyon gézlemlenmektedir (Sekil 8).
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Orman ve Su igleri Bakanhdrnin, Céllesme ve Erozyonla Micadele Genel Midirligu tarafindan
yayinlanan Turkiye Su Erozyon Atlasi’'nda Tirkiye yillik ortalama toprak kaybi 8.24 ton/halyil olarak
hesaplanmistir (Erpul vd., 2018; DEMIS, 2021). Marmara Bolgesi 6lgeginde yapilan bir yiiksek lisans tezinde
1989 - 2017 yillan arasini kapsayan dénem icin yillik ortalama toprak kaybi 12.2 ton/halyil olarak tespit
edilmistir (Ezer, 2015). inceleme alani ve yakin gevresinde bolgesel 6lgekte yapilan calismalar incelendiginde
ise Trakya Yarimadasi’'nda yillik ortama toprak kaybi 5 ton/ha/yil (ikiel vd., 2020); Gelibolu Yarimadasi’nda
yillik ortama toprak kaybi 4.79 ton/ha/yil'dir (Pektezel, 2015). inceleme alaninin yillik ortalama toprak kaybi ise
11.7 ton/hal/yil olarak hesaplanmigtir. Bu deger Marmara Bolgesi igin yapilan arastirmadaki 12.2 ton/halyil
verisi ile értismektedir. Ancak Turkiye ortalamasi olarak hesaplanan 8.24 ton/ha/yil degerinin Gzerindedir.

RUSLE ydntemiyle hazirlanmis bu calismada elde edilen bulgularin baraj rezervuarinda yapilan
batimetrik 6lglimler ile karsilagtiriimasi yontemin gegerliliginin ispati agisindan gerekliliktir. D.S.I. ile yapilan
s6zlu goérismelerde batimetrik dlguimlerin yapildidi ancak saglikli veri Uretilemedigi belirtiimigtir. Batimetrik
Olgimler ile saglama yapildiginda baraj planlamalarinda ve barajlarin ekonomik dmdrlerinin belilenmesinde
ampirik yontemlerin kullanimi ve 6zellikle RUSLE yénteminin tercih edilmesi konusu netlesecektir.

5. Etik Standartlara Uygunluk
a) Yazarlarin katkilan

Calismanin konsepti, tasarimi, analizleri, analizlerin yorumlanmasi, haritalamasi ve yazimi M.D ve i.C
tarafindan yapilmistir.

b) Cikar catismasi
Yazarlar gikar ¢atismasi olmadigini beyan ettiler.
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