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1. INTRODUCTION

Fish trematodes are a group of flatworms that are parasitic to fish. They
belong to the class Trematoda, which is part of the phylum Platyhelminthes.
They are heteroxenous parasites that have a multiple-host life cycle in which
fish frequently serve as an intermediate or paratenic host (Ondrackova et al.
2015). Mollusk serves as the first host while fish is the second intermediate
host for the metacercarial stage of this group of parasites. In the complex life
cycle strategy, the eggs of the trematodes are released into the water through
the feces of infected fish. These eggs hatch into larvae, which are ingested by
the mollusk. The larvae then develop into cercariae, which are released into
the water and can infect fish that come into contact with them. The cercariae
penetrate the skin of the fish and migrate to the internal organs, where they
develop into adult trematodes (Paperna, 1996). Most trematodes are hermaph-
rodite, containing both male and female organs. They are dominant internal
parasites of teleost fishes and the host specificity at the level of fish interme-
diate host is often low (Cribb et al. 2002). Infected small fish can readily be
preyed upon by the definitive hosts of these parasites allowing the competi-
tion of the whole life cycle. The stable habitats in which both the free-living
stages and intermediate hosts are capable of survival also favor this infection
process. The complex multiple host-involved life cycle makes them sensitive
to perturbed environments and this situation affects the level of infections by
trematodes in their intermediate host fishes (Dzikowski et al. 2003).

In Tirkiye, freshwater and marine environments are home to a total of
401 and 561 fish species, respectively, according to Faroese & Pauly (2022).
Fish are a valuable source of food for human consumption. Due to the con-
stant decrease in capture values in natural sources, some species, such as rain-
bow trout Oncorhynchus mykiss, European seabass Dicentrarchus labrax, and
gilthead sea bream Sparus aurata, are now being cultured in either land-based
culture facilities or net cages in lakes and seas to meet the increasing demand.
Ornamental fish trade is another fast-growing industry in Tiirkiye, and either
cultured individuals or imported ones are capturing more and more of the at-
tention of hobbyists (Ozer, 2022).

In the last few decades, researchers have investigated trematode parasites
that infect fish in Tiirkiye. A large number of papers and checklists have been
published on these parasites and their respective hosts in both freshwater and
marine environments (Oktener, 2003, 2005, 2014, Ozer, 2019, 2020, Ozer
& Oztiirk, 2017, Oztiirk & Ozer, 2014). Recently, Ozer (2021) published a
comprehensive book that includes a host-parasite checklist based on all pre-
vious reports in Turkey. This chapter on trematode parasites of fish in Turkey
is based on the data presented in this recent book, which includes individual
publications on each trematode parasite species.
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2. PARASITIC TREMATODE DIVERSITY OF FISHES IN
TURKIYE

According to Ozer (2021), a total of 144 trematode species were report-
ed from all fish species from different environments in Tiirkiye and this was
19% of the whole parasite species reported from fishes in Tiirkiye (Figure 1).
Among reported 144 trematode species, the highest number was from wild
marine fishes (105), followed by wild freshwater fishes, cultured freshwater,
and aquarium fishes (Figure 2).

Nematoda; 63; 8%

Arthropoda; 126;
16%

Cestoda; Microspora; 2; 0%
65: 9%

lida; 15;2%
Acanthocephala;
28:4%

Diger; 35; 5% usca; 3; 0%

Trematoda; ozoa; 1; 0%
144; 19% Protozoa; 78;
10% Euglenozoa; 12; 2%
Metamonada; 4; 1%
Monogenea; 175; Myzozoa; 9; 1%

23%

Figure 1. Total number and percentage of trematode parasites reported from fishes

in Tiirkiye.
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Figure 2. The total number of trematode parasite species reported from marine,
freshwater, and aquarium fishes in Tiirkiye.
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3. ParasitiC TREMATODE diversity of marine fishes

3.1. Wild marine fishes

Parasitic trematode diversity from wild marine fishes inhabiting the sur-
rounding seas of Tiirkiye was very high and the highest number came from
the Aegean Sea (55), followed by the Black Sea, the Sea of Marmara, and the
Mediterranean Sea (Figure 3).
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Figure 3. The number of trematode species reported from wild marine fish species
inhabited the surrounding seas of Tiirkiye.

A very diverse wild marine fishes were reported to be the host for trem-
atode parasites from the surrounding seas of Tiirkiye (Figure 4). The flathead
grey mullet Mugil cephalus occupied 14 trematode species, followed by shore
rockling Gaidropsarus mediterraneus (12), rusty blenny Parablennius san-
guinolentus (9), golden grey mullet Chelon auratus (9) and the rest of fish
species with different number of trematodes (Figure 4).
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Fish species

Figure 4. The number of trematode species infesting the wild marine host fishes in
Tiirkiye

Parasitic trematodes reported from >3 wild marine fishes are illustrated in
Figure 5 and it can be seen that Helicometra fasciata was the most occurred
species infecting a total of 16 marine fish species, followed by Lepocreadium
album (8 fish species), Lecithochirium musculus (6 fish species) and the rest
had host numbers of between 3 and 5 (Figure 5). Other trematode species in-
fecting a lesser number of fish hosts can be seen in Ozer (2021).

-5
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Figure 5. The number of trematode species infecting >3 wild marine fish species in
Tiirkiye

3.2. Cultured marine fishes

Fish culture in marine environments in Tiirkiye is one of the main ac-
tivities of fisheries. Seabass Dicentrarchus labrax and gilt-head sea bream
Sparus aurata are the top cultured species in the Aegean and Black Sea and
their total amounts of culture volumes are among the highest in Europe in the
last decades. In recent years, Rainbow trout Oncorhynchus mykiss has been
produced in the Black Sea during the last couple of years and some promising
results are obtained throughout its culture. Surprisingly, there are no trema-
tode species infecting any of either above-mentioned fish species or some oth-
er alternative ones. This situation may have arisen from the requirement for
more hosts in their complete life cycle and it would be possible to encounter
some trematodes in marine cultured fishes in Tiirkiye in the future.
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4. ParasitlC TREMATODE diversity of freshwater fishes

4.1. Wild freshwater fish

Of the reported 35 trematode species in wild freshwater fishes, rudd Scar-
dinius erythrophthalmus hosted the maximum number of species (12), fol-
lowed by northern pike Esox Lucius (10), common carp Cyprinus carpio (9),
vimba Vimba vimba (8) and white bream Blicca bjoerkna (8) (Figure 6). The
rest of the fish species had a lesser number of trematode species (Figure 6).
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Figure 6. The number of parasitic trematode species infecting the wild freshwater
host fishes in Tiirkiye

Trematode species reported from 4 and more wild freshwater fish host
species in Tiirkiye are presented in Figure 7 and to see the lesser numbers of
trematodes from different fish hosts, Ozer (2021) can be consulted. Diplosto-
mum sp was the most reported parasite from 34 fish host species, however,
Diplostomum parasites allocated to Diplostomum spathaceum were also re-
ported from 11 host species (Figure 7). As can be seen in Figure 7. Thylodel-
phys clavata and Clinostomum complanatum were also the other most report-
ed trematode species in fishes in Tiirkiye. Lesser than 4 host species infecting
parasites can be seen in Ozer (2021).

-7
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Figure 7. The number of trematode species infecting wild freshwater fish species in
Tiirkiye

4.2. Cultured freshwater fish

In Tiirkiye, two commercially significant fish species, namely rainbow
trout Oncorhynchus mykiss is the most intensively cultured species, and, com-
mon carp Cyprinus carpio is the other species cultured extensively. Thus far,
only 2 trematode species, Crepidostomum farionis and a Diplostomum para-
site not been assigned to a species, have been reported from O. mykiss (Ozer,
2021).

5. PARASITIC TREMATODE DIVERSITY OF AQUARIUM
FISHES

Ornamental fishes and aquarium fisheries are among the most popular
sectors for hobbyists worldwide. Of the 32 ornamental fish species in Tiirki-
ye, a total of only 4 species, namely Carassius auratus, Poecilia sphenops,
Xiphophorus hellerii, Pangasius pangasius, have been reported to be the host
for trematode parasites (Ozer, 2021). A member of Centrocestus not has been
identified to species level has been reported from 3 host species while a mem-
ber of Transversotrema was reported from only one host fish species (Ozer,
2021).
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6. PARASITIC TREMATODE INVESTIGATIONS ON
FISHES IN TURKIYE AND RECOMMENDATIONS

This chapter about previously reported trematode parasites in wild and
cultured host fishes in marine, freshwater, and aquariums in Tiirkiye provid-
ed up-to-date data based on the recent comprehensive work by Ozer (2021).
Trematode parasites of fishes are the second most specious group with 19%
after monogenean parasites in Tiirkiye. Of the reported 144 trematode species,
wild marine individuals dominated with 105 species and followed by another
wild fishes in freshwater environments. The total 55 wild marine and 32 wild
freshwater fish species reported to be the host for trematodes is very low when
considering the reported 561 marine and 401 freshwater fish species in Tiir-
kiye by Froese & Pauly (2022). Thus, it is not known what the actual number
of trematode species infecting host fishes in both surrounding seas and inland
waters of Tiirkiye. In the future, however, more studies on trematode parasites
of fishes will yield more results contributing to our current knowledge on this
more host involving complex life cycle group of parasites.



10 - Ahmet OZER

References

Cribb, T.H., Chisholm, L.A., Bray, R.A. (2002). Diversity in the Monogenea and Di-
genea: does lifestyle matter? Int J Parasitol. 32: 321-8.

Dzikowski, R., Paperna, 1., Diamant, A. (2003). Use of fish parasite species richness
indices in analyzing anthropogenically impacted coastal marine ecosystems.
Helgol Mar Res, 57: 220-227.

Froese, R., & Pauly, D. (2022). FishBase. World Wide Web electronic publication.
www.fishbase.org, version (02/2022).

Ondrackova, M., Hudcova, 1., Davidova, M., Adamek, Z., Kasny, M., Jurajda, P.
(2015). Non-native gobies facilitate the transmission of Bucephalus polymor-
phus (Trematoda). Parasites & Vectors, 8: 382

Oktener, A. (2003). Checklist of metazoon parasites recorded in freshwater fish from
Turkey, Zootaxa, 394: 1-28.

Oktener, A. (2005): A checklist of parasitic helminths reported from sixtyfive species
of marine fish from Turkey including two new records of monogeneans. Zo-
otaxa 1063: 33-52

Oktener, A. (2014). Revision of parasitic helminths reported in freshwater fish from
Turkey with new records. Transylv. Rev. Syst. Ecol. Res. 16: 1-56.

Ozer, A. (2019). Invasive, Endemic Localized Fishes and Their Parasites, 177 pp,
Ideal Kiiltiir Yaymcilik (In Turkish)

Ozer, A. (2020). Marine Fishes and Parasites. 1deal Kiiltiir Yayincilik, 280 pp, (In
Turkish)

Ozer, A. (2021). Checklist of Marine Freshwater and Aquarium Fish in Turkey. Turk-
ish Marine Research Foundation (TUDAV), 311 pp, Publication No: 62.

Ozer, A. (2022). Parasite Biodiversity of Marine, Freshwater and Aquarium Fishes
in Turkey. (Editors; Akar, T., Dasdemir, 1., Cengizler, 1.), Current Research in
Agriculture, Forestry and Aquaculture, Gece Kitapligi, pp. 127-143.

Ozer, A., & Oztiirk T. (2017). Parasite Diversity of the Black Sea Fishes in Turkish
Coastal Areas. (Eds: Sezgin, M., Bat, L., Urkmez, D., Aricy, E., Oztiirk, B.), In:
Black Sea Marine Environment, The Turkish Shelf, Turkish Marine Research
Foundation (TUDAV) Publication No: 46, pp. 289-309.

Paperna, 1. (1996). Parasites, infections and diseases of fishes in Africa - An update
CIFA Technical Paper. No.31. Rome, FAO. 220 p.



~

II lll lll III ll
VY | , "y | ‘
I“' 'v/'V' "y |

vy Ty?

C’W}

MACHINE LEARNING APPLICATIONS
IN SOIL QUALITY ASSESSMENT: A
REVIEW.

Nursag¢ Serda KAYA!
Salih DEMIRKAYA?

1 Ondokuz Mayis University, Faculty of Agriculture, Department of Soil Science and Plant Nutri-
tion Orchid No: 0000-0001-9814-5651
2 Ondokuz Mayis University, Faculty of Agriculture, Department of Soil Science and Plant Nutri-
tion Orchid No: 0000-0002-7374-0160



12 - Nursag Serda KAYA, Salih DEMIRKAYA

Introduction

With the increase in the world population, overuse of
natural resources and the resulting increase in demand for food
have made it inevitable to encounter problems such as climate
change, deforestation and land degradation (Mouél and Forslund
2017). Systems’ productivity capacity and the future of humanity
is in big danger because of using the soil which is a non-
renewable natural source to meet human needs (Costanza and
Daly 1992).

The sustainability of the agricultural systems has become
an international debate. For this reason, understanding and
developing soil quality is a major step for considering these
global issues (Lal, 2011). The sustainability of soil productivity
functions, which is a crucial phenomenon for terrestrial
ecosystems, is mostly related with understanding and
monitoring the quality of soil properly. Organic matter,
microbial activities, land use changes (Carter, 2002) and
agricultural activities are so sensitive to any negative affect in soil
functions (Emadi et al., 2009). In addition to this, soil properties
are related to each other, but different agricultural management
practices may cause different responses of soil in terms of
productivity and quality (Raiesi, 2017).

Soil is a live, nonrenewable and natural resource for both
human, plant, and animal life (Doran and Zeiss, 2000). By
increasing world population, to get maximum yield from the per
unit area has become a crucial factor for food security (Doran,
2002). In developing countries, towards economic development,
lands are used inappropriately, so soil quality has become a
serious issue as a result of this (Arshad and Martin, 2002).
Increasing the amount of the land can be considered as a good
idea for overcoming these problems, but, instead, focusing to
heal the quality of soils is a better option (Rasheed et al., 1996;
Yemefack et al., 2006).



International Research and Reviews in Agriculture, Forestry and Aquaculture Sciences

Soil quality is expressed as sustainability of crop and
animal production, providing an appropriate life area for human
health and increasing the water and air quality in a soil where the
natural and running ecosystem exists by the United States
Department of Agriculture (USDA).Its crucial to assess the
topsoil (0-20 cm) in terms of management applications because
it represents the soil dynamic features (Karlen et al., 2003).

For sustainable agricultural management, it’s crucial to
determine the soil quality parameters. It’s impossible to assess
the quality of soil using all parameters, that’s why choosing the
best parameter in assessing the soil quality is important and
needs to be studied carefully. For this reason, SQI (Soil Quality
Index) assessment has become a critical approach to assess the
quality of soil because having the flexible and basic use when
assessing with different soil quality parameters (Fernandes et al.,
2011; Larson and Pierce, 1994; Li et al., 2013; Liu et al., 2014;
Lima et al., 2013; Marzaioli et al., 2010; Qi et al., 2009). When
assessing the SQI, first the dataset is created, then diverse soil
quality parameters are defined at different numerical scales and
scoring functions wused to normalize the data. After
normalization  processes, non-dimensional soil quality
parameters are combined to be calculated through the different
arithmetical operations (Andrews et al., 2002).

The SQI equation (Eq. 1) is presented below:

SQI = Y Wi X; (1)
where, SQI defines soil quality index, W; is weighting of criterion
i and X; is sub-criteria value.

Thanks to developed technologic tools and software,
comprehensive data analyses and forecasting forward looking
have reached promising points. Especially in forecasting the soil
quality, different machine learning models has become popular
as random forest, support vector machine and linear regression
(Kovacevic et al., 2010).

- 13
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As an artificial intelligence subset, in machine learning
diverse calculating methods are used to take out the knowledge.
Learning data from computers and increasing the performance
in obvious tasks without needing any open programming is the
basis of machine learning. It's important to note that the
accuracy of soil quality prediction mostly depends on the
amount and the quality of the data and also comprehensive
confirmation of the models to provide the reliability and
applicability in the varied soil and environmental conditions.
Besides, machine learning has the capability of fulfilling many
complex problems such as computer games, natural language
processing, handwriting robotics and brain-machine interface.
In this chapter, general definitions of the machine learning
applications used in predicting the soil quality index were given.
1. General Descriptions for the Machine Learning
Applications
1.1. Linear Regression (LR)

Linear regression analysis aims to predict associating a
specific variable with another specific variable. This analysis
defines the prediction of a variable with the other certain
variable with simple linear regression. In multiple linear
regression, a certain variable is predicted using more than one
variable. In these models the effect of independent variables is
examined and the relationship between variables is represented
by regression coefficients. The high R* values shows that the
model is successful. But just because the model is statistically
understandable doesn’t express the causality relationship. In this
analysis, it's important the variables have the normal distribution
and take into consideration the extreme values.

1.2. Multiple Linear Regression (MLR)

In forecasting the dependent variable, linear regression
statistical approach is used based on independent variables and
its basic aim is to define the relationship between the predicted
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output and independent variables. Because its simple use,
suitable calculation and basic interpretation, MLR is used for the
soil science practices (de Silva Chagas et al., 2016). To solve the
problems between the diverse parameters related with linear
relationships MLR is used which is the most conventional
regression analyze.

The model used for the MLR is (Eq. 2):

y = Bot+ Pix1+ Boxot ... Bix; (2)
where y is the dependent variable, S, is the regression constant, f3; is
the coefficient of the independent variable, and x; is the independent
variable.

1.3. Random Forest (RF)

Random Forest is a statistical method which is defined as
the community of tree species. It has become a generalized
version of the bagging method with the addition of randomness
specialization (Breiman, 2001).

Instead of separating each loop using the best branch, use
the randomly selected in every loop and separate each loop to
the branches. Fach dataset is iteratively generated from the
primary dataset. Subsequently, trees are constructed through the
utilization of randomly selected features. Notably, these
constructed trees remain unpruned, as suggested by Archer
(2008) and Breiman (2001). This particular approach contributes
to the distinctive accuracy of the random forest model. The
strength of random forest lies in its rapidity, resilience against
overfitting, and flexibility to operate with an extensive number of
trees if necessary.

1.4. Support Vector Machine (SVM)

SVM is a supervised classification algorithm based on
statistical ensemble model theory. Firstly, SVM basis
mathematical algorithms were used for the binary classification,
later, SVM was generalized for the multiclass nonlinear data
classification.

- 15
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In SVM, it is well known that a hyper-plane separates the
two classes from each other, in other words, prediction of the
most convenient decision function in separating the two
different classes from each other is the principal of SVM
(Vapnik, 1995; Vapnik, 1999). SVM, generally aims to find a
hyper-plane which minimizes the distance between the closest
points are called support vectors belonging to these two classes
through many possible hyper-planes.

1.4.1. SVM for Linearly Separated Data

If training set accepted as with k samples as {x;, yi}, i=1,....k
in a classification problem which can be separated as linear, the
equations belonging to hyper-plane can be showed as in the
below section:
w.x;+b>+1fory=+1 (3)
w.x;+b<+1fory=-1 (4)
where x € R" is a N-dimension space, y € {-1, +1} is a class label,
w is weight vector (normalized hyper-plane), and b is a trend
value.

Expression of w should be minimized to maximize the
boundary of the optimum hyper-plane. In this case, solving the
limited optimization problem as given below is required to
determine the convenient hyper-plane:

1
min | |?] (5)
Limitations related to this are expressed as (Vapnik, 1995):
y;w.x;+b) —1=0and ye{+1,—-1} (6)

This optimization problem is solved using the Lagrange
equations. After this operation the equation in the given below is
obtained:

L(w,b,a) =2 ||w||* = 2K ay,(w.x; + b) + T, a (7)

As a result, a decision equation for the binary
classification which can be separated as linear can be expressed
as given below (Osuna et al., 1997):
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f(x) = sign(Xiy 2yi(x. x;) + b) (8)
1.4.2. SVM for Nonlinearly Separated Data

Its impossible to separate the data in most of the
problems as it happens classifying the satellite images. In this
case, the problem caused by some part of the training set staying
out of the hyper-plane is solved by define a variable (¢,). The
balance between maximizing the limit and minimizing the
wrong classification mistakes can be controlled by the edit
parameter expressed as C and taking positive values (0 < C < ).
Optimization problem which is used as edit parameter and
artificial variable can be expressed as:

2
min @ +C.Y_ & 9)
The limitations related to this can be expressed as:
yw.ox)+b)—1=21-¢, (10)

§;=20andi=1,..,N
SVM can make the nonlinear transformations with the
help of kernel function express as K(x,x;) = @(x).¢(x;) and
with this way linearly separation of data in a high dimension can
be allowed. As a result, a decision rule related with solution of
the cannot separated linearly binary data using the kernel
function can be expressed as (Osuna et al., 1997):
f @) = sign(S; ay, (). p(x) + b) (11)
The kernel function will be used for the SVM classification
and determining the optimum parameters belonging to this
function is crucial. The mostly used kernel functions and the
parameters in literature were given in Table 1.

- 17
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Table 1. Basic kernel functions and parameters used in support vector

machines
Kernel . .
) Mathematical Expression Parameter
Function
Polynomial _ a The degree of
Kernel KCey) = ((ey) +1) polynomial (d)
: K(x,y)
N lized
ormatize ((x.y) + 1) The degree of
Polynomial = polynomial (d)
i
Kernel \/((x.x) + l)d((y. y) + 1)d Y
Radial Basis
Polynomial K(x,y) = e~V Ia=xpII? Kernel size (y)
Kernel

1

2 w
Pearson VII [ 2.\/| x — y||2V20@ — 1 ] Pearson width
(PUK) Kernel | | parameters (0, )
o

2. Model Validation

Preparing data and comparing the success of the
prediction models are two basis process of the prediction. After
predict SOI values, determining the success of the different
prediction models can be measured by the mostly used
performance criteria as MAE (Mean Absolute Error), RMSE
(Root Mean Square Error), MSE (Mean Square Error) and R?
(Coefficient of Determination).

This metrics are considered as an important performance
criteria for both artificial neural networks and machine learning
methods. The closer the R? value is to zero, the more
unsuccessful the model is, and the closer the model is to 1, the
more successful the model is.

n o (p. _ 7PN
R? = 2=Bi= 0 (12)
2100 -0y)

RMSE = \/% YN (4 — F)? (13)
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1
MAE =— YL, |A; — F (14)

n R IAY
MSE = M (15)

where P; and O; are the estimated and observed values at site i, respectively;
0; is the mean observed values; 7 is the number of samples; Z; and Z* are the
measures and estimated value.

To assess the predictive capabilities of classification models
such as support vector machine and random forest models,
metrics such as Matthews Correlation Coefficient (MCC),
accuracy rate, precision, recall, and Fl-score are also preferred
(Mahmood et al., 2020; Zhou et al., 2022).

The accuracy rate, assessing correctness by tallying
accurate predictions, stands as the metric for gauging
classification performance. It is formulated as the ratio of correct
predictions to the overall number of samples (k).

—yeee T 0= 1) (16)

i=0

Accuracy (Y,y) =

ksamples

where y; is the predicted value of the i-th sample, Y; is the corresponding true
value and 1(x) is the indicator function (Sokolova et al., 2006).

Precision represents the percentage of true positive cases
among all instances identified as positive. The precision is
defined as:

TP
TP+FP

Precision = (17)

Recall assesses the model’s ability to correctly identify
positive samples within the input variables. It is defined as:
Recall = —= (18)

TP+FN

The Fl-score serves as an indicator that combines both

precision and recall. In situations where the input data is
unbalanced, this metric is considered more reliable than the

aforementioned three indicators. The F1-score is defined as:
Precision.Recall

F1—score = 2.———————— (19)

" Precision+Recall

- 19
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where TP is true positive (positive class is predicted as positive class); FP is
false positive (negative class is predicted as positive class); FN is false positive
(positive class is predicted as negative class).

The Matthews correlation coefficient (MCC), introduced
by Matthews in 1975, is a metric that encompasses both

sensitivity and specificity in assessing the prediction algorithm.
The MCC is defined as:

TP X TN—FP X FN
Mee = J(TP+FN)X(TP+FP)X(TN+FN)x(TN+FP)

(20)

Moreover, for assessing model performance, a confusion
matrix, and the Receiver Operating Characteristic curve (ROC
curve), as introduced by Fawcett (2006), were utilized. The ROC
curve adeptly portrays the correlation between the false-positive
rate (FPR) and the true-positive rate (TPR), graphically
represented from the initial point at (0,0) to the terminal point at
(1,1) on the ROC curve chart.

The confusion matrix compares actual values with the
model’s predicted values, offering insights into the usefulness
and types of errors made by the current classification models.
Specifically, the matrix was generated for two classes, positive
and negative, yielding four potential outcomes: True Positive
(TP), False Positive (FP), True Negative (TN), and False Negative
(FN) (Chawgien and Kiattisin, 2021).

3. Conclusion

The increasing global population and the resulting
demand for food have led to challenges such as climate change,
deforestation, and soil degradation. The use of soil, a non-
renewable resource, poses a threat to the sustainability of
agricultural systems. Soil quality, determined by various
parameters, is crucial for sustainable productivity. The Soil
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Quality Index (SQI) is a critical approach for assessing soil
quality, utilizing different parameters. Machine learning models,
including Linear Regression, Multiple Linear Regression,
Random Forest, and Support Vector Machine, play a key role in
predicting SQI. Validation metrics such as MAE, RMSE, MSE,
and R* are used to evaluate model performance. Classification
models are assessed using metrics like MCC, accuracy rate,
precision, recall, and F1-score, along with the confusion matrix
and ROC curve.
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INTRODUCTION

Nowadays, developed countries pay attention to their nutrition and
choose foods that are suitable for their health. Fish, which has an important
place among these foods, is in the first place because it contains rich protein
and unsaturated fatty acids, meets the main nutritional needs of the body, and
plays a role in metabolic and physiological functions in humans (Kaya et al.,
2004). Aquaculture is the largest animal proteins in the world and as a sector,
it provides continuous input to the world economy (Coteli, 2022).

The aquaculture sector is an important source of economy for our country
and is also very important in terms of animal protein. The World Health Orga-
nization (WHO) recommends especially seafood and fish to combat obesity.
According to per capita fish and seafood consumption data, our country is
behind the undeveloped countries. This situation is of great importance for the
healthy nutrition of people and the development of the sector. In this context,
it is very important to increase consumption by carrying out promotional ac-
tivities and encouraging consumption. In addition, many factors such as un-
conscious and excessive fishing, global warming and environmental pollution
negatively affect fisheries production in the world and in Turkey. Protection
of the seas and inland waters against all kinds of pollution and degradation
should be considered as the first priority while formulating the fishing policy.
In addition, the impo'rtance of aquaculture is increasing every year. Accord-
ing to FAO, aquaculture is the food sector that has developed the most in the
last 10 years. Aquaculture is recognized as an important alternative potential
for today’s future food supply. In this review, developments in the aquaculture
sector in the world and Turkey are described (Arslan and Yildiz, 2021).

As a result of the increasing world population, the efficient and effective
use of available resources is becoming more and more necessary. Food pro-
duction from aquatic ecosystems, which make up three quarters of the world’s
land area, is seen as one of the most important resources. In the last 10 years,
there has been no significant increase in the world’s capture fisheries produc-
tion and it is assumed that sustainable production will not exceed 100 million
tons. On the other hand, there has been a steady increase in aquaculture and
aquaculture production (Cakmak et al., 2011). There are generally two types
of aquaculture production: capture and aquaculture. In recent years, the share
of capture fish in total production has decreased, while aquaculture production
has increased rapidly. The main reason for this is that it is no longer possible
to increase the amount of product that can be obtained from the seas through
fishing (Giin and Kizak, 2019).

Although aquaculture production through capture fisheries has not
shown a significant increase in the world and Turkey in recent years, it has

1
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been determined that there has been a significant increase in aquaculture
production. Aquaculture is the fastest growing food production sector in the
world and continues to grow in almost every region of the world (Subasinghe
et al., 2009). Globally, aquaculture production is growing at an average rate of
8.8% per year, which is the highest among livestock sectors. The People’s Re-
public of China is the world’s largest aquaculture producer and, together with
Asian countries, accounts for approximately 90% of aquaculture production.
According to FAO, developing countries accounted for 59% of aquaculture
since 1970, rising to 90% in 2002. Aquaculture production is estimated to be
85 million tons in 2030 (Tathdil et al., 2009). According to FAO, according
to the amounts of aquaculture and fishing production in 2020, the Asian con-
tinent leads in both fishing and aquaculture in aquaculture production (FAO,
2022; Giin and Kizak, 2019).

AQUACULTURE AND FISHERIES IN THE WORLD

According to the biological developmental stages of aquatic organisms, it
is a field of production and science that has connections with different sectors
that take into account many scientific and economic principles such as the
protection of the natural environment and resources, reducing the fishing pres-
sure on natural stocks, without disturbing the controlled optimal environmen-
tal conditions, ecological structures and water resources balances. Scientific
and technological developments and innovations in applications in the last 50
years have contributed significantly to the development of the sector. Techno-
logical and scientific developments in the last 50 years have contributed great-
ly to the development of the industry (Bostock 2011; Sahinoz et al., 2017).

According to the United Nations, the world population, which is increas-
ing by an average of 78 million per year, will reach 12-13 billion in the 2050s
and the demand for animal products will double in the next 20 years. It is stat-
ed that approximately 20% of your animal protein needs will be met from fish
(FAO, 2022). According to FAO reports in 2010, humans consume 81% of the
world’s seafood production as food. The remainder is used for fish oil, fish
meal and other purposes. With 100 kg of compound feed, chicken yields 20 kg
and salmon 65 kg of edible meat (Sabaut, 2007). This has further increased the
importance of the aquaculture industry. From 1970 to 2015, the average annu-
al growth rate of aquaculture in the world was 1.6%. As a result, the amount
of fish consumed per capita through aquaculture increased 10-fold, from 0.7
kg to 7.8 kg in 2008 (FAO, 2010; Sahinoz et al., 2017).
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Figure 1. World Aquaculture — Fisheries- Production Amount (tons) (FAO, 2022).

The aquaculture sector has shown a significant development in the last 50
years and has an important share in international trade. Fish and fish products
are important for the economy of many countries (FAO,2022).

Table 1. World aquaculture production (tons) (FAO, 2022).

Pearson VII (PUK) Kernel
Years Fisheries  Productive  Total
2016 89.600 76.600 166.200
2017 93.200 79.600 172.800
2018 96.500 82.120 178.620
2019 92.500 81.360 173.860
2020 90.300 87.500 177.800

Covid-19, which has been affecting the whole world since the first months
of 2019, has affected aquaculture production. and has a key position in the
global trade of aquaculture products. It is seen to have a negative impact on
importers and exporters. Recent worldwide, when the data of the years are an-
alyzed, the acceleration in the direction of increase in aquaculture production
has been the same for two years. level of consumer behavior and trade. The
impact on consumer behavior and trade globally is similar with the unprece-
dented COVID-19 pandemic, the global fisheries and aquaculture value chain
has been impacted by as a result of the pandemic. In summary, the pandemic
has affected both the demand and also revealed their vulnerability in terms of

supply.
When we look at the total aquaculture production in the world by years
(Table 2).
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Table 2. World Aquaculture Production by Countries (tons) (FAO, 2022).

COUNTRIES 2016 2017 2018 2019 2020
China 61.605.135 62198086 62207599 62242310 62846808
India 11.495.213 12307666 12668063 13455205 14140699
Indonesia 10.876.369 11711313 12386253 13253701 12151946
Vietnam 6.648.243 7136167 7481039 7871286 8022708
Peru 3.796.978 4157414 7169817 4968902 5770371
Russia 4.759.392 4864504 5108858 5211894 5342456
Abd 5.348.349 5473700 5212754 5290541 4694411
Bangledesh 3.878.324 4134436 4276641 4384219 4503371
Norway 3.359.975 3686996 3843920 3762008 3940977
Japan 3.876.920 3821112 3773800 3762008 3751228
Turkey 585.657 637797 625776 834662 785.822
Other 49.956.110 52608231 53796421 52820072 51817746
World 166.186.665  172.727.422  178.550.941 177.857.045 177.768.543

We can see that overfishing and pollution have led to a decrease in the
species and amount of catch, and even since the 1980s, catches have stabi-
lized. On the other hand, aquaculture production is increasing every year and
it is thought that aquaculture is replacing fishing in the supply of aquaculture
products. In 2020, global aquaculture production was 177.8 million tons, of
which 87.5 million tons (49%) was aquaculture. Of the aquaculture produc-
tion, 33 million tons was obtained from the seas and 54 million tons from
inland waters. China, the largest aquaculture producer, produced 49.6 million
tons in 2020, accounting for 57% of the world total. The largest aquaculture
producer in Continental Europe was Turkey with 785,822 tons in 2020.

FISHERIES AND AQUACULTURE IN TURKEY

Our seas surrounding our country from three sides and numerous rivers,
lakes, ponds Our lakes and reservoirs offer wide opportunities for aquaculture
and aquaculture offers. Compared to other countries, our water resources re-
main relatively clean are available. The biodiversity of our water resources is
also rich.

Institutional organization responsible for the management of our water
resources, education and research institutions and sectoral organizations exist.

There are sufficient number of fishermen, fishing vessels and fishing ves-
sels to fish from our water resources. technology is available in our country. In
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fact, in fisheries, it is even possible to fish outside the country’s waters. hard-
ware is available. The best examples of this are in the Georgian waters of the
Black Sea and Fishing by Turkish fishing vessels in Mauritania. Aquaculture
facility suitable for development for aquaculture production, technology and
human resources are also available in our country. Our country, in its geog-
raphy, The leader in aquaculture in the Middle East, Caucasus and European
Union countries countries.

It is a country that can produce quality production in terms of food safety
and export to various countries of the world, especially Our fishermen and
breeders who can export products to EU countries, processing-evaluation fa-
cilities and manpower. In parallel with the development in aquaculture pro-
duction, aquaculture is important in the export of aquaculture products. devel-
opments have been experienced.

In general terms, three quarters of our exports in recent years aquaculture
products. However, the development of technology and industry, increasing
population and developing needs cause natural resources to be used more,
resources to be worn out and polluted. Our water resources are negatively
affected by industrial and domestic pollution and construction. Fisheries pro-
duction fluctuates from year to year depending on the production of migra-
tory small pelagic species such as anchovy, sprat and sardine. Since catch
estimates of these species cannot be made, production planning cannot be
made. Both pelagic and demersal fish stocks are decreasing due to fishing,
ecological, climatic and pollution pressures and annual production amounts
cannot exceed certain levels according to species. There is no possibility to
increase the fishery production in the sea and inland waters of our country
more than certain levels according to species. The increase in the number of
fishing vessels in our fleet was stopped in 2002, then it showed a constant and
decreasing trend and the number of vessels was reduced with the buy-back
program implemented between 2012-2022.

However, the engine power and volumes of the existing vessels in the
fleet are increasing, the capacities of the fishing gear and technological equip-
ment they use are increasing. The fishing power of our fishing fleet continues
to create fishing pressure on fish stocks mostly in the country’s waters.
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Tablo 3. Aquaculture production of Turkey (tons) (Tutk, 2023).
Year Total Sea Product Aquaculture Indlandwater

2012 644.852 396.327 212.410 36.120
2013 607.515 339.047 233.394 35.074
2014 537.345 266.078 235.133 36.134
2015 672.241 397.731 240.334 34.176
2016 588.715 301.464 253.395 33.856
2017 630.820 322.173 276.502 32.145
2018 628.631 283.955 314.537 30.139
2019 B836.524 431.572 373.356 31.596
020 785.811 331.281 421.411 33.119
0 799.844 295.018 471.686 33.140
0 840.808 301.747 514.805 33.256
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When we evaluate the last 10 years of aquaculture in Turkey, total produc-
tion, which was approximately 645 thousand tons in 2012, was approximately
850 thousand in 2022. The increase in total production was 31%. 35.30% of
the 2022 production is sea fish, 60.57% is aquaculture products and 3.91%
is inland water products. The decrease in the amount of products based on
aquaculture due to overfishing, poaching and the increase in the amount of
products from aquaculture shows that production globally is moving in the
right direction (Table 3)
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Table 4. Aquaculture production in Turkey (tons) (TUIK, 2023)

Year  Fishing Aquaculture Total
2012 432.442 212410 644.852
2013 374.121 233.394 675.15
2014 302.212 235.133 537.345
2015 431.907  240.334 672.241
2016 335.320  253.395 588.715
2017 354.318 276.502 630.820
2018 314.094  314.537 628.631
2019 463.168  373.356 836.524
2020 364.400 421.411 785.811
2021 328.165 471.686 799.851
2022 335003 514 805 849 8038

In the last 10 years, while the amount of fish obtained by fishing has de-
creased by 24.11%, this rate in aquaculture has increased to 54.96%. Aquacul-
ture is carried out in inland waters, rivers, natural lakes, dam lakes, other water
resources and seas. Until 2013, aquaculture production in inland waters was
higher than in the seas, while in 2021, aquaculture production in the seas was
higher than inland waters (Table 4). Quotas imposed on countries, climatic
factors, regulations and bans, and restrictions on tools and equipment have all
contributed to the decline in fisheries. Production of Covid-19 in aquaculture
in Turkey, which continues in 2021.

The effect of the pandemic on the amount of aquaculture products was
in the direction of a decrease in the rate of increase when the previous years
were taken into consideration. During the pandemic, there was a shortage and
even cancelations in seafood trade around the world. Due to this reason, while
a contraction was observed in the exports of aquaculture products in 2021 in
our country, in 2022 has started to increase again.
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Table 5. Aquaculture by provinces (tons) (TUIK, 2023)

PROVINCE 2017 2018 2019 2020 2021
Mugla 99.734 115088 128706 141459 144295
[zmur 67585 75084 85975 99640 111547
Aydin 11351 20523 25779 23571 30238
Elazig 17620 18000 21550 23000 26500
Mersin 2642 2788 17843 19418 26299
Samsun 8277 6666 6341 12569 14721
Trabzon 4207 5541 7702 8315 11040
Sanliutrfa 3920 4000 5025 7004 7658
Antalya 2733 5694 6063 7103 7407
Sinop 1900 3229 5353 6638 6638
Other 56533 57924 63019 72.694 85343
Turkey 276.502 314.537 373356 421.411 471.686

Of the fish produced through aquaculture in the seas, 33% is sea product,
28% is sea bream, 28% is sea bream trout. Fish produced from inland waters
through aquaculture. Trout production accounts for 98.6% of the total. While
36.4% of marine aquaculture production is realized in Mugla, 36.4% of inland
aquaculture production is realized in inland waters. 16.6% of the production
was realized in Elazig. Almost all marine aquaculture production. While all of
them are sea bass and sea bream, only trout is used in inland waters (Table 5).

Table 6. Amount of fish caught in Turkish seas (tons)(TUIK,2023)

Years Mediterranen Western — Eastern
Blacksea Blacksea  Aegean Marmara Toplam

2018 13.811 77.900 157.952 47.676 24.832 322.172
2019 12.726 86.922 89.355 42.612 52.338 283.954
2020 13.802 76.557 270.197 41.216 29.797 431.572
2021 15.336 113.425 136.268 42.106 24.146 331.281
2022 14.922 79.523 149.103 37.076 14 .400 301.747

The most important share in marine fishing is 77 % and the Black Sea
Region. In the last 5 years, the amount of fishing in our seas has decreased,
with the Marmara sea having the lowest share.

Excessive mucilage formation in the Marmara Sea in 2021 due to in-
creased seawater temperature, stagnation and increase in nitrogen-phosphorus
load due to the effect of climate change damaged the aquatic ecosystem. Due
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to its dense structure, mucilage clogged the net eyes, prevented fishing, and
damaged species diversity or biodiversity, especially species that lack mobil-
ity or move very slowly on the bottom. This situation has a negative impact
on aquaculture The reflection on the catch was determined as a 40% decrease
in the amount of catch in the Marmara Sea compared to the previous year
(Anonim 2022).

Table 7. Amount of fish species captured (tons) (Tuik, 2023)

FISH SPECIES 2018 2019 2020 2021 2022
Anchovy 158.094 96452 262544 151598 125980
Sprat 33950 20057 38.078 23.041 11161
Horse Mack. 8.066 14222 13.180 19.590 981
Pilchard 23426 18.854 19.119 5.800 729
Whiting 8248 6.814 8.941 0.380 7690
Blue Fish 1.935 5.767 1.213 5.804 5495
Scad 4919 6.456 6325 4416 3948
Striped Red 2.074 2915 2.342 3.072 1303
Twaite Shad 1.576 1.605 1.965 3.065 3146
Bogue 3.559 2.865 2.599 2.601 2310

Anchovy is the most important species fished from the seas in Turkey and
has a significant impact on fishing statistics in Turkey. Anchovy determines
both the Black Sea productivity and the catch data for Turkey. Catch data.
When analyzed, anchovy, which was 151,598 tons in 2021, decreased to 125
980 tons in 2022. In 2022, the most fished species after anchovy is sprat. Sprat
is among the fish that are not consumed by humans. sprat fish meal is used as
fish feed Table 7).
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Table.8. Consumption ofseafood products

Years 2017 2018 2019 2020 2021

Consumption 514.640:559.932:554.291
572.490|546.737

Per person 5.5 6.1 6.3 6.7 6.5

consumption

(kg)

While fish consumption per person in Turkey was 5.5 kg in 2017, it was
6.5 kg in 2021. The average fish consumption per capita in the world is 16 kg,
while this figure is 22 kg in the European Union.

CONCLUSION

As in the rest of the world, the catchable stock size has been reached in
Turkey and it is not possible to increase production through hunting. The pro-
tection of seas and inland waters from all kinds of pollution and degradation
should be considered as the first priority when formulating fishing policies.
Aquaculture is an indispensable nutrient in a healthy diet. Especially in the
fight against obesity, the World Health Organization(WHO) emphasizes fish
and seafood as a good source of animal protein.

However, when the per capita consumption data are analyzed, it is seen
that the consumption habits of seafood in Turkey are behind even the undevel-
oped countries. In this context, it is necessary to carry out extension activities
to increase consumption. In the world and in Turkey, aquaculture is negatively
affected by many factors such as excessive and unconscious fishing methods,
global warming and environmental pollution.

Aquaculture will play a very important role in the future in meeting the
need for abundant and cheap protein. Worldwide, the amount of aquaculture
products obtained by aquaculture is increasing rapidly. While this increase
is quite high, different species. Concerning the billions of people around the
world whose lives and livelihoods depend on traditional fisheries and aquacul-
ture, the United Nations General Assembly has declared 2022 the Internation-
al Year of Traditional Fisheries and Aquaculture.

- 35
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Introduction

Turkey also made livestock production in the agribusinesses, and there
are many problems related to business buildings and operating conditions.
One of these problems is that agricultural businesses are small family agri-
businesses. Apart from this problem, although animal products have a signif-
icant place in human nutrition, the amount of animal food per capita is lower
than in developed countries. In addition, despite the high animal existence, the
total agricultural production is low. Another significant problems are that the
production per animal is below a certain standard. The business buildings are
not of sufficient size and equipment and can not market the animal products.
Apart from the above-mentioned structural problems in the agribusiness, there
are problems such as the difficulty of accessing technical information by ani-
mal businesses, the inadequacy of modern tools and machines, unwillingness
to cooperate, and inadequate animal improvement activities.

Foodstuffs of animal origin in human life are crucial in balanced nutri-
tion. Annual meat consumption is 39 kg per capita globally, and this value is
around 20 kg in Turkey. These values are 123 kg and 91 kg in developed coun-
tries such as the USA and the EU. The protein value of red meat consumption
should be considered, and this value should be 33 kg. The annual per capita
red meat consumption in the world was 14.5 kg in 2019. While this value is 46
kg in the USA, 26 kg in the EU, it is at a low value such as 8.5 kg in Turkey
(TUIK, 2020). The annual per capita consumption of red meat in Turkey was
8.6 kg in 2019, while this value dropped to 7 kg in 2010. When these values
are compared with the values in the USA and EU countries, there is an animal
protein deficit in Turkey. The amount of milk per capita in Turkey are low
compared with the US and EU countries. The annual per capita consumption
of 12.5 liters of milk, yogurt consumption is 41.1 kg, cheese consumption is
14.2 kg in Turkey (TUIK, 2020). Animal barns were made several mistakes
in planning in Turkey. As a result, animal health and productivity are nega-
tively affected since the functions expected from barns are not fully achieved.
One of the main mistakes made in planning is not considering the region’s
climate conditions. However, increasing animal productivity is achieved by
establishing the most appropriate and economic balance for animals. In our
country, the structuring of building elements and selecting materials are made
in the same way and with the same type of barns, even in climatic regions
that differ from each other. This situation unnecessarily increases the building
cost (Olgun and Ones, 1989). For the barns to fulfill their functions properly,
they must prepare plans by the special conditions of various climatic and ag-
ricultural regions. It can be achieved by examining the barns in the different
areas on-site, examining the detected problems under the light of the basic
principles of barn planning technique, and developing suitable plan types for
other conditions. In this study, the structural conditions and difficulties of the
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barns in the dairy cattle farming businesses of Yenisehir vicinity, which has an
essential place in Bursa region’s dairy cattle farming and which has the feature
of an exemplary vicinity in this regard, were investigated and searched the
possibilities of developing them. In addition, it was aimed to help the prepa-
ration of suitable barn types in a particular agribusiness courtyard layout by
determining the general principles in the planning of the barns planned to be
built in the future in this region.

Materials and Methods

This research was carried out in 1997 to determine the circumstance,
competence, and improvement possibilities of the barns in the farmyard lay-
out of dairy cattle farming businesses in the Bursa-Yenisehir district. For this
purpose, 17 barns in 9 dairy cattle agribusinesses representing the agribusi-
nesses in the district were selected as research materials. There are 2 barns in
one of the established agribusinesses. In the research, 3 different barn types
were examined, and it was determined that 13 of the barns with tied-stall
barns, 3 of them were free-loose barns and 1 of them were free-stall barns.
Yenisehir district, together with its villages, covers an area of 772 km?2. The
Yenisehir plain is 240 m above sea level. Kocasu, which crosses the plain and
mingles with Sakarya, is the lifeblood of the local agriculture. All the climatic
characteristics of the Marmara region are seen in the Yenisehir vicinity. Sum-
mers are generally dry and hot. The rain mainly falls in spring and autumn,
and winters are intermittent with snow. The distribution of precipitation to the
seasons is 184.6 mm in the spring, 74.0 mm in the summer, 174.1 mm in the
autumn and, 271 mm in the winter. The annual average temperature in Bursa
is 14.4 °C. The highest average temperature was 30.9 °C in August, and the
average minimum temperature was 1.7 °C in January (Anonymous, 1997).
The climate data of Bursa province are given in Table 1. To research by its
purpose, paying attention to selecting barns that could represent the district
and the region by obtaining the information of “Yenisehir District Directorate
of Agriculture” and the “Yenisehir Milk Businesses Association”. In the se-
lected agribusinesses, completed the data file of the agribusiness by adding the
measurements, sketches, and photographs made within the agribusiness along
with the previously prepared questionnaires. The building materials used in
the barns were determined, the dimensions related to the interior layout of
the barns were measured and cross-section-details were derived. In addition,
information on ventilation and lighting in the barns was collected. Detailed
information about the problems encountered in practice was obtained by in-
terviewing the owners and workers in the business. The issues in the barns
were tried to be determined by observations. The settlement and direction
status of the barns and utilities in the agribusinesses were evaluated using
the drawn sketch, plan, and examination information. Questionnaire studies,
photographs, sketches, and plans drawn during the examination stage were
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used. In addition, the courtyard layout of the agribusinesses, the location of
the barns and utilities, and the floor plans and details of these structures were
drawn in scale. In the light of the measurement results and the plans drawn in
the research, the barn systems, the arrangement of the stalls in closed barns,
the manger way, the linkage arrangements, urine channels, service, and pas-
sageways, evaluated barn dimensions, building materials, and the dimensions
of the various building elements, and determined problems. It has been inves-
tigated whether they are sufficient in various aspects in free loose and free-
stall barns. According to the conditions of Bursa-Yenisehir district and the
priciples in the literature, appropriate barn plans were prepared for the region
and the most suitable barn types were tried to be determined.

Results

In the study, measurements, sketches, questionnaires, and observations
were made in 17 barns in 9 agribusinesses as research material, and data on
barns in the agribusiness were generated. The main occupation of all agribusi-
nesses was dairy cattle farming.

Tablo 1. 1997 year Bursa province climate data

Meteorological MOUNTS
Data

Ave. Temp. (°C)| 52 6.0 8.0 126 174 21.6 242 239 19.7 154 113 75 144

Ave. High 9.2 105 134 18.7 23.6 280 306 309 269 221 16.7 11.7 202
Temp. (°C)
Ave. Low Temp.| 1.7 2.1 34 70 112 144 16.7 167 133 100 7.0 3.9 9.0
(°0)
Highest Temp. | 23.8 26.1 32.5 36.2 37.0 40.5 413 42,6 40.1 354 31.0 265 426
(°0)
Lowest Temp. |-20.5 -25.7 -87 -42 08 40 83 76 33 -10 -84 -179 -257
(°0)
Ave. Rel. Hum | 76 74 72 70 70 63 59 60 66 72 76 75 69.0
(%)
Highest Rel. 81 80 82 82 82 76 72 75 82 86 85 81 80.0
Humidity (%)
Ave. Precip. 96.5 839 73.0 59.0 52.6 30.2 26.8 17.0 41.7 57.1 753 99.7 713.1
(mm)
Ave Wind 34 33 29 24 20 23 29 28 24 20 23 32 2.7
Velocity (m/s)

Ave. Snowy 31 25 09 02 - - - - - - 0.1 09 7.7
Days
Depth of Snow | 0.8 0.5 0.19 0.1 - - - - - - 033 035 038

Cover
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Water supplied from the city network was used as a water resource in agri-
businesses. The electricity needed in the agribusinesses was provided from the
main transformers, and all agribusinesses benefit from electricity. The barns
were built within the courtyard of the agribusinesses and separately from the
homes, except for 3 agribusinesses within the agribusinesses examined. Most
of the buildings that agribusinesses need were located in the courtyard. An
example of courtyard arrangement was given in Figure 1. The sketch of an
agribusiness where all the structures were collected in a courtyard was giv-
en in Figure 2. When examined the constructional dimensions, arrangement
types, temperature, and relative humidity values in tied-stall barns, differences
emerged compared to the standard values. This situation caused damage to the
building elements of the barn, and the workers and animals in the barn to be
negatively affected. The amount of heat lost from the building elements was
high due to the insufficiency of the materials used for insulation in some barns.
The floor plan and the cross-sectional area of a tied-stall barn were as given in
Figure 3. Ventilation areas and ventilation windows in the barns were given in
Figure 4 and 5. Natural ventilation system has been applied in all of the barns.
Due to the insufficiency of the air inlet and outlet
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Figure 1. An example of the arrangement of a agribusiness courtyard

Figure 2. The sketch of an agribusiness where all the structures are collected in a
courtyard.

o m e e

Figure 3. The floor plan and the cross sectional area of a stall barn

areas required for natural ventilation could not achieve the desired amount
of air exchange the barn. The ventilation areas and windows in the barns ex-
amined were given in Figures 4 and 5. While only 4 of the barns had natural
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lighting systems, the others had natural and artificial lighting systems togeth-
er. Natural lighting was made from windows, translucent plastic covers on the
roof, and air outlet areas. The shortage of the total window area in the 11 barns
examined led to the failure to provide the desired natural lighting. In the arti-
ficial lighting applied in the barns, the distribution of the desired light in the
barn had been reduced due to the insufficiency of the lamps and the fact that
they could not be appropriately placed. The natural lighting and insufficient
lighting systems used in the barns examined were shown in Figures 6 and 7.

Figures 6 and 7. The natural lighting and insufficient lighting systems applied in the
barns where the research was conducted are shown.

The research was carried out in 17 barns in 9 dairy cattle agribusinesses
and it was determined that 13 (76.5%) of the barns had tied-stall barns, 1
(17.6%) free-loose barn and 3 (5.9%) free-stall barns. The number of milk
cows in the barns mainly was between 1-10 heads. The grouping of the barns
according to the number of milch cows was given in Table 2.

Table2. Grouping barns according to the number of milch cows

Groups by the number of dairy cows Number of barns %
1-10 10 58.8
11-20 6 353

21-30 1 59

Total 19 100.0
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Findings of the physical conditions of the barns

Most of the barns in the study were in the east-west direction. The front of
the 12 (70.6%) barns was towards the south. The barn widths varied between
7.0-24.0 meters, and the average was measured as 9.9 meters. The usable
length of the barn floors varied between 12.0-31.0 m. The length of the barn
mostly varied between 13.0-16.0 m. Values for barn floor area dimensions
were given in Table 3.

Table 3. Values for barn floor area dimensions

Barn width Number of % Barn length (m)  Number of %

(mm) barns barns
6-9 11 64.7 13-15 4 23.5
9-12 5 29.0 16-19 1 5.9
12-15 - - 19-22 3 17.6
15-18 - - 22-25 1 5.9
18-21 - - 25-28 3 17.6
21 and upper 1 5.9 28 and upper 5 29.5
Total 17 100 17 100

In only 2 (15.4%) of the stall barns, there had been made stalls by the
rules. Although the others do not had a stall platform, found stall partitions
separating the cattles from each other. The widths of the barns have been mea-
sured between 1.10-1.85 m, and the lengths of the barns between 1.6-2.0 m.
In the barns without stall partitions, animals of 0.80-1.85 m width were tied.
The animals were chained to the stalls. The manger widths of the barns varied
between 0.50-0.70 m and the average were measured 0.63 m. The height of
the mangers from the stall varied between 0.20-0.85 m and their depth be-
tween 0.10-0.45 m. Droppings canal widths of barns were measured between
0.60-1.70 m, and were found to be high. Droppings canal slopes are generally
inadequate and measured between 0-1.5%. It did not find the manger path in
2 barns. In addition, the manger road widths of 0.5-1.7 m were found in the
barns in the partitions connected to the service road. The height of the barns
from the bottom to the ridge piece had been measured between 2.5 and 3.0 m.
The values of barn heights in stall barns were given in Table 4.

Table 4. Barn heights in stall barns

Barn heights Number of barns %
2.0-2.5 2 15.4
2.5-3.0 8 61.5
3.0-3.5 2 15.4
3.5-4.0 1 7.7
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The air volume per cattle in the barns varied between 5.57-29.46 m?, and an
average of 20.89 m® was calculated. It has been calculated that the resting plac-
es of the free-loose barns varied between 128-300 m?, and the areas per cattle
varied between 8.4-30.0 m” It has been observed that the floors of the resting
places of all barns were concrete. While the floor of the promenade of the barns
was concrete in 2 barns, the others had soil. In the free-stall barn, which has 53
stalls along the length of the barn and out from the long side, stall lengths were
measured as 2 m and stall widths as 1.0 m. The width of the service path was
2 m, and cleaned the service path and manger path during milking. In addition,
partitions prepared for milking were allocated behind the stalls and between the
service path and the mangers. The promenade area per cattle has been calculated
as 16.7 m% Except for 7 (41.2%) of the barns examined in the research, there
were no partitions reserved for calves and steers. The group partitions contained
2-7 cattles. The area of the partitions was calculated as 10.35 m? on average. In
the free-stall barn, the style of the arrangement inside the barn was given in Fig-
ure 8. While some of the barns have partitions reserved for birth, no space is left
for sick animals on any agribusiness. The birth and calf partition in a tied-stall
barn was shown in Figure 9.

Figure 8. The style of the arrangement inside the barn in the free stall barn

Figure 9. Birth and calf compartment in a barn

The data on the manger, stall, and manure canal dimensions and service
road widths in the barns were given in Table 5. In addition, the information on
the number of milch cattles, width, length and height, and window and door
dimensions of the barns were given in Table 6. Established ditches silos in the
courtyard for 7 (41.2%) of the business for silage feed storage. Drinkers with a
length of 2.5-20 m and a width of 04-0.8 m were planned in the barns to meet
the water needs of the cattles. It was determined that threw of the manure col-
lected in the barn out of the manure evacuation openings opened on the barn
walls and accumulated during daily cleaning. A manure discharge opening in
a barn was shown in Figure 10.
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Figure 10. Manure discharge opening in a barn

While stone was used as the basic building material in 6 (35.3%) barns,
concrete material was used in 11 (64.7%) barns. The barn floor consisted of
compacted soil in 6 (35.3%) of the barns and concrete poured on stone block-
age in 11 (64.7%) of the barns. It was determined that the walls of 4 (23.5%)
of the barns were made of briquettes material, 7 (41.2%) of the walls of bri-
quette and plaster material, and the walls of 6 (35.3%) of them were made of
brick material. While 9 (64.3%) of the barns had wooden doors, 5 (35.7%)
had doors made of iron or sheet metal. Door widths varied between 1.0-4.0 m,
and heights varied between 2.30-3.10 m. It has been determined that window
widths in barns varied between 0.8-3.0 m and heights varied between 0.45-
0.90 m.

Discussion

Most of the barns surveyed had 1-10 head cattles. There should be cattles
between 20-30 heads (Kaygisiz and Tiimer, 2009). Natural ventilation was
used in all of the barns. Fresh air entered the barn through windows, doors,
manure openings, or windows that opened for some reason. However, the in-
sufficiency of the air intake holes and exit openings required for natural venti-
lation in most barns could not provide the barn’s desired level of air exchange.
Aric et al. (2001) reported that the insulation of the walls was an important
precaution when roof insulation was not sufficient. It is also possible to reduce
the barn volume by reducing door and window areas and building ceilings as
other measures. Large openings for summer ventilation and small openings
for winter ventilation are used as air entry windows (Ekmekyapar, 2001).
Yiiksel et al. (2004) determined that the dimensions of the sections to be used
as air intake holes (0.05x0.75 m and 0.15x0.75 m) are the most appropriate.
These results are consistent with the problems related to natural ventilation
in barns found in previous studies (Avel, 2009; Alkan et al., 2011; Alkan,
2015). While it was determined that sufficient lighting was done in only 4
barns, natural lighting couldn’t be done at a sufficient level due to the small
window area in 9 barns. Alkan (2015) stated that the ratio of the window area
to the barn floor area should be between 1/15-1/20 for the animals in the barn
to benefit from natural light. Yashoglu and Aric1 (2005) specified that should
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use 4-6 W/m? electric bulbs or 1.5-2.0 W/m? fluorescent lamps in the manger
way to provide the required lighting intensity. These results were consistent
with natural and artificial lighting problems in barns found in previous studies
(Ozhan et al., 2009; Alkan et al., 2011; Alkan, 2015; Sirin and Kocaman,
2016; Bilgili and Aybek, 2019). The long side of most of its barns is located
in an east-west direction. The fagade of 12 (70.6%) of the barns opens to the
south. Simsek (1996) and Kayar (2011) indicated the importance of placing
in a north-south direction to benefit from natural lighting in double stall barns.
In addition, in 3 free barns, the direction where the walls are open is the south
direction. Biiyiiktas et al. (2016) and Ugurlu and Sahin (2010) were suitable
for the directions previously reported. While the average width of the mangers
in the barns was 0.63 m, the heights of the mangers varied between 0.20-0.85
m. In the tied-stall barns, the manger path left in front of the wall was at most
1.0 m wide. Arici et al. (2010) previously stated 1.0 m manger path width was
encountered in only 3 (23%) of the stall barns examined. The stall lengths in
the barns varied between 1.5-2.5 m. Yiiksel and Sisman (2015) reported that
the mangers varied between 0.6-0.8 m depending on the structure. The width
of the urinary canal in the barns was measured between 0.35-0.55 m and the
average was calculated as 0.42 m. Usta (2011) and Cayir et al. (2012) stated
that the width of the urinary canal varied between 0.30-0.40 m. However, it
has been reported that these values were taken as 0.45-0.50 m in conditions
where the cleaning was done mechanically. Service road widths in the barns
varied between 0.60-2.00 m, and Biiyiiktas et al. (2016) and Olgun (2011)
are less than the recommended value of 1.5-2.0 m. Free loose stall barns are
suitable for businesses with 60 or more cattle (Anonymous 2016). Service
path widths in the barns varied between 0.60-2.00 m, and Biiyiiktas et al.
(2016) and Olgun (2011) were less than the recommended value of 1.5-2.0
m. Free stall barns are suitable for businesses with 60 or more cattle (Anon-
ymous 2016). The average stall width of free stall barns was 1.00 m, and
the average stall length was calculated as 2.0 m. Olgun (2011) specified that
the optimum stall width was 1.15 m and stall length was 2.15 m. Previous
studies were consistent with the results obtained in the research (Oztiirk et
al., 2007; Aric et al., 2010; Yilmaz and Yardimci, 2014). Newborn calves
were taken into individual calf partitions 2-3 days after birth in case of disease
reinfection. Only 1 of the agribusiness had an calf partition. The area reserved
as a calf partitions in this agribusiness was only wide enough for 4 calves to
coexist. Aricr et al. (2010) stated that usually 50% of dairy cattles should
have been kept in the barns. The milking house must separate a clean and
well-drained part and provide adequate lighting, ventilation, and water. The
window area in the milking place should be 1/10 of the floor area, and it is
appropriate to plan one milking stall for every ten cattles (Arici et al., 2010;
Yiiksel and Sisman, 2015).
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Barn Building Elements

All of the barns had foundations, but the basic wall width was insuffi-
cient. If the width of the foundation wall is taken 0.5-0.6 m, it is possible to
carry the load on the foundation (Alkan, 2015; Giigercin et al., 2017). The
height of 61.5% of the barns varied between 2.5-3.0 m. The distance between
the service road and the ceiling complied with the values recommended in
previous studies. It was essential to plan barn wall heights between 2.0-3.5 m
in tied-stall barns and 2.5-3.0 m in free loose barns to constitute the desired air
volume. Kili¢ et al. (2020) reported that barn height ranges between 2.50-2.75
for warm regions. It has been observed that the widths of single winged doors
in the barns examined are wider than the 1.00-1.25 m dimensions given in
Sirin and Kocaman (2016). The door width recommended for double-wing
doors should be between 1.50-1.65 m (Balaban and Sen, 1988). Door heights
are kept low in some barns. It can suggest that the door heights to be 2.0-2.4
m higher than the barn floor (Goncii and Gokge, 2017; Giiler et al., 2017).
Barn window widths varied between 0.8-3.0 m, window heights 0.45-0.90
m, and the height of the windows from the ground varied between 1.00-1.25
m. The windows could not provide a homogeneous light distribution in the
barn. Ozkiitiik et al. (2007) and Alkan (2015) stated that window widths and
heights should be planned 1.00-1.25 m in size, and the windows in a rectangu-
lar shape, adequate lighting and homogeneous distribution of light in the barn.

Choosing the Suitable Barn Type

The research results showed that the barns could not provide the environ-
mental conditions desired by the animals due to various planning faults and
lack of information. In terms of economic management, planning of dairy cat-
tle barns of 30 heads and above will be appropriate considering factors such
as the economic situation of the business manager, instability in milk prices,
rapid increases in feed prices, high feed loan interest rates, and the obligation
to employ workers. In determining the barn type, environmental conditions,
regional habits, and opportunities to provide building materials are essential.
When these factors are evaluated together, free-stall and free-loose barns are
more suitable than tied-stall barns for the region. Tied-stall barns are not rec-
ommended than the other two barn types due to both the construction cost
and the difficulties in management, considering the region’s environmental
conditions. Although free-loose barns constitute the most suitable barn type
for the region, they are preferred in tied-stall barns due to the habits of those
engaged in animal husbandry in the region. The recommendations made in the
study were consistent with previous studies (Cayl, 2006; Karabacak and
Topak, 2007; Kocaman, 2008; Alkan 2015; Sirin ve Kocaman, 2016; Kurg¢
ve Kocaman, 2016; Kili¢ ve ark., 2020).
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Table 5. Measurements of manger, stall and urinary canal sizes and service road

widths in barns
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Table 6. Measurements of the number of milking cows, width, length and height of

the barns and the dimensions of windows and doors
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Conclusions

This research, in 1997, investigated the structural condition and problems
of dairy cattle farms in the Bursa-Yenisehir district. It was tried to determine
the development possibilities and the selection of dairy cattle barns suitable
for the region. According to the results, various faults have been identified
in the arrangement of the buildings in the business courtyards. Most of the
barns are far from providing suitable environmental conditions and modern
barns required by the animals. It has been determined that the barns planned
as free-loose barn types were not used during the whole production period
due to traditional habits and various inadequacies. The barn capacity suitable
for the region has been determined as 30 heads considering the physical con-
ditions of the agribusinesses and environmental conditions. Free-loose barn
and free-stall barn types are more suitable than tied-stall barns considering the
regional requirements, and these barn types are recommended to be selected
in planning.
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INTRODUCTION

One of the most important natural resources of economic value in the
world is undoubtedly the forest ecosystem. A forest ecosystem is a homoge-
neous piece of forest in terms of the composition, characteristics and interrela-
tionships of the elements that manifest themselves in a specific location. For-
ests play a vital role in maintaining Earth’s biodiversity and mitigating climate
change by sequestering huge amounts of carbon in their vegetation and soil.
In addition, forests regulate rainfall, ensuring essential water resources for
agriculture, industry and drinking water. Forests serve as a significant source
of sustenance, medicine, drinking water, and provide unlimited recreational
and aesthetic benefits for millions of people. They also play a crucial role
in the global economy, emphasizing the need for careful and effective forest
management in today’s context. With the transfer of production processes to
digital platforms in the modern age, making them transparent and tangible,
the importance of forest maintenance and conservation remains as relevant as
ever. Forest roads are vital for facilitating transportation, forest management,
preserving natural resources, preventing forest fires, and afforestation oper-
ations in steep terrain regions (Caligkan, 2013). To ensure successful forest
management and conservation of natural resources, a well-planned, designed,
constructed and maintained forest road system is essential (Caligkan, 2017).
Continuous monitoring of forest road infrastructure and tracking of changes is
critical not just for navigation service quality, but also for public institutions’
service planning. Furthermore, operators carry out the digitization of forest
roads manually, resulting in potential topological errors and inconsistencies
arising from varying levels of digitization experience. There are many ap-
plications for integrating feature extraction from satellite images and aerial
photographs into Geographic Information Systems (GIS). Essential steps in
this integration process include object detection in high-resolution satellite
images, route finding in high-resolution image data, identifying landforms,
and accessing land cover information.

Use of image classification techniques for road extraction has been an
area of study for more than twenty years in spatial data research (Gruen L.
1997, Heipke et al., 1997; Narwade Musande 2014; Kiss et al., 2016). There
are numerous uses for integrating feature extraction from satellite imagery
and aerial photos into Geographic Information Systems (GIS). Key steps in
this integration process consist of high-resolution satellite image object detec-
tion, high-resolution image data route discovery, landform identification, and
access to land cover information.

Image classification techniques have been studied for over two decades in
the field of spatial data research for road extraction (Gruen L. 1997, Heipke et
al. 1997; Narwade Musande 2014; Kiss et al. 2016).Artificial intelligence (Al)
has emerged as a highly researched and developed field in recent years, owing
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to the growing utilization of Al technologies in software and products created
by both academic and industrial scientists and developers. These technologies
have enabled people to lead simpler lives. Machine learning, specifically deep
learning techniques, is frequently employed in Al applications. Cutting-edge
information technologies are essential to support the advancement of forest-
ry. Currently, numerous next-generation information technologies have been
successfully implemented in forestry activities. Deep learning (DL) methods
serve as a typical Al algorithm, and they are widely utilized in multiple indus-
tries, including forestry (Hittave 2015; Afonso et al., 2017; Ye et al. 2019; Ma
et al., 2019; Haque et al., 2020; Yuan et al. 2020; Caliskan et al., 2022a).

This study aims to investigate the detection of forest roads through the
implementation of artificial intelligence and deep learning applications. The
second section outlines the concepts of artificial intelligence, machine learn-
ing, and deep learning. The third segment concentrates on the application of
deep learning methods in the detection of forest roads. Finally, the last section
presents the study’s findings.

ARTIFICIAL INTELLIGENCE AND DEEP LEARNING

Artificial intelligence (Al) aims to equip machines with human-like abil-
ities such as self-learning, reasoning, and logical decision-making (Char-
niak, 1985). The term Al refers to a computer or machine’s ability to perform
high-level logical tasks, which may be unique to humans, such as prob-
lem-solving, understanding, meaning extraction, generalization, or learning
from past experiences (Andrew, 1991). Al technology emerged in the 1950s,
enabling machines to perform certain tasks with human-like skill. Weak Al is
limited to performing only programmed tasks, while strong Al systems can
enhance the original programming through algorithmic calculations and learn
from errors (Andrew, 1991).

Machine learning, which originated in the 1980s and gained widespread
popularity through the use of data mining, utilizes systems capable of gen-
erating simulations based on provided data and parameters. These systems
can make more accurate detections than humans, revealing previously undis-
covered trends and patterns through their self-training capabilities (Ratner,
2000).Deep learning, introduced in the 2010s, operates across multiple layers,
simultaneously performing calculations used in machine learning. It can aid
in identifying parameters that require definition in machine learning, thereby
offering improved evaluations with refined parameters (LeCun et al., 2015).
Machine learning is a subspace of artificial intelligence, and deep learning is
a subspace of machine learning (Figure 1).
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Artificial
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Figure 1. Relationship between Artificial Intelligence, Machine Learning and Deep
Learning (Goodfellow et al., 2016)

A novel technique that bolsters the precision and clarity of artificial intel-
ligence (Al) is Deep Learning. The method, created to emulate how the hu-
man brain retains data, intends to decode the intricate data representation ap-
proach employed by humans in Al research (LeCun et al., 2015). In standard
machine learning algorithms, the training stage requires the calculation of
pre-established human-generated features. In contrast, Deep Learning learns
distinctive features independently of human intervention during the training
phase. Artificial neural networks, which predate deep learning algorithms in
Al and are widely used, have a structured arrangement of layers, comprising
input, hidden, and output layers. In contrast, deep learning entails a notably
intricate configuration with numerous layers, frequently ranging from 5 to 10
or even dozens of layers. The utilization of Graphics Processing Units (GPUs)
in computers enhances the execution of training processes in deep learning
algorithms due to their multi-layered and complex structures (Seker et al.,
2017; Kayaalp et al., 2018; Ari, 2019).Obtaining predictions with the Deep
Learning Algorithm involves a learning process of the relationships between
data, specifically the input and output variables, requiring intensive mathe-
matical operations. Deciding on algorithm parameters, such as layer count,
neuron count, and transfer function type, is crucial for achieving successful
prediction results. Additionally, identifying various features, particularly the
one predicted through Deep Learning and known as the output variable, in
addition to the input variables applied in prediction, constitutes another set of
parameters that impact the predictive efficacy of the network. Various deep
learning architectures have been proposed to achieve high performance rates
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in different situations. Each of these architectures is designed to provide suc-
cessful processes for specific types of circumstances. Deep learning architec-
tures are influenced by the type, structure, and amount of data. The choice of
architecture can significantly impact the performance and efficiency of the
model. It is crucial to consider the input size, the complexity of the task, and
the available resources when selecting an architecture. Additionally, the train-
ing process and optimization techniques are also key factors to achieve the
best results. Many deep learning architectures are currently employed, and the
selection is based on the structure of the issues being tackled. Various deep
learning architectures are utilized to produce outcomes like data classifica-
tion, recognition, detection, and prediction. Convolutional Neural Networks
(CNN), Long Short-Term Memory (LSTM), Restricted Boltzmann Machines
(RBM), Recurrent Neural Networks (RNN), Autoencoders (AE), and Deep
Belief Networks are among the most preferred deep learning architectures.
The selection of the neural network model depends on the problem at hand.
Each architecture has its unique benefits and limitations (Mosavi et al., 2019).
Deep learning studies are used when researchers cannot determine all features
in problem-solving, or when the features cannot be obtained as numerical data
through existing methods, even if all features are determinable. Today, deep
learning is in an advanced state and is one of the most active research areas.

As GIS experience a constant rise in data density, computer-aided sys-
tems for analyzing and storing this data are becoming increasingly necessary.
In GIS, deep learning algorithms serve various purposes such as map draw-
ing over extended periods, adding new roads to maps, and analyzing data.
High-resolution remote sensing for Earth observation has played a vital role
in multiple areas, and one of the primary techniques it has focused on is road
extraction (Samadzadegan et al., 2009).Compared to road extraction in ur-
ban areas, extracting roads in mountainous regions presents more difficulties
due to the presence of tree shadows and topographical complexity. Several
techniques have been proposed to extract roads from remote sensing images.
Recently, the use of deep learning and technology-based applications in for-
estry areas has increased significantly. Recently, the use of deep learning and
technology-based applications in forestry areas has increased significantly.
Nowadays, deep learning is the leading technological advancement in forestry
applications. The advances in image processing and deep learning have im-
pacted research in forestry, with successful detection of forest roads through
deep learning methods.

DEEP LEARNING APPLICATIONS IN FOREST ROADS

Funds are assigned for the upkeep and repair of forest transportation
routes, which are vital channels for navigation within wooded areas. The de-
tection and resolution of road deficiencies, including but not limited to partial
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collapses, potholes, and cracks in these thoroughfares, are essential in curbing
accidents linked to these particular issues. Maintaining roads in good condi-
tion is crucial for safe driving, a responsibility shared by both highway author-
ities and local forest management units. Among the vital tasks for forest roads
is the monitoring of deterioration, which necessitates specialized knowledge.
Over time, improper construction methods during the building phase, pressure
from heavy vehicles, and weather conditions can cause deformations on road
surfaces.

In recent years, deep learning methods have gained importance in various
disciplines that require remote sensing, such as defense, medicine, agricul-
ture and aviation. These methods continue to provide highly successful results
compared to traditional approaches. The main difference between deep learn-
ing and classical image recognition techniques is that deep learning methods
automatically learn features from existing data. As a result, deep learning has
emerged as a widely discussed research topic. Especially in recent years, with
deep learning methods emerging as the dominant trend, various approaches
have been proposed for forest road extraction (Caliskan, 2022a).

Lee et al. (2004) introduced an integrated neural network-based system
for detecting cracks on roads by using digital surface images to classify types
of cracks. Bacher and Mayer (2005) proposed an automated technique for ex-
tracting roads from high-resolution multispectral satellite images. The images
were initially classified into a “road class image” that includes membership
values for each pixel. Wang et al. (2005) discussed road extraction methods
from multispectral images, emphasizing that such methods involve separation
of roads from other ground features based on the spectral characteristics of
individual pixels. Miao et al. (2014) proposed a semi-automatic method to
detect road networks from high-resolution satellite images. Tapan et al. (2015)
sought to identify roads in forested regions automatically using a trained clas-
sification approach on 30 cm resolution infrared digital aerial photos.

Alshehhi et al. (2017) introduced a novel hierarchical graph-based ap-
proach for extracting roads from high-resolution images. Meanwhile, Tian
and co-authors (2017) utilized images captured by vehicle cameras to classify
highways and employed a deep learning with the Faster R-CNN architecture.

Lu et al. (2018) put forth a new method for road detection that adept-
ly extracts road networks by utilizing both local and global information in
conjunction with remote sensing images. Ale et al. (2018) recommended a
procedure for efficiently detecting road damage through the analysis of road
images. They conducted training employing the RetinaNet model on images
obtained from smartphones to discern the presence of road damage, present-
ing an augmented classification rate for road damage detection.

Wang et al. (2018) presented a straightforward and useful model for
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detecting objects in road damage assessment. The authors employed Fast-
er-RCNN and SSD models to detect road damage, achieving favorable out-
comes in various IEEE big data studies.In 2018, Buslaev et al. proposed an ap-
proach for automatic road extraction utilizing an evolutionary neural network.
The dataset comprised 6,226 images with a resolution of 1024x1024 and RGB
input, and was trained using ResNet-34 and U-Net models.

In a 2018 study, Horita et al. proposed an alternative approach for road
marking detection and segmentation. The approach was based on a Fully Con-
volutional Neural Network (FCNN) with an encoder-decoder architecture. In
another study, Zhang et al. suggested a segmentation method using a semantic
segmentation neural network that combines the strengths of U-Net, a convo-
lutional neural network, for extracting roads from aerial images.Hoang (2018)
developed an Al algorithm for identifying damages on asphalt road surfaces.
The algorithm extracts features from digital images using image processing
methods, including a Gaussian filter, directional filter, and integrated projec-
tion.Gao et al. (2019) proposed a deep residual convolutional neural network
(RDRCNN) for the improved detection of road areas. Meanwhile, Singh et
al. (2019) suggested a deep convolutional neural network for extracting roads
from aerial imagery. Their model was trained on the Massachusetts road data-
set, utilizing the U-Net architecture.

Abdollahi et al. (2019) introduced a novel mixed approach for extracting
roads from Unmanned Aerial Vehicles (UAV) imagery. Zhang et al. (2018)
implemented a semantic segmentation model to extract roads from aerial pho-
tographs by merging U-net with three ResBlocks for both contracting and ex-
panding roads.Mandal and et al. (2019) proposed a method for crack detection
and classification in autonomous roads based on deep learning using YOLO
v2, a convolutional neural network method used for object detection.

In a study conducted by Caliskan et al. (2022a), the extraction of forest
road networks from high-resolution orthophoto images using deep learning
was explored. The study utilized four distinct deep learning models, specifi-
cally AlexNet, ResNet-50, InceptionResNet-V2, and U-Net.In a recent study
(Caliskan et al., 2022b), three distinct deep learning architectures using se-
mantic segmentation, including MobileNet-V2, ResNet-18 and Xception,
were assessed for their effectiveness in extracting forest road networks from
high-resolution orthophoto images. The results were analyzed for their accu-
racy and efficiency.

DISCUSSION AND CONCLUSIONS

The study analyzed the efficacy and efficiency of the models.Artificial
intelligence (Al) and deep learning are utilized in forestry to bring an intel-
ligent and data-driven approach to forest management and decision-making
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processes. Deep learning architectures have evolved for various fields, reveal-
ing their versatility. These architectures are believed to become omnipresent
in everyday life, indicating the opening of a pathway to an autonomous world.
Efforts are underway to achieve self-driving vehicles, safer roads, and un-
manned aerial and ground vehicles, leading to a transformation in the trans-
portation industry.

When reviewing the literature, it is observed that methods developed us-
ing deep learning demonstrate a high success rate. Due to rapid changes in
both artificial and natural features, regular updates of spatial data, especially
related to road networks, are essential. Traditional methods for providing road
data are ineffective due to their costliness and time-consuming nature. In con-
trast, using advanced remote sensing and Unmanned Aerial Vehicle (UAV)
technologies for extracting road types can be economically and practically
efficient.

The training time for deep learning algorithms is higher than that of clas-
sical algorithms. The performance of deep learning is dependant on numerous
parameters, which are often determined through trial and error. Some of these
parameters include the number of hidden layers, optimization techniques, er-
ror functions, and activation functions. The selection of these functions sig-
nificantly impacts the network’s performance.

In conclusion, deep learning is a rapidly expanding, multidisciplinary
research area that focuses on novel challenges, including the detection and
monitoring of forest roads. Collaborative efforts between deep learning ex-
perts and forestry scientists are likely to produce substantial gains in address-
ing these challenges.
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INTRODUCTION

Paper is an important material needed in many different areas from edu-
cation to hygiene in our daily life. Paper pulp is also a raw material suitable
for producing very different products according to the needs of these areas.
The change in the humidity of the environment in which the paper is used and
its water exchange characteristics make it an even more functional product.
For example; While it is desired that the cleaning and drying papers have
high water absorption properties, on the contrary, it is preferred that the water
absorption properties of the printing and packaging papers are low. However,
we can make these two papers from the same raw material, with the same
cooking method, and under the same conditions. With these aspects, paper
pulp is perhaps the only raw material that can produce products with different
properties from the same raw material. It is a physical process called ‘beating’
that contributes significantly to the paper’s wide product range. Thanks to this
physical process, the fibrillation, fringing, and cutting of the pulp obtained by
chemical methods in the beaters enable the fibers to make more individual
bonds in the formation of the paper sheet. As a general rule, pulp obtained
by mechanical method is not beaten. Because, in the production of pulp by
mechanical method, whether it is stone mechanical pulp or refiner mechanical
pulp, the raw material is exposed to mechanical effects similar to the beating
process. These effects can occur separately or in a double and triple combina-
tion of cutting, plucking, and stripping processes. If these pulps are subjected
to the beating process again, the fiber cut and fine fiber ratio will be too high.
In this case, the pulp yield and the paper quality to be obtained will also de-
crease due to the fine fibers formed in the pulp. In addition, during the produc-
tion of paper from these pulps, the problem of filtration in the screen and thus
the slowdown in the speed of the paper machine, the energy cost in the final
drying will also increase.

The remaining lignin ratio in the pulp is important in the beating process,
and as this ratio increases, the water absorption ability of the pulp decreases
and the swelling of the fibers is limited (Rydholm, 1965). However, the resis-
tance of paper to water absorption is only due to the surface of the fibers, it is
also related to the structure of the paper (Roberts, 1997).

In that case, when the softwood and hardwood pulps obtained under the
same cooking conditions are beaten in equal concentrations, the softwood
pulp will be harder to beat, since it will be difficult to hydrate. This is because
the pulp is obtained from softwood wood, which is high in lignin. It is more
hydrophobic than hardwood pulp and therefore more rigid. Softwood pulp
produced under the same conditions needs more energy to reach the same
degree of freeness.

When long fiber pulps are beaten at the same time as short fiber pulps,
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more fiber shearing and deformation are observed in long fiber pulps. There-
fore, they may have the same probability of arriving at the same degree of
freeness in equal time. This is because long fibers have a higher rate of catch-
ing on refiner blades. In this case, softwood pulps with the same lignin content
will have more deformation than hardwood pulps. At the same time, since
the ratio of the fiber surface caught on the blade will be high, the energy ex-
penditure will also be high. Although beating is a physical process, its results
are directly related to the paper’s water absorption. Fiber-fiber bonds increase
with the release of large amounts of microfibrils by fibrillation on the fiber
surface after beating. Hydrogen bonds and van der Waals forces can influ-
ence fiber-to-fiber bonding (Robert 1996). There is no significant change in
the chemical structure of cellulose during the beating process. This is evident
from the X-ray refraction marks (Lonnberg, 2005). The result of the beating,
which is a physical process, is important in terms of activating the chemical
mechanism and, consequently, having a chemical bond effect.

There are many theories between the mechanism of the beating process
and the bonding of the fibers with each other. For instance; Parsons found that
beating of spruce sulfite pulp increased the area of the paper in specific surfac-
es and optical contact. However, Ingmanson and Thode believe that the total
bondable area does not depend on the specific surface provided by beating,
but is a constant value determined only by the surface area of the unwrought
fibers. The reason is that the fine fibers from beating are reattached to the
surface of the main fibers and reduce the bond area (Casey, 1960). Rydholm
stated that the open ends formed by breaking the natural internal bonds be-
tween fiber cutting, fibrillation, and fringing and, cellulose crystals by forging
play an important role in water uptake and swelling (Rydholm, 1965). In this
way, it is ensured that a very different paper is obtained compared to the paper
obtained from unbeating pulp obtained from the same raw material. Although
the beating process is performed according to certain standards, the standard
determined by TAPPI “TAPPI T200 sp-01 [2001] Laboratory beating of pulp
(Valley beater method)” is the most used standard in laboratories. The stan-
dard set by ISO for the forging process is “Beating was performed based on
the ISO method (ISO 5264-1 1979) at neutral pH using distilled water and a
laboratory Valley beater”.

In the paper mills, the beating was done with tools called “Hollander” in
the early days. It is made by the progress of the beat pulp suspension thanks
to Hollander’s plates and the crushing of the fibers between the same plates.
Since the Hollanders are open tanks, the pulp is directly exposed to the weath-
er conditions during the beating process (Macdonald and Franklin,1969). In
this case, it should also be taken into account that the pulp will be directly
affected by the current situation and seasonal conditions of the environment
where beating is done. The temperature loss of the suspension by evaporation
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causes the fibers to lose the plasticization gained by the heat in the beating
process. In this case, as the pulp loses temperature, the fibers become rigid
again. As a result, it is also possible to reduce fiber quality, decrease machine
efficiency and increase maintenance costs. In addition, other negativities that
may occur in the facility from steam corrosion should also be considered. On
the other hand, the negative effects of steam in the working environment can
be risky for human health. Conical refiners and disc refiners were used more
commonly in the beating process, as well as Hollanders. Steam and heat loss
is minimized since the refiners are closed. With these aspects, the steam and
heat losses of refiners from Hollanders are very low. Although many methods
are used to control the forging process, the Schopper method is the most pre-
ferred. It is done on the Schopper device (Eroglu, 1990).

Effect of Pulp Concentration on Beating

The role of pulp concentration is important in the beating process. As a
result of beating the pulp obtained from the same raw material under the same
conditions at different concentrations, the length and fibrillation properties of
the fibers will change.

In the same pulp with a low concentration, the fiber rate caught between
the blades is less than in the pulp with a high concentration. Therefore, there is
a difference between high-concentration and low-concentration beating, even
in the same cycle.

This is because the force exerted by the blade is the same, so the force
exerted on the individual fiber in low-concentration beating will be greater
than in high-concentration beating. In this case, fiber shear in low-concentra-
tion beating is higher than in high-concentration beating (Lundin et al, 2008).
Low-concentration beating has been suggested to reduce fines left in the pulp.
In this case, it was stated that the clogging of the cleaners in the paper machine
decreased (Fulton, 1984). In addition, the interaction that will occur from the
contact and friction of the fibers in high-concentration beating will increase
fibrillation. The increase in fibrillation directly affects the number of interfiber
bonds. Accordingly, high-concentration beating should be preferred if it is de-
sired to have less fiber cut and increase the number of inter-fiber bonds. On the
other hand, energy expenditure will be higher in high-concentration beating
than in low-concentration beating.

Refining affects fibers in many ways, with the most important effects be-
ing as follows:

- Cutting and shortening of fibers

- Fines production and complete removal of parts from fiber walls, cre-
ating debris in suspension
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— External fibrillation, the partial removal of the fiber wall, leaving it still
attached to the fiber

- Internal changes in the wall structure, variously described as delamina-
tion, internal fibrillation, or swelling

- Curling the fiber or straightening the fiber

- Creating nodes, kinks, slip planes, and microcompressions in the cell
wall, or removing those from the cell wall

- Dissolving or leaching out colloidal material into the external liquor

- Redistribution of hemicelluloses from the interior of the fiber to the
exterior

Abrasion of the surface at the molecular level to produce a more gelati-
nous surface (Lumiainen, 2000)

With the increase in the beating time

1- Fragmentation and partial separation of the fiber primary membrane
2- Reduction of fiber length

3- Increased fiber elasticity

4- Fringing in fibrils

5- Physical effects such as an increase in fiber specific surface occur
(Tank, 1998).

Fibrillation and abrasion, fiber hydration, and fiber length shortening oc-
cur in refiners due to the opening of the fiber structure (Dagan and Gould,
1987).

Physical changes in fibers after beating can be studied in two different
environments;

1- Dry fibers or dispersed in non-swelling liquid media (suspension with
aromatic or aliphatic hydrocarbons)

2- The fibers are in a suspension of water and a liquid that can swell them
(Tank, 1998).

In a study, in order to reduce fiber shear in the beating process, alkali
treatment prior to beating increased the fiber width while the length was de-
creased in the swelling process. It has been stated that the strength properties
of the paper to be produced from the alkali-treated fibers may increase (Choi
etal 2016).
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In the beating process, the pulp content varies depending on the type of
raw material from which the pulp is obtained and the pulp production method.
Since the increase in the rate of hemicelluloses has a positive effect on the
plasticization of the fibers by absorbing water, it has positive effects such as
facilitating the beating process, shortening the time, and reducing energy ex-
penditure (Bostanc1,1987). In addition, hemicelluloses form hydrogen bonds
during the drying of the paper, giving strength to the paper (Kirci, 2000.)
Although lignin, which is amorphous, is most abundant in the middle lamella
and primary wall, as the remaining lignin content in the pulp increases as it is
not hydrated, it becomes more difficult to beat the pulp and increases energy
consumption.

The beating of chemical pulp obtained from raw materials with short fi-
bers such as wheat straw makes drainage and drying processes difficult. Erog-
lu (1983) stated that the paper pulp obtained from wheat stalks by chemical
methods should not be beaten for a short time or at all. He also stated that the
beating costs of these pulps are very low compared to unbleached softwood
Kraft pulps. The pulp to be used in paper production is subjected to beating
in the form of a water suspension. The fiber suspension is brought to the de-
sired degree of freeness by passing between the Hollander blades. The phrase
‘paper is made in the Holladers’ is used in papermaking (Eroglu, 1983). This
quote sums up how important beating is. In short, Hollander is where paper
acquires its properties. The reason for this definite claim is that significant
changes occur in the physical properties of the fibers during the beating pro-
cess. In addition, since the properties of the pulp can be changed by beating, it
is possible to produce paper with different properties from the same pulp. This
provides the paper manufacturer with an opportunity to meet the demands of
the market. With the increase in beating time, the degree of freeness decreases,
the % elongation of the paper increases (Eroglu, 1990).

This physical change in the pulp greatly changes the physical properties
of the paper. With beating, which is a mechanical process, physical chang-
es such as gaining plastic properties, fibrillation, increasing the fiber surface
area, shearing, crushing and fringing occur in the fibers. With this change,
the number of hydrogen bonds in the pulp increases, especially thanks to the
open ends in the cellulose chain. Thus, paper with different properties can be
produced from the same pulp. However, some features can be improved with
beating, while others can be adversely affected. The most important reason
for this is fiber cutting. This is influenced by the physical properties of Hol-
lander and the chemical components of the pulp. For example, very sharp
blades increase fiber shear, while blunt blades increase crushing. In addition,
the chemical composition of the pulp is also effective in the beating. While the
remaining lignin content in the pulp makes it difficult to beat, hemicelluloses
make it easier.
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Effect of Beating on Fibers

As beating causes the fibers to collapse, it makes the fibers more flexible
(Horn,1978). Therefore, beating should not be understood as fiber shortening.
If beating was only fiber shortening, there would be no difference in strength
between beaten and unbeaten fibers of the same length. The purpose of beat-
ing is not only to shorten the fibers but also to increase the number of inter-fi-
ber bonds by providing fibrillation. With beating, the surface of the fibers
increases 4-6 times.

The shape and length of the fibers that make up the paper may differ from
each other.

These cells are partially similar to each other during the beating. Howev-
er, the suitability of some fibers for papermaking during beating may increase,
while others may decrease.

(Lonnberg, 2005). When the pulp suitable for the characteristics of the
paper to be produced is obtained beating should be finished.

Although the individual fiber strength is very high, it has little effect on
the structure of the paper formation (Mark, 1967). The strength of the paper
increases linearly with the increase of the inter-fiber bonding area, that is, with
the increase in the overlap length of the fibers (Page et al., 1962). Beating is
perhaps the most used process to increase the tensile index and, according-
ly, the strength properties (Robert, 1996). On the other hand, the breaking,
bursting, and double folding resistances increase, the tear resistance increases
rapidly at the beginning of the beating, and decreases rapidly after a while.

In order to keep the physical properties of the paper within certain limits,
controlled beating is required. The following methods are suggested for beat-
ing control.

1- Concentration of pulp (usually keep between 4-6%)
2- The flow rate of the refiners, hence the transit time from the refiners.
3- If necessary, to ensure that the pulp passes through the refiner again.

4- It is to determine the power consumed in refineries (Eroglu, 2003).
These processes are carried out by an experienced laboratory or engineer.

Laboratory Refiners
1-PFI Mill

2-Valley Beater
3-Jakro Mill
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4-Pilot-Refiners
Industrial Refiners
1-Disk Refiners
2-Conical Refiners

3-Cylindrical Refiners (Gharehkhani, et al 2015).

Effect of Beating on Paper Properties

Paper of equal weight, made from unbeaten pulp produced from raw ma-
terial with the same method under equal conditions, has a rougher surface,

greater thickness, and lower strength than paper made with beaten pulp (Erog-
lu 1990).

Table 1 shows the changes in some of the mechanical properties (tear
index, tensile index, and burst index) of the papers obtained from pulps whose
degrees of freeness were changed by beating.
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Table 1 Changes in tear index, tensile index, and burst index of papers obtained
from pulps whose degrees of freeness were changed by beating.

Raw Materials/ Pulp T SR Tear index | Tensile Burst
Reference wp Hype mN-m%*g |indexN-m/g |indexkPa-m?/g
Common hazelnut
(Corvlus avellana L.)/ 18+2 |3.83 43.23 1.87
Genger and Ozgiil Kraft 35£2 |3.63 83.29 5.01
50+2 [3.34 87.86 5.19
2016
Redwood (Sequoia 16£2 |9.1 47.0 2.8
sempervirens D.Don)/ | Kraft 35+2 |45 943 3.8
Genger et al 2015 50£2 4.2 99.3 4.4
mmon hazelnut
(Ccomy P Ly Unb. | 4.40 42.09 1.92
Genger and Ozgiil Sulfate 35+2 [3.97 86.00 5.01
5042 [3.53 94.98 5.05
2015
15 20.0 25 1.90
Z‘I?iflts‘zgoz%ﬁaﬁ Pulp/ gt 20 [16.0 80 2.85
30 13.0 100 4.20
European black pine g Unb. [30.0 443 26
(Pinus nigra Arn.)/
Giilsoy and Eroglu 35 14.3 103.9 6.8
50 13.3 99.6 6.8
2011
Breaking
Maritime pine (Pinus - - Length (km) |-
pinaster Ait.)/ Giilsoy | Kraft Unb. |[15.06 4.30 3.23
etal 2016 35 8.16 8.27 5.57
50 8.32 8.46 5.58
Tqulsh Ca?abrlan pine 13 94 370 73
(Pinus brutia Ten.)/ Kraft 28 38 76.0 47
Giilsoy and Uysal 2020 ) ) )
Softwood /I’ Anson et 14 Unb. 17.1 )
212006 Kraft 41 - 54.7 -
63 - 34.2 -
gf m%g - -
Bleaced hardwood Bleached _1 6 38.6 25.7 1.25
pulp/ Gonzalez, et Hardwood » 63.9 41.3 2.65
al.,2012 3143 65.3 64.5 4.25
50.1 85.5 4.65
Sorghum/ Genger and 30£2 | 1.98 71.90 2.53
Hatil 2019 Kraft 35+2 | 1.87 77.0 2.68
50£2 | 1.67 83.90 2.98
White mulbery (Morus 20+£2 [2.25 - 0.54
alba L),Genger et Kraft 35+2 |2.80 - 2.06
al.,2013 50+2 |2.34 - 2.42

Unb.: Unbeaten, °SR: Schopper-Reigler freeness
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In the first stage of the beating process, the tear index first rises rapidly for
a short time and decreases rapidly as the beating time increases.

As mentioned before, if we compare the unbeaten pulp fibers to a worm,
the bonding of these fibers with each other will be like the tangent contact of
two cylinders. Therefore, the number of bonds made only in the tangential
parts of the total surface area of the two fibers next to each other is low. At the
beginning of the beating, the fiber surface takes the shape of a centipede with
external fibrillation and fringing, and the number of bonds increases rapidly.
As a result, the tear resistance increases rapidly. If beating is continued, fiber
cutting begins. For this reason, the contact area of the adjacent fibers decreas-
es and accordingly, the tear resistance decreases rapidly. In that case, the pulp
of papers with high tear resistance should not be beaten too much.

RESULTS

It should not be taken to mean that strong paper will be made from pulp
with high individual fiber strength. Paper strength is directly proportional to
how much bond the fibers make with each other. The increase in the number
of bonds between the fibers is completely dependent on the fibrillation that
occurs with beating. Even if it is obtained from the same raw material, the
fibers in a paper pulp may differ morphologically from each other, especially
hardwood pulp. These cells partially resemble each other as the duration of the
beating process increases. For this reason, papers obtained from beaten pulps
have a more uniform structure than papers obtained from unbeaten pulps. In
addition, the surface smoothness of the paper increases with the increase of
the beating time of the pulp. The mechanical properties of smooth surface
papers are also high.

Beating improves fiber bonding and hence paper strength through a va-
riety of effects, including fiber swelling, fibrillation, shearing, and crushing
(Young 1980). However, with the changes that occur in the pulp with beat-
ing, some situations that we do not want may develop. It may be possible
to prevent these with some measures being taken. Changes in the fiber wall
structure in case of using alkaline solution; swelling. In addition, the degree
of fiber hydration can increase the strength of the paper if it is increased by
alkali treatment. Alkaline swelling can alter fiber properties such as size and
degree of hydration to potentially reduce paper strength loss while improving
the paper volume (Zhang et al., 2013). When starch is used as a dry-strength
material, it increases the tear resistance by keeping the tensile resistance at the
same level with less beating. Increases production by accelerating drainage
and beating (Robert, 1996).

However, pulps obtained by chemical and semi-chemical means are mal-
leable, mechanical and thermomechanical pulps undergo an effect similar to
beating in refineries during production, so they do not need to be beaten again,
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otherwise, the pulp fiber increases, and the yield and mechanical properties of
the pulp decrease.

Shortening of fibers with beating Despite the significant decrease in tear
index shown in Table 1, fibrillation is the reason for the significant increase in
the tensile index and burst index due to bonds formed by fibrillation. There-
fore, beating alone does not mean fiber shortening. In fact, the bond length
lost with the shortening of the fibers increases with the fibrillation effect of
the beating. By preparing a beating program according to the demand of the
paper producer. Whichever mechanical property of the paper to be produced is
desired can be achieved by controlling the beating time. Therefore, the paper
manufacturer must decide on the duration of beating according to the paper
to be obtained.
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Introduction

Thanks to developed technologic tools and software,
comprehensive data analyses and forecasting forward looking have
reached promising points. Due to remote sensing systems’ passive and
active sensors, having a knowledge of atmospheric and earth surface
data became possible (Jensen, 2009). Thanks to the ease of reaching
data, having secure data, large area spectrum and examining the
characteristics of parameters in detail, the research in remote sensing
technology is increasing day by day (Karaca and Giilli, 2018).

Remote sensing is interested in obtaining information about the
objects or the cases on earth. Taking the energy reflected or released
and recording is the basics of remote sensing. Each object has a
specific reflection property. Vegetation cover is easily recognized and
examined in earth objects. With the use of remote sensing, providing
the precious spatial and temporal information is possible when
considering the dynamic properties of plants.

Vegetation cover is a general term which is expressed for plant
life. It expresses soil cover provided by plants and is mostly located in
the biosphere. So, vegetation cover is a crucial biophysical parameter
which describes the world's surface system (Jones and Vaughan,
2010). Firstly, it provides a biogeochemical cycle. This situation is so
important for the climatic conditions. Secondly, vegetation covers
affect the productivity and the soil properties strongly. It also has great
importance as a source of wildlife and energy (Bahre, 1991). Utilize of
remote sensing and Geographical Information Systems (GIS)
disciplines together in the land monitoring and assessment studies
allow to reach the sensitive and accurate information in terms of land
(Islam et. al., 2021; Liping et. asl., 2018; Sluiter, 2005).

Vegetation cover phenology is influenced by climatic dynamics
a lot except for the other environmental factors such as soil,
topography and sunbathing (Crucifix et al., 2005). In the Central
Anatolian region, in dry farming areas, vegetation productivity is
mostly dependent on precipitation. In years with low precipitation,
vegetation cover decreases, while biomass increases in years with high
precipitation, leading to an increase in the vegetation index value
(Erdogan and Akdeniz, 2004). In an area where the precipitation is
sufficient, vitality of vegetation cover indicates that agricultural
productivity is high. Using the relationship between these two
parameters, forecasting the amount of agricultural production is
possible with remote sensing data.

Spectral reflections acquired from Earth observation satellites
have been used to monitor plant phenological changes since the
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launch of Landsat-1 in 1972 (Jackson, 1986). The development of
spectral sensors and methods involving band combinations has
introduced the concept of vegetation indexes, playing a crucial role in
assessing cultigens grown in large areas (Jia et al., 2011; Shou et al.,
2007). Specifically, the red and Near-Infrared (NIR) bands of the
electromagnetic  spectrum actively contribute to monitoring
agricultural ecosystem services (Liu et al., 2004).

In fact, the spectral regions relevant to biophysical changeable
of plant such as height, density, and cover percentage are closely
interconnected. It is well-established that the ratio of near-infrared
bands to red edge spectral bands exhibits a high correlation together
with crop improvement opposite dissimilar expansion periods. The
spectral vegetation index is a commonly utilized method for analyzing
and detecting changes in plant physiology and chemistry. The
principles of vegetation indexes are grounded in determining reactions
to biotic and abiotic factors related to the presence of chlorophyll,
including leaf area index and plant biomass (Li et al., 2015; Kokaly
and Clark, 1999).

Today, numerous spectral indexes, described as radiometric
measurements, have been developed to gather information about the
biophysical features of green-leafed plants. For this purpose, indexes
such as NDVI (Normalized Difference Vegetation Index), Effective
Leaf Area Index, Red-Edge Modified Chlorophyll Absorption in
Reflectance Index, Red-Edge Optimized Soil Adjusted Vegetation
Index, Green Normalized Difference Vegetation Index, Healthy Index,
and LAI (Leaf Area Index) are commonly employed (Bagheri et al.,
2012; Fitzgerald et al, 2010; Wojtowicz et al, 2016). The
explanations and the various applications of vegetation indexes
described and categorized in this chapter.

1. Combined use of the Sentinel-2A MSI and Vegetation Indexes

The Sentinel satellites constitute a fleet of remote sensing
satellites launched into space under the European Space Agency's
Copernicus program. Primarily, this satellite fleet serves various
purposes, including assisting in managing food security, supporting
agricultural and forestry practices, environmental management,
understanding the impacts of climate change, and developing solution
proposals. Sentinel-2 satellites capture images of land and coastal
areas between 56° south and 83° north latitudes every five days,
utilizing two satellites (Handbook and Tools, 2015).

Sentinel-2A MSI has much more ability to examine the plants
more than the other satellites (Aghlmand et al.,, 2019). Dedeoglu,
(2020) aimed to monitor the nitrogen (N) nutrient status, a crucial
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component in sugar beet (Beta vulgaris) plant development and the
highest chemical fertilizer, using REdge and NDVI values extracted
from Sentinel-2A satellite imagery. He also explored the relationship
between these remote sensing indicators and ground truth data. With
this study, the potential for monitoring and assessing sugar beet
nitrogen (%N) content using vegetation indexes derived from high-
resolution satellite images was explored. Dedeoglu, (2020) has
concluded that in this study, parcel-based relationships between Redge
— NDVI values off Sentinel-2A satellite imagery and sugar beet %N
content were satisfactorily established during early to mid-vegetation
periods, with a noted decrease in usability during the maturation
period and beyond. The study highlighted the successful monitoring of
%N content, especially at the beginning of the vegetative growth
period, owing to the Red Edge band’s ability to reduce soil reflection
and its sensitive responsiveness to chlorophyll pigments. Furthermore,
the use of Sentinel-2A satellite images was recommended due to their
measurement capability within the reflection range of the Red Edge
wavelength (705-740-783 nm) in similar phenological research.

Multispectral Sentinel-2A satellite images have a spatial
resolution of 10 m in 4 bands, 20 m in 6 bands and 60 m in the other 3
bands (Table 1).

Table 1. Characteristics of the Sentinel-2A Satellite Sensor

Spatial

Band Band Name Wavelength . Band Resolution
(nm) width (nm) (m)
Bl Coastal Aerosol 443 20 60
B2 Blue 490 65 10
B3 Green 560 35 10
B4 Red 665 30 10
B5 Vegetation Red-Edge 705 15 20
B6 Vegetation Red-Edge 740 15 20
B7 Vegetation Red-Edge 783 20 20
B8 Infrared 842 115 10
B8A Vegetation Red-Edge 865 20 20
B9 Water vapor 945 20 60
B10 Cirrus 1380 30 60

Shortwave Infrared

Bl1l1 (SWIR)1 1610 90 20

B12 SWIR2 2190 180 20
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2. General Descriptions for the Vegetation Indexes
2.1. Normalized Difference Vegetation Index (NDVI)

In remote sensing technology, NDVI is one of the most used
tools monitoring the green vegetation cover. NDVI is calculated by
NIR and red bands of the satellite image and is approved as the
primary indicator of the supply of plants’ biomass and leaf area index
and is used for monitoring the development of plant growth and
productivity forecasting. For every pixel, the red band’s reflection
value is subtracted from the NIR band reflection value belonging to
that pixel.

NDVI values are changing between -1 and +1. Index value
closest to 1 where the green vegetation cover is more, while clouds,
snow and water have nominal NDVI index values. NDVI value
closest to 0 in the instance of bare soil and weak vegetation cover
(Hatfield et al., 1985). When observing the agricultural lands in a
NDVI map, the areas together with nominal NDVI values point out
the areas where vegetation cover is weak with the severe factors such
as drought, excessive moisture, illness and detrimental effects. On the
other hand, high NDVI values point out the healthy plant development
arcas. NDVI data is successfully used in different areas of the world
by many scientists in examining the vegetation cover in large areas.
The NDVI procedure is lot advantageous compared to the customary
methods due to low cost and gaining fast results in the research that
covers large areas.

NDVI value is calculated by the formula given below:
NDVI = (NIR — RED)/(NIR + RED) (1)
2.2. Leaf Area Index (LAI)

LALI firstly introduced by Watson, (1947) as total one-sided leaf
texture area for per unit surface area. Many researchers have done
descriptions based on this definition according to different vegetation
types. No matter how the leaves where photosynthesis takes place are
the basics of LAIL branches and stems of the plants are included from
time to time in LAI calculations (Kucharik et al., 1998; Neves et al.,
2013). In some research LAl is described as the amount of the leaf
falling on unit soil area (Asner et al., 2003), while Gower et al., (1999)
has described the LAI as the area of whole leaves.

Various methods have been developed to determine Leaf Area
Index (LAI), categorized as either direct or indirect measures. Direct
measurements involve assessing the leaf surface area of plant
vegetation (Gower et al., 1999; Marshall and Waring, 1986; Peper and
McPherson, 1998; Sumida et al., 2009) in a given area, relying on
relationships such as those between leaf surface area and forest
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openings (Chen and Black, 1992; Mason et al., 2012; Sampson and
Allen, 1995). Indirect measurements utilize optical devices (Behera et
al., 2015; Chianucci et al., 2014; Kara et al., 2011), particularly remote
sensing methods (Hall et al., 2003; McAllister, 2005; Nagler et al.,
2004; Yang et al., 2006) analyzing cover and light, often with satellite
imagery. However, it is crucial to note that all indirect methods
necessitate ground measurements for verification.

LAI value is calculated by the formula given below:

LAI = Leaf Area (m?)/Ground Area (m?) (2)
2.3. Soil Adjusted Vegetation Index (SAVI)

For vegetation indexes, addressing the reflection from sub-soil
biomass poses a significant challenge, and it is essential to mitigate
the impact of this issue when calculating these indexes. NDVI, for
instance, suffers from a non-linear relationship with biophysical
properties and sensitivity to sub-soil mass. In contrast, SAVI employs
a transformation technique that minimizes the influence of external
factors. With red and NIR spectral bands, SAVI’s graphical
transformation incorporates alterations in the origin of reflection from
the red and NIR in vegetated canopies, effectively eliminating the
soil’s effects on the indexes.

SAVI value is calculated by the formula given below:

SAVI = (NIR — RED)/(NIR + RED) * (1 + L) 3)

where, NIR and RED are the reflectance in spectral bands, L is the
parameter which is constant value (Battay, 2013).

2.4. Red Edge-Optimized Soil Adjusted Vegetation Index (RE-
OSAVI)

RE-OSAVI is an updated version of the SAVI (Soil Adjusted
Vegetation Index) family which was advanced by Rondeaux et al.,
(1996). Red edge band (705 nm) is added instead of red band (670
nm) in RE-OSAVI. Red edge band minimizes the effectiveness of the
sub-mass on the red wavelength reflection. This specialty makes RE-
OSAVI much more trustworthy to define the plant biomass.
RE-OSAVI value is figured out by the formula given below:

RE — OSAVI = (1 4 0.16) x [(NIR — REdge)/NIR + REdge +
0.16)] 4)
3. Application of Vegetation Indexes in Erosion Assessment
Studies

With the increasing global population, the pressure on land is
steadily rising, and the value of fertile soil is becoming more evident.
Worldwide, the use of chemical pesticides and fertilizers is rapidly
escalating to enhance the productivity of eroding or unproductive
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soils, leading to various environmental challenges for both humans
and ecosystems.

Erosion happens as a results of erodibility, transportation and
accumulation of soil particles is a natural process. Soil erosion is one
of the biggest problems of lands because it remove the productive
topsoil. In geological process erosion is not a big problem. But, with
inappropriate land use and wrong interventions on vegetation cover,
erosion is increasing and because of it soils has been removed
irreversibly. Erosion not only affect the environment, but it also affects
human beings and because of this reason erosion is accepted as the
most critical environmental worry in the world (Aiello et al., 2015;
Phinzi & Ngetar, 2017).

Remote sensing and GIS technologies are mostly used methods
determining the soil erosion and the land use/land cover change
studies (Fenta et al., 2021). Image classification techniques including
vegetation cover indexes have been used often in recent years (Phinzi
& Ngetar, 2017). From these parameters, NDVI is the most used
method in erosion studies (Seutloali et al., 2017). In one of their
studies, Tombus et al., (2012) searched for the effect of temporal
change of vegetation cover data which is one of the ICONA erosion
assessment methods for Corum province. For this aim, they have used
2000 dated Landsat 7 ETM+, 2006 and 2010 dated Landsat 5 TM
satellite images. They have calculated the 2000, 2006 and 2010 dated
NDVI values and examined the impact of this values on results. As a
result, they have concluded that the selection of high-resolution
satellite images determining the vegetation cover will affect the
assessment results in a positive way. With this study, it has been noted
that by the researchers remote sensing in obtaining the land
information belonging to large areas is very important as well as
applying GIS to analyze the obtained information are really crucial.

To assign the erosion risk classes of Sinop province, Kaya and
Dengiz, (2022) has used a hybrid model called Neutrosophic Fuzzy-
AHP method and has determined the statistical relationship between
the RE-OSAVI values obtained from dated Sun Aug 21st, 2022,
Sentinel-2A (MSI) satellite image and erosion susceptibility index
values. They employed the Linear Combination Technique (LCT)
after establishing the de-neutrosophied weights based on
predetermined criteria to generate an interpolation map illustrating
erosion risk classes. The erosion susceptibility map for Sinop
Province, Tiirkiye, was developed using seven criteria as:

e geology,
e land cover,
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land use,

slope,

depth,
precipitation, and
erodibility.

Within the framework of LCT, each parameter involved in
creating the erosion susceptibility map underwent classification into
sub-parameters. Weight values ranging from 1 to 4 were assigned to
classes within the sub-parameters, with a value of 4 denoting a high
erosion susceptibility level and a value of 1 indicating a low erosion
susceptibility level (Demirag Turan et al., 2020). The computation of
the total erosion susceptibility index followed the given formula (Eq.
5).

S =25 (Wi X) (5)
where, S is total erosion sensitivity point, W; is the value of i parameter,
X; is the sub criteria point of i parameter and » is the total numbers of
the considered criteria.

The erosion risk map was generated by assessing individual
parameters separately through both the Neutrosophic Fuzzy-AHP
approach and LCT. In this particular investigation, land cover (0.3148)
and slope (0.2076) emerged as the criteria with the highest weight
scores. The elevated weight scores assigned to land cover and slope can
be rationalized by the fact that soil erosion risk escalates in areas with
lower land cover percentages, primarily due to increased runoff.
Managing sediment quantity in rivers becomes crucial, especially
during dry seasons (Kairis et al., 2015). Furthermore, Demirag Turan
and Uzun, (2021) observed in their study that areas lacking robust land
cover and featuring high slopes pose significant risks of erosion.
Geology, with a weight score of 0.0865, was identified together with the
most nominal weight among the criteria. Remaining criteria in the study
area, like soil depth, land use, erodibility and precipitation, were
assigned weights of 0.0898, 0.1086, 0.0996 and 0.0865, respectively.
These weight scores contribute to the overall evaluation of erosion risk
classes in Sinop Province, Turkey.
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Figure 1. Soil erosion risk map belonging to the research area

The comparisons conducted reveal a robust correlation between
the RE-OSAVI values and the erosion risk classes in Sinop Province,
categorized as low, medium, high, and very high. The coefficient of
determination (r’) values further illustrate the strength of this
relationship, with values of 0.8101, 0.8138, 0.856, and 0.8179
identified for the low, medium, high, and very high erosion risk
classes, respectively (Figure 2).
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Figure 2. r* values corresponding to erosion susceptibility index
values in Sinop Province and RE-OSAVI values extracted from
Sentinel-2 A satellite image dated Sun Aug 21st, 2022

The CORINE-2018 land use/land cover map presented in
Figure 3 depicts the characteristics of the study area. Notably, the
southern region of the study area is predominantly covered by forests,
constituting 60% of the land, while the northwest part features 20%
coverage of unirrigated agricultural areas (Demirag Turan et al.,
2020). However, a comprehensive evaluation of the study area in
terms of slope reveals a significant portion, approximately 555680
hectares (95%), characterized by a high slope percentage. This high
slope is identified as one of the crucial factors contributing to erosion,
as illustrated in Figure 3.
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Figure 3. CORINE-2018 land use/land cover and slope maps of the
research area

Hence, the correlation observed among erosion susceptibility
risk classes and RE-OSAVI is attributed to the insights provided by
the RE-OSAVI vegetation index. This connection is explicable by the
fact that the research area, situated in the Black Sea region, boasts
abundant vegetation cover due to high precipitation levels, resulting in
a low to moderate likelihood of erosion for approximately 60% of the
study area. Notably, Demirag Turan et al., (2020) emphasized in their
research that areas characterized by weak land cover and steep slopes,
particularly agricultural zones and impoverished pasturelands, are
highly sensitive to erosion. The distribution map of RE-OSAVI values,
off Sentinel-2A satellite imagery, is illustrated in Figure 4.
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Figure 4. Distribution map of the RE-OSAVI values off Sentinel-2A
satellite image dated Sun Aug 21st, 2022

As a result, they have concluded that RE-OSAVI values have
represented successfully the Sinop province’s soils. Especially,
researchers put forward where the slope is high, transportation is and
ground control is challenging, vegetation indexes can be used to
forecast the erosion risk.

In one of their studies, Saygin et al., (2023) have aimed to
observe the relationship between the obtained index values and the
reflectance using the satellite images and soil erosion parameters
(erosion rate, dispersion rate, structure stability, clay rate, aggregate
stability and soil crust index). As a result, they have concluded that
index values obtained from satellite images can be used as parameters
determining the risk of soil erosion. At the end of the study, with the
use of satellite images and soil features, potential dangers can be
prevented before in the areas where the erosion is the main problem
has been reported by the researchers. In addition to this, using the GIS
and remote sensing applications is important in determining and
examining the erosion risk is becoming important day by day.
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4. Application of Vegetation Indexes in Land use/Land cover
studies

In agricultural production and management practices,
determining land use/land cover modifications studies have a vital
role. There are several methods to detect land use/land cover
alterations and one of them is the vegetation index method (Jomaa and
Kheir, 2003).

To monitor and detect the land use/land cover varieties,
vegetation indexes are calculated from the satellite images.
Specifically, NDVI is the major vegetation index in forecasting the
amount of land cover from the reflective bands of the satellite image.
In one of their studies Lyon et al., (1998) for specified changes in land
cover, have used seven different vegetation indexes on three
differently dated Landsat MSS image data. As a consequence of this
research, they have concluded that NDVI compared to the other
vegetation index gave the best results for change detection. Giilersoy,
(2013) in a study which investigates the changes in land use/land
cover studies using the difference remote sensing techniques for the
central district of Manisa, has used the supervised classification
method in creating the NDVI images and digitizing the satellite
images. As a result of the study, it has been reported by the researcher
that the biggest change has happened in residential areas with 109%
and pasture lands with 31.5% in the 24 years process which covers
1986-2010.

Vegetation indexes are one of the most effective methods in
revealing the changes of plant development as temporal (Lu et al.,
2004). Vegetation indexes have been developed for finding the
functional relationship between the remote sensing observations and
plant characteristics. With these indexes, the effects of factors as water
stress, nitrogen level which have a crucial effect on development of
plant growth. It’s well known that plant biomass and spectral
reflections on red and NIR wavelengths have strong relationships.

4. Application of Vegetation Indexes in Soil Quality Assessment
Studies

Karaca et al., (2021) conducted a comprehensive assessment of
soil quality in pastureland near Van Lake in the Northern East Anatolia
Region of Turkey. Covering approximately 6024 ha, the high plateau
study area had elevations lining up from 1641 m to 2334 m above sea
level, with steep slopes in central and eastern parts. The study
integrated various methodologies, including Multi-Criteria Decision
Analysis (MCDA), Soil-Plant System Factor (SSF), Fuzzy Analytical
Hierarchy Process (Fuzzy-AHP), Principal Component Analysis
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(PCA), and Remote Sensing (RS) and Geographic Information System
(GIS) technologies.

To evaluate soil quality, 150 soil samples were assembled off
the surface soil depth (0—30 cm), and 26 parameters were analyzed,
categorized into physical, chemical, nutrient elements, and biological
aspects. The study aimed to develop a Soil Quality Index (SQI) by
selecting relevant indicators, processing spatial distribution data using
GIS, and validating results with satellite imagery.

The selection of appropriate indicators was crucial for SQI
development, considering the study area’s topography and irregular
precipitation. Physical indicators included particle size distribution,
water retention capacity, bulk density and aggregate stability,
emphasizing their significance in assessing soil erosion risk. Chemical
indicators encompassed organic matter, electrical conductivity, pH,
and CaCOs; due to their impact on soil fertility. The lack of a universal
approach for soil quality assessment was acknowledged, and the study
highlighted the importance of tailoring indicators to site-specific
conditions and land use purposes.

To streamline the assessment, PCA was employed to select a
representative Minimum Data Set (MDS) off the Total Data Set
(TDS), focusing on physical, chemical, and biological properties. The
study justified PCA’s use for data reduction, aiming to minimize
labor-intensive and costly data collection while ensuring reliability.
The features picked because of TDSgq were hieratically categorized
under 4 primary criteria (chemical, physical, fertility and biological)

(Fig. 5).
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Figure 5. Hierarchical scheme of the TDSgq; parameters
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A multi-criteria assessment approach was applied to enhance
the SQI, involving three steps: generating a representative parameter
method, assigning weights to parameters using the Fuzzy-AHP
method, and verifying the index through appropriate models. Standard
scoring functions (SSF) were applied to accommodate diverse
parameter units, and the Weighted Linear Combination (WLC)
approach calculated SQI values for TDS and MDS. Fuzzy logic theory
and Fuzzy-AHP addressed uncertainty, with the Natural Breaks Jenks
method classifying resulting SQI values into five categories. Index
values for SQI are demonstrated in Table 2.

Table 2. Soil quality index classes and index values for

pastureland
Class Description Index Value
I Very low 0.29-0.36
I Low 0.36-0.41
I Moderate 0.41-0.45
v High 0.45-0.49
\Y Very high 0.49-0.56

The study incorporated biomass reflectance values from
Sentinel-2A images, specifically using the Red Edge-Optimized Soil
Adjusted Vegetation Index (RE-OSAVI) to estimate biomass during
different grass growth periods. Various interpolation models, including
radial basis function (RBF), Inverse Distance Weighing (IDW) and
kriging, were explored to generate spatial distribution maps of SQI.

Descriptive statistics were provided for soil properties and SQI
values, indicating variability in pH, bulk density, CaCO; content,
organic matter, and texture constituents. The study identified 26 main
parameters influencing SQI, emphasizing the importance of soil
physical parameters and organic matter. The resulting SQI values were
validated using remote sensing data, showing strong relationships
between TDSsq and MDSsq with RE-OSAVI. The spatial and
incidence distributions of TDSgq; and MDSg(, in the pastureland area
are displayed in Table 3 and Fig. 6. In accordance with Table 3, 26.7%
of total pasture area has low and very low soil quality in TDS while
these classes were devised to be 18.6% for MDSgq.
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Table 3. Distribution of TDSgo; and MDSg in the study area

Class Index Value TDSsq1 MDSsao1
Area Area
ha % ha %

Very low 0.29-0.36 365 6.1 175 2.9

Low 0.36-0.41 1239  20.6 946 15.7
Moderate 0.41-0.45 1167 19.4 1032 17.1

High 0.45-0.49 2182 36.2 1335 22.2
Very high 0.49-0.56 1071 17.8 2536  42.1

Total 6024 100.0 6024 100.0
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Conclusion

In conclusion, this comprehensive review emphasizes the
pivotal role of vegetation indices, particularly focusing on the
application of remote sensing technologies and various indices such as
NDVI, LAI, SAVI, and RE-OSAVI in land use/land cover, soil
erosion, and soil quality studies. The text underscores the significance
of these tools in providing spatial and temporal information crucial for
monitoring environmental changes, agricultural productivity, and soil
health. The case studies presented, particularly the application of the
Sentinel-2A satellite imagery and RE-OSAVI in assessing soil erosion
risk in Sinop province and the integration of remote sensing with soil
quality assessment near Van Lake, highlight the effectiveness of these
methodologies in addressing complex environmental challenges.

Overall, the review affirms the growing importance of remote
sensing and vegetation indices in advancing our understanding of
large-scale environmental processes and promoting sustainable land
management practices.
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1. INTRODUCTION

While the world population is increasing rapidly, the increase in foodstuffs
is lagging behind. Food preservation has become one of the important branch-
es of the industry, considering that agricultural production has decreased or it
has become difficult to obtain quality products due to impossibilities in the ag-
ricultural sector, environmental factors, climate changes, etc. (Gokoglu, 2002;
Colak, 2006).

One of'the objectives of food preservation methods is to reduce the amount
of microorganisms or to prevent microbial growth and/or to kill microorgan-
isms. In the face of advancing technology and changing needs, people have
resorted to different food preservation methods. While the preservation meth-
ods they use vary according to the characteristics of the food, sometimes they
have had to use several methods together. In order to prolong the preservation
period, not to deteriorate the product quality, to do what is healthy and less
costly, preservation technology has reached up to the use of radiation today
(Colak, 2006).

The application of irradiation for food preservation started to develop in
the early 20th century and the basis of this technology was the discovery of
X-rays by German physicist W. Konrad Roentgen in 1895 and radioactivity
by French physicist Antoine Henry Becquerel in the same year. In 1930, the
French scientist patented radioactivity for use in food. In the 1940s, studies
conducted in the United States in the 1940s, it was thought to be used to pro-
vide safe food for soldiers in remote areas away from the city, and since 1972,
irradiated foods have been used in space travel. Irradiated foods have been
used in hospitals to reduce the risk of infection in patients with weakened
immune systems (Anon., 2004; Varlik et al., 2004).

In Russia, on March 4, 1985, irradiated potatoes were offered to human
consumption for the first time in the world to prevent sprouting. One year lat-
er, irradiation of cereals to prevent insect infestation was authorized. In 1963,
the first foodstuff irradiated at sterilizing dose level was obtained when the
FDA approved the suitability for human consumption of bacon irradiated with
gamma rays at a dose of 4.55 Mrad in tin cans (Anon., 2000).

Turkey, within the framework of the United Nations Development Pro-
gram (UNDP), the world’s first grain irradiation plant with a Co-60 source of
30-50 tons/hour and 16 krad capacity was established in Iskenderun in 1967.
However, as a result of opposing views, it was dismantled and taken out of the
country in 1968 without obtaining a license (Anon., 2004).

Lalahan Animal Health Nuclear Research Institute was established in Tur-
key on May 29, 1981 and Turkey became a member of the International Consul-
tative Group on Food Irradiation (ICGFI) on October 5, 1983 (Tutluer, 1999).
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In our country, mainly spices, dried vegetables, some dried nuts (almonds,
dates, pine nuts, currants), fish, chicken meat, shrimp, tripe and frog legs are
preserved by irradiation (Anon, 2002).

2. IRRADIATION TECHNOLOGY

Long-term durability of foods is realized by biological, chemical and
physical methods in food technology. Among biological methods, fermenta-
tion technology is the most widely used method. Chemical methods include
the use of canning agents. Physical methods include heat and pressure appli-
cations (Potter, 1973; Brennan et al., 1990).

Food irradiation is a process developed to preserve the quality of foods,
ensure their hygiene and extend their storage period. This process is a phys-
ical application such as pasteurization, canning and freezing methods using
heat energy. The difference of food irradiation from these methods is that the
energy used in irradiation is not heat energy but ionizing energy (Demirezen
and Cetinkaya, 2007).

Irradiation is considered as one of the physical canning procedures and
is also called cold sterilization because there is no significant temperature in-
crease during the process (Potter, 1973; Brennan et al., 1990).

Irradiation is a physical method that does not contain any residues. Al-
though it is applied in the preservation of fresh and perishable foods, it cannot
be applied to all foods (Lagunas-Solar, 1995).

The use of ionizing radiation in world food technology is increasing. In
more than 40 countries, it is used in the preservation of some foods, especially
potatoes, onions, garlic, vegetables-fruits, spices and chicken meat, by irradi-
ation at certain doses (Erol, 2007).

2.1. PURPOSE AND ADVANTAGES OF IRRADIATION TECH-
NOLOGY

The use of ionizing radiation in world food technology is increasing. This
is due to the need to reduce the use of food additives, prevent foodborne poi-
soning and new food preservation methods. Irradiated foods are used in a wide
range of production areas such as cereals, meat, seafood, etc. and there is a
large amount of literature on them (Desrosier, 1970; Varlik et al., 2004).

Irradiation extends the shelf life of foods, reduces microbial load, inhibits
growth, inhibits microbial activity, inhibits sprouting (e.g; potatoes, onions,
garlic) and over-ripening, preventing parasite transmission sources and dis-
eases, destroying insects and pests, reducing or eliminating the use of some
chemical substances used as food preservatives, preventing rotting in fruits
and vegetables, protecting dry foods against molds, eliminating fungicide res-
idue problems, and sterilization is provided while foods are packaged (Lagu-
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nas-Solar, 1995; Olson, 1998; Anon., 2002 ).
Advantages of irradiation technology;
e Broad spectrum in terms of its effect
e No microorganism can develop resistance

e Sensory analysis such as taste, color and smell is the most studied
method

e Applied to the final packaged product and leaves no chemical residue
e No need to wait after application

e Operating costs are relatively cheap (Cetinkaya, 2004).

3. BASIC CRITERIA IN FOOD IRRADIATION

Foods should only be irradiated when there is a technological need or to
ensure food hygiene. Spoiled food may not be irradiated for human consump-
tion. Post-harvest or post-production processing, storage and transportation
conditions must meet the Codex General Standard on food hygiene and the
current legal requirements applicable to each product. Food irradiation cannot
be used as a substitute for Good Manufacturing Practice (GMP). Food quality:
The irradiation dose applied must meet technological and public health objec-
tives and comply with Good Irradiation Process Practice. For bulk irradiated
products, Hazard Analysis and Critical Control Points (HACCP) rules should
be followed to prevent re-infestation and contamination. Any chemical treat-
ment to be applied for the same purpose as food irradiation cannot be used
in conjunction with food irradiation. The irradiation dose to be used in food
irradiation is determined by measuring the average dose absorbed in a certain
volume unit of the food by internationally acceptable dosimetry methods suit-
able for the properties of the food and the desired dose range (Anon., 1999;
Anon, 2002; Cetinkaya, 2004).

According to the statement made by the Joint Committee of Experts in
1980, it was determined that irradiation up to 10 kGy would not pose a toxico-
logical, biological and chemical hazard to foodstuffs (Anon., 2004).

In 1980, the Joint Committee of Experts decided that irradiated food
should be identified with a symbol as shown in Figure 1. It was first used
in the Netherlands and then in South Africa, the USA and Canada. Later, in
order for consumers to better identify irradiated food, the Food and Drug Ad-
ministration (FDA) in the USA decided to use phrases such as "Treated with
radiation" or "treated by radiation" together with the radura symbol on food
packages (Anon., 2004; Smith and Pillia, 2004).

In our country, it is mandatory to include the phrase "irradiated" or "irra-
diation process" on irradiated foods and to have the green colored internation-
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al food irradiation symbol on the label in an easily visible way (Anon., 1999).

8
ot
o

Figure 1. Food irradiation symbol (green color) (Anon., 1999).

In foods irradiated in our country; the irradiation dose should not exceed
10 kGy. At maximum dose levels above 10 kGy, the average of the minimum
and maximum dose in the whole food is applied in a way that does not exceed
10 kGy (Anon., 1999).

4. APPLICATION OF IRRADIATION TECHNOLOGY ON FOOD

Food irradiation includes sources, equipment and operating systems de-
signed for the safe irradiation of food with a suitable irradiation source, li-
censed and registered for compliance with radiation safety and hygienic con-
ditions. Radiation is literally defined as the emission of energy. Wave types
such as radio waves and microwaves have low energy because they have large
wavelengths. Therefore, although the movement of the molecule is ensured,
it is not enough energy to cause a structural change in the atom within the
molecule. lonizing radiation is energy with smaller wavelengths. As radiation
passes through matter, it collides and interacts with the atoms and molecules
that make up the matter. In a single collision or interaction, the radiation will
usually transfer a very small fraction of its energy to the atoms or molecules.
The atom or molecule may turn into an ion as a result of the interaction. The
ionizing radiation leaves the mass of ionized atoms or molecules and can
move in different directions. As this energy passes through food or material,
it cannot make the food or material radioactive (Desrosier and Rosenstock,
1960; Cameron, 1970; Desrosier and Desrosier, 1977). According to the rele-
vant regulation in our country, the following sources are allowed to be used in
food irradiation processes (Varlik et al., 2004; Anon., 1999).

e Gamma rays emitted from sealed cobalt-60 (Co-60) and Cesium-137
(Cs-137) radionucleotide sources.

e X-rays from machine sources operating at 5 MeV and lower

e Electrons produced from machine sources operating at 10 MeV and
lower.
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Co-60 or Cs-137 is used as a radioactive source in facilities where gam-
ma rays are used to irradiate medical products and food. X-rays are emitted
when high-energy electrons produced in electron accelerators collide with a
tungsten plate and as a result of this collision, the electrons are stopped and
the X-rays lost by the electrons are emitted as X-rays. This event is called
Bremmstrahlung (braking beam) and the continuous spectrum of X-rays is
called Bremmstrahlung. Sources producing X-rays have energies of 5 MeV
and lower. The irradiation time is short since the penetration into the material
and dose rate is high. Products of varying densities can be irradiated individ-
ually and independently of each other. Since the irradiation is unidirectional,
the product box sizes are smaller than the box sizes in gamma irradiation.
Electron accelerators are produced in devices capable of accelerating elec-
trons to a speed close to the speed of light. In these beam generators, energy
from the city grid is used as the energy source. Electron accelerators used in
food irradiation are devices with energies lower than 10 MeV. Its penetration
into the material is low. Therefore, products with small size and low den-
sity are irradiated. Since the dose rate is high, the irradiation time is short.
Products of various densities can be irradiated individually and independently
(Desrosier, 1970; Dempster, 1985; Cetinkaya, 2004).

Alpha particles, produced by the decay of radioactive isotopes or ra-
dionucleotides, are helium atoms split into two electrons. Beta particles are
high-energy electrons known as cathode rays. Gamma rays, also known as
photons, are a type of X-rays with a wavelength of 100-150 nm. In addition,
some elements such as cobalt-60 (Co-60) and cesium-137 (Cs-137), which
can give artificial radioactivity by unique methods, are also known as radio-
active isotopes. Alpha, beta particles and X-rays emitted by radioactive iso-
topes have different levels of ionization energy and cause ionization in the
substances they affect. For this reason, the application is known as ionizing
radiation. ionizing radiation acts as a germicide by transforming the structure
from molecules to ions with its energy. Although ultraviolet radiation con-
tains low energy, it can have a partially lethal effect on microorganisms. Alpha
rays travel slowly through the air and have low penetration. Beta rays have
higher penetration power and lower specific ionization power. Gamma rays
have lower specific ionization power but high penetration power. Ultraviolet
radiation applications have been limited to superficial applications due to the
low penetration effect. However, it is used to remove molds from packaging
material or to reduce the microbial load on meat (Varlik et al. 2004).

Irradiation is an energy input that does not cause radioactivity in foods.
Its unit is rad (1 rad = 100 erg g-1) or gray (1 gray = 100 rad). 1 rad is the ener-
gy of 100 erg in one gram of matter through which the beam passes (Lagunas
- Solar, 1995, Anon., 2004). 1Gy: It is defined as the amount of 1 joule of en-
ergy given to 1 kg of a homogeneous substance exposed to ionizing radiation.
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1 krad=1 000 rad, 1 mrad=1 000 000 rad, 1 Gy=100 rad, 1 kGy=100 000 rad
(Kayaard1 and Gok, 1999; Unliitiirk et al., 1999; Anon., 2002).

The power of the radiation source is expressed in terms of its activity. The
unit of activity is Becquerel (Bq) and previously Curie (Ci) was used for this
purpose (1Bq=1 fragmentation/s, 1Ci=3,7 X10 10 Bq) (Topal, 1988, Unliitiirk
et al., 1999; Anon., 2004).

Gamma rays are produced from sources of Cobalt 60 (Co-60) and Cesium
137 (Cs-137). Co-60 is produced in a nuclear reactor by neutron bombard-
ment of naturally occurring Co 59. Although Co-60 sources are limited, it is
the most commonly used source (Lagunas-Solar, 1995; Anon., 1999).

Radioactive isotopes lose half of their activity over time. This half-life,
which is specific for each radioisotope, is 5.3 years for Co-60 and 30 years for
Cs-137 (Lagunas-Solar, 1995; Kayaardi and Gok, 1999, Anon., 2004).

The alpha, beta, gamma or X rays emitted by radioactive substances cause
the formation of electrically charged ions in the material they hit, so these rays
are called ionizing rays or ionizing rays. The most widely used ionizing ray in
food preservation is gamma rays (Unliitiirk et al., 1999).

Ionizing radiation has higher energy than non-ionizing light, microwave
and radio waves. Gamma rays have a wavelength of less than 100 nm and
have the highest penetration properties (Topal, 1988).

In order to prevent radioactivity in foods, the energy levels of the rays
used in irradiation are limited to 5 MeV for X-rays and gamma rays and 10
MeV for electrons by an international decision (Topal, 1988; Anon., 1999).

Everything in our environment, including food, contains trace amounts
of radioactivity. For example, a daily dietary intake of 150-200 Bq of natural
radioactivity from elements such as potassium is not considered objectionable
(Kayardi and Gok, 1999).

Irradiation dose is the amount of radiation energy absorbed by the food
during the irradiation process and is important for food quality and human
health (Unliitiirk et al., 1999).

Radapertization is irradiation applications of 10 kGy and above. It is
used as commercial sterilization. The vast majority of microorganisms are
destroyed. Radicidation is the application of low dose irradiation < 10 kGy to
reduce the load of non-spore forming pathogenic microorganisms. Raduriza-
tion (<1 kGy) is used to preserve the quality of food and extend its shelf life
(WHO, 1994; Anon., 2002).
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5. APPLICATION OF IRRADIATION TECHNOLOGY TO SEA-
FOOD

Irradiation is applied during the production and processing stages of sea-
food products. One of the modern methods used to extend the lifespan of
fish is radioactive irradiation. The microflora of fresh fish consists of psy-
chrophiles such as Pseudomonas, Achromobacter (Acinetobacter, Morexella),
Micrococcus and Flavobacterium, which play a primary role in the spoilage
of fish. As a result of the proteolytic activities of these microorganisms, there
is a high probability of histidine turning into histamine (decarboxylation) in
decomposed fish meat proteins. Accordingly, high levels of histamine, which
causes poisoning, may occur in many fish species, especially mackerel. lon-
izing rays are used to extend the shelf life of fish meat by reducing the micro-
organisms mentioned primarily in fish meat to a minimum level (Inal, 1992;
Varlik et al., 2004).

In many countries, research has been carried out on extending the fresh
preservation period of various fish species by irradiation method and their tox-
icological safety, and after the positive results, industrial application studies
have been started (Varlik et al., 2004).

The quality of fish meat preserved with radioactive rays changes. This
change depends on the type of fish, the dose of radioactive radiation, and
the method of radioactive radiation. Likewise, nutritional value losses vary
depending on the irradiation dose, temperature, air and nutritional composi-
tion. Irradiation of fish and fish products at very high doses causes changes
in protein molecules. If the applied irradiation dose is between 10-1000 kGy,
enzymes are inactivated. When irradiation is applied at less than 10 kGy, the
proteins in the structure of the fish are not damaged and the enzymes remain
active (Giilyavuz and Unliisayin, 1999; Varlik et al., 2004).

Irradiation should be applied in high doses and for a short time. Thus,
the oxidative effect of gamma rays on oily fish is reduced. As the irradiation
time increases, undesirable heating also occurs. Although fats decompose to a
certain extent during irradiation, proteins and propeptides do not tend to break
down. However, their fat bonds have a minimal effect (Inal, 1992).

Radioactive irradiation can be used in various forms. Even when relative-
ly low doses are used, a significant reduction of microorganisms is achieved.
However, very high dosage application is needed to sterilize fish and fish
products. An irradiation of 5x102 MGy applied for this purpose causes the
taste of fish or fish products to change as a result of the radiolysis products of
water forming compounds with amino acids. This flavor change disappears
again when the fish is kept in a drafty place for a long time or when it is
cooked or fried. This taste change is prevented by applying radiation in the
frozen environment (Inal, 1992; Bulduk, 2002).
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"D value" is used to determine the irradiation resistance of microorgan-
isms. D value is the expression of the irradiation dose required to kill 90%
of the microorganism population. Irradiation resistance varies depending on
the type of microorganisms, their growth optimum, the heat generated during
irradiation and the aw value of the environment where the microorganisms
are found. While Pseudomonas, which plays an important role in the spoilage
of fish, is sensitive to gamma rays, the resistance of Moraxella/Acinetobacter
group microorganisms is high. As a rule, Gram-positive bacteria such as Lac-
tobacilli, Micrococci and Corynebacteria show higher resistance to irradia-
tion than Gram-negative bacteria (inal, 1992).

The following points are important in terms of food hygiene in the suc-
cessful application of irradiation.

* Radioactive irradiation should be carried out on fishing vessels in order
to keep the initial number of microorganisms as minimal as possible.

* Placing irradiated fish in a cold chain as soon as they are delivered to
land.

With these applications, the lifespan of fish can be extended by 10-15
days. However, in order to maintain the positive effect achieved by irradiation,
hygiene conditions must be observed during cold storage of fish. Otherwise,
microorganisms arising from the crates in which the fish are placed, the ice
used and the personnel will cause the lifespan of the fish to decrease in the
future (Inal, 1992).

Microbiological safety in irradiated foods highlights the choice of this
technology. This becomes even more important especially in foods that are
sensitive to microbiological development, such as seafood and spices.

In our country; Raw fish, shellfish and their products (fresh or frozen) and
frozen frog legs can be irradiated at doses between 2-5 kGy in order to reduce
some pathogenic microorganisms, extend shelf life and control parasitic infec-
tions (Anon., 1999). However, for complete sterilization, very high doses of
irradiation are required (Varlik et al., 2004).

The effects of different irradiation applications between 1.5-10 kGy on
tilapias and Spanish mackerel on different structural components were exam-
ined and it was determined that the minimum strength period increased by 20
days at 2°C (Varlik et al., 2004).

Irradiated freshwater fish were stored at 1-3°C and their quality during
storage was examined. In the study, it was determined that increasing dosage
affected the shelf life positively. It has been reported that 2 kGy irradiation
causes 16% vitamin A and 13% vitamin D loss in fish (Varlik et al., 2004).

Clostridium botulinum is of particular importance in storing fish. Because

- 115



116 + Emine OZPOLAT, Bahri PATIR

the irradiation doses applied before storage are not sufficient to kill the spores.
However, if the fish are irradiated with 1-2 kGy and vacuum packaged and
then stored between 0 and 5 °C, Clostridium botulinum does not form toxin
(inal, 1992).

With an irradiation dosage of 2 kGy applied to crabs, these crabs can be
preserved at 4°C for 14 days, while unirradiated crabs can be preserved for
3 days. An irradiation of 2.20 kGy increases the shelf life of eels by 100%
(Varlik et al., 2004).

In studies conducted on experimental animals regarding the toxicological
safety of irradiated fish, it was determined that there was no negative effect on
live weight gain, feed consumption, mobility, tumor formation, organ weight,
reproduction, hematological and histopathological parameters due to the irra-
diation process (Ergin, 2006).

Application of gamma rays in combination with other protection methods
has also been tried. If the fish are lightly salted and then irradiated at doses
ranging from 2-4 kGy, the quality of the fish increases as a result of better inhi-
bition of the microflora. This application has no effect on the ripening process
of fish meat. It is possible to completely destroy bacillus spores by combining
irradiation and sterilization (Inal, 1992).

The combined application of food additives to fish along with irradia-
tion also extends their shelf life. It is known that low-dose sorbate application
along with low-dose irradiation of fish extends the shelf life (Ercin, 2006).

Cod fillets were packaged in a modified atmosphere (80:20 CO,:N,) and
vacuum before being irradiated with a dose of 2.2 kGy, and then stored at 4 °C.
While optimizing the storage period, TVC (total aerobic viable bacterial count)
was measured daily. The best results were obtained in the combined application
of radiation (irradiation) and modified atmosphere packaging (Er¢in, 2006).

6. CONTROL OF IRARATED PRODUCTS

The group that Germany is in is; Due to the difficulty of the control mech-
anism of irradiated products, there is concern that hygiene problems in third
world countries will be solved by irradiation practices on bad products, and
insistently emphasizes the need to inspect irradiated products with strict pro-
hibitions. In particular, strict controls and inspections are applied even in the
trade of spices, which are allowed up to a certain dose (maximum absorbed
total dose of 10 kGy). Especially for these products, very careful attention is
paid to the documents regarding the product origin, the institution irradiated,
the date and the amount of absorbed dose, and their relevant laboratory con-
trols. Various researches are being carried out on the analysis of irradiated
foods. Particularly, rather than the irradiation dosage of a food, analyzes have
been carried out on whether foods are irradiated or not, and in recent years,
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working groups have been formed in different countries on irradiation dosage
and research has been focused on this subject (Varlik et al., 2004).

There are some criteria that an ideal method that can be used to detect
irradiated foods should include (Varlik et al., 2004; Erel, 2006). These;

* Reliability

* Repeatability

* Accuracy and ability to make precise discrimination
* Sensitivity

* Measurement speed

* Dosage adherence

* Ease of application, practicality and simplicity

* Ease of calibration

* Lower costs

* It is made with internationally accepted instruments and measurement
systems.

The purpose of detection in irradiated foods; The increase and expansion
of international trade, the combined use of developing and changing food pro-
cessing technologies, differences in international legal regulations, monitoring
compliance with the label, and providing accurate and adequate information
to the consumer (Erel, 20006).

Demonstrating whether a food item has been treated with ionizing radia-
tion in accordance with the regulations is possible by determining the specific
changes that occur in the food item due to radiation. All diagnostic methods
are based on the principle of determining the physical, chemical and biologi-
cal changes that occur in foods with irradiation (Varlik et al., 2004).

Especially in this field, although there is no consensus on any method
in the European Union (EU) countries, four methods are mainly emphasized
(Varlik et al., 2004).

» Thermoluminescence (TL) analysis
* Electron Spin Resonance (ESR) Analysis

* Analysis of volatile components in oil using gas chromatography (GC)
or combined use of gas chromatography and mass spectrophotometry (GC/
MS).

* Analysis of ortho-tyrosine by high pressure liquid chromatography
(HPLC) method
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CONCLUSION; This technology, recommended and supported by the
World Health Organization (WHO) for safety and health, has its own advan-
tages and disadvantages. Although its investment cost is relatively high at first,
it is a superior technology in terms of both human health and food protection.
Irradiation technology, which is a method that has a very wide-ranging effect
and that microorganisms cannot resist, does not leave chemical residue and
does not require waiting time after application. This method, which extends
the shelf life of food, is a technology that does not change sensory properties.
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INTRODUCTION

Safflower (Carthamus tinctorius L.), from the Asteraceae family, boasts
multiple uses: oilseed, ornamental, feed, medicinal, and natural dye. (Yilmaz
etal., 2023). Carthamus is a genus of 25 species found all over the world, and
the only cultivated safflower is Carthamus tinctorius L. (Figure 1), which is
one of the 25 safflower species (Singh and Nimbkar, 2006). Because it is a
drought-resistant plant, safflower has been successfully produced in places
with relatively low temperatures.

Figure 1. Beginning of flowering in safflower (Carthamus tinctorius L.) (Yozgat,
Tiirkiye)

Safflower thrives in diverse climates, with disperse areas in China, India,
South Asia, the Mediterranean Basin, the Nile Valley, and Ethiopia (Gomashe
et al., 2021). Kazakhstan, Russia, the United States of America, India, Mexi-
co, Argentina, Tanzania, China, and Tiirkiye are the top producers of safflower
(FAO, 2022). Safflower has a long history of use, first prized for its vibrant
dyes (safflower yellow and red) and medicinal benefits found in its petals. One



International Research and Reviews in Agriculture, Forestry and Aquaculture Sciences

of the other uses of the petals is as a tonic tea. The 1920s marked a turning
point when its seeds were recognized for their rich oil content, sparking re-
search into oilseed varieties and ultimately new cultivars bred for optimal oil
production (Emongor, 2010; Pearl and Burke, 2014). After the possibility of
the plant being used as an oilseed crop was found, the plant began to be culti-
vated in wider areas. The oil content of safflower seeds varies between 11.5%
and 47.5% (Li and Miindel, 1996).

Safflower oil includes a high concentration of polyunsaturated fatty acids,
such as linoleic acid and tocopherol, which are used for both medical and di-
etary purposes (Khalid et al., 2017). Additionally, saflower oil is a significant
source of phenols that have significant anti-aging and antioxidant properties
and are used in cosmetics (Zemour et al., 2019). Also, oil contain rich compo-
sition of vitamins and phospholipids, which makes the oil is valuable source
of vegetable oil (Mursalykova et al., 2023).

The global per capita consumption of vegetable oils was approximately
15 kg in 2008, around 18 kg in 2018, and is expected to reach 20 kg/capita by
2030. Developed countries have the highest oil consumption per capita. In the
United States, per capita vegetable oil consumption was 35 kg in 2008, 37 kg
in 2018, and is expected to reach 40 kg by 2030. Another developed country
in China, the situation is similar, with per capita vegetable oil consumption
below 20 kg in 2008, reaching 27 kg in 2018, and expected to approach 30 kg
by 2030. Vegetable oil consumption per person in the least developed coun-
tries was 6-7 kg in 2008, 7-8 kg in 2018-20, and is predicted to stay below 10
kg by 2030 (Anonymous, 2023a). It is seen that developed countries have 3-4
times more per capita consumption than developing countries. Vegetable oils
are increasingly in demand.

In 1995, global consumption of vegetable and animal fats were 92.9 mil-
lion metric tons, increasing to 204.3 million metric tons in 2015 and reach-
ing 208.8 million metric tons in 2021-22 (Mielke, 2018; Anonymous, 2023b).
Over a 25-year period, consumption has increased by more than double.

Growing populations, a shortage of arable land, and a persistent rise in the
demand for food motivate us to use resources more wisely and efficiently. Not
only are agricultural areas decreasing, but the optimum conditions for plants
to grow are also deteriorating. In order to ensure food security, it is necessary
to diversify plant pattern and to bring plants that can be productive in arid
areas to agricultural production. Among these plants stands the safflower, an
underutilized crop with immense potential for diversifying food production
(oil, dye, feed value, and medicinal properties).

This study provides data on safflower production in the world and Tiir-
kiye between 2000-21 and examines the last 21 years of safflower production
in the world.
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Trends and Dynamics of World Safflower Production in 2000-2021

Table 1 shows the area of safflower production, yield, and total production
for the years 2000 to 2021, as well as their changes from the previous years.

Table 1. Worldwide safflower production between 2000 and 2021 years (FAO, 2023)

Total
Change*  Yield  Change* . Change®
Years Area (ha) (%) (kg/ha) (%) PI‘Od(ltl)Ctlon (%)
2000 868.008,00 - 751,7 - 652.439,76 -
2001 813.893,00 -6,23 687,0 -8,61 559.180,75  -14,29

2002 696.352,00 -14,44 755,0 9,90 525.736,72 -5,98
2003 849.410,00 21,98 802,7 6,32 681.806,67 29,69
2004 926.939,00 9,13 686,0 -14,54 635.878,73 -6,74
2005 804.485,00 -13,21 724,6 5,63 582.954,6 -8,32
2006 705.824,00 -12,26 764,7 5,53 539.736,84 -7,41

2007 753.910,00 6,81 837,9 9,57 631.692,72 17,04
2008 763.876,00 1,32 835,8 -0,25 638.420,51 1,07
2009 823.533,00 7,81 806,5 -3,51 664.145,77 4,03
2010 834.835,00 1,37 796,2 -1,28 664.723,09 0,09

2011 804.102,00 -3,68 843,5 5,94 678.277,88 2,04
2012 968.587,00 20,46 871,4 3,31 843.989,55 24,43

2013 896.898,00 -7,40 804,6 -7,67 721.634,48  -14,50
2014 893.054,00 -0,43 818,2 1,69 730.653,03 1,25
2015 1.053.750,00 17,99 783,2 -4,28 825.333,17 12,96

2016  1.169.705,00 11,00 810,3 3,46 947.784,78 14,84
2017 861.523,00 -26,35 853,8 5,37 735.560,8 -22,39

2018 654.947,00 -23,98 929,1 8,82 608.490,35  -17,28
2019 648.327,00 -1,01 903,7 -2,73 585.920,94 -3,71
2020 786.083,00 21,25 837,3 -7,35 658.221,25 12,34

2021 850.431,00 8,19 742,0 -11,38 631.051,6 -4,13

Source: FAO, 2023, * This implies calculating change based on previous year value

In 2000, safflower production was around 652.000 tons of safflower seeds
on a total area of 868.000 hectares. The same year, the yield per hectare was
around 751 kilograms, as shown in Table 1. The lowest yield was 686 kilo-
grams per hectare in 2004, and the highest yield was 929.1 kilograms per
hectare in 2018. When the world safflower production data between 2000 and
2021 are examined, it is seen that there is no significant change in safflower
production and yield. The highest cultivated area and production values were
obtained in the years 2015-2016. In the following years, it balanced again and
fell back to the planting and production levels of the 2000s. Between 2000 and
2021, the global average yield of safflower production was 802.05+62.70 kg/
ha. These findings indicate that during the past 20 years, safflower’s genetic
advancement has not risen to an adequate level.
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Figure 2. Safflower cultivation area in the top five producing countries, 2000-2021
(FAO, 2023).

When the safflower cultivation areas in India between 2000 and 2021
are examined, it is seen that the cultivation areas are decreasing (Figure 1).
In 2000, safflower cultivated area in India was 438.500 hectares which are
accounts for half of the areas where safflower is cultivated. By 2021, this area
had decreased to 46.467 hectares. The cultivated area of safflower has fallen to
about one-tenth of what it was in 2000. This significant reduction in cultivated
areas over a 21-year period is an important indicator. The area of safflower
cultivation in the United States of America decreased from 79.724 hectares in
2000 to 54.630 hectares in 2021. Despite fluctuations in the area of safflower
cultivation over a 21-year period, the trend has remained stable and safflower
cultivated area has not fallen below a certain level. Safflower cultivation area
in Kazakhstan increased from 75.000 hectares in 2000 to 367.970 hectares in
2021. There have been fluctuations in safflower cultivation areas in Kazakh-
stan, but the general trend has been an increase in cultivation areas. Kazakh-
stan is also the most important safflower producer in the world. Although there
was a decline in cultivation areas, India was the leading producer of safflower
from 2000 to 2010. With the continuation of the decline in cultivation areas,
India lost its position as the leading producer of safflower to Kazakhstan in
2011-2015. The increase in safflower cultivation areas in Russia in 2015-2016
brought Russia to the top, but the lack of continuity in safflower production in
the following years prevented this situation from lasting long, and Kazakhstan
regained its position as the leading producer. The continuation of the produc-
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tion increase in Kazakhstan has ensured that Kazakhstan has maintained its
position as the leading producer in recent years. Mexico is one of the countries
where the area of safflower cultivation is shrinking. In 2004, it became the sec-
ond largest producer of safflower after India with a cultivation area of 212.000
hectares. However, the area of cultivation did not increase significantly in the
following years, and in recent years, it has decreased significantly to 31.095
hectares.
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Figure 3. Safflower Yield (kg/ha) of Top 5 Producing Countries, 2000-2021 (FAO,
2023)

Figure 3 shows the yield values of the 5 countries that cultivated the most
safflower in kilograms per hectare between 2000 and 2021. In comparison
with other oilseed crops, safflower yield per hectare is relatively low. The
United States had the most efficient safflower cultivation among the top 5 saf-
flower-producing countries between 2000 and 2010. In these years, the aver-
age safflower yield of the United States was 1.500 kg per hectare. In the 2011-
2018 period, safflower production in the top 5 countries producing the most
safflower exceeded 2.000 kg per hectare. Although there has been a decline
in safflower yield per hectare, Mexico has been the most efficient producer
among the top 5 countries in recent years. Despite being among the top 5
producers, India, Kazakhstan, and Russia have relatively low safflower yields
per hectare.

Table 2 shows the producer prices per ton for safflower in some countries
that produce it, listed in US dollars (USD/ton).
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Table 2. The producer prices of some countries that produce safflower (USD/ton)
Years/Price The United

Kazakhstan  States of India Mexico China Tiirkiye
(USD/Tonne) .
America

2000 - 234,00 - 170,30 - -

2001 - 240,00 236,40 140,70 - 113,59

2002 - 269,00 - 184,50 - 126,88

2003 - 302,00 322,00 210,60 - 140,65°

2004 - 267,00 342,00 208,60 - 208,832

2005 - 273,00 354,90 207,00 - 230,48

2006 141,50 298,00 345,40 214,50 - 345,75¢

2007 152,90 410,00 - 216,10 - 433,10°

2008 189,90 547,00 379,30 333,00 1.100,70 323,12¢

2009 189,80 377,00 - 310,60 1.142,00 359,74¢

2010 182,30 379,00 - 343,80 1.063,50 365,09°

2011 213,00 538,00 - 450,20 1.680,70 357,120

2012 222,60 608,00 - 459,60 1.314,90 399,58

2013 253,30 615,00 - 442,60 887,70 361,04

2014 213,30 551,00 - 401,30 - 316,07¢

2015 187,60 540,00 - 336,60 - 314,33¢

2016 132,10 456,00 - 326,90 - 113,59°

2017 140,60 410,00 - 295,90 - 267,10

2018 144,60 448,00 - 346,70 - 246,00

2019 147,00 434,00 - 362,20 - 303,70

2020 178,00 470,00 - 368,40 - 343,70

2021 190,30 562,20 - 402,50 - 359,20

Source: FAO, 2023, ? Producer prices were calculated using the Turkish statistical Institute (TUIK) data
for that period and the average dollar exchange rate announced by the Central Bank of Tiirkiye.

When the prices given in Table 2 are examined and inflation is added to
the prices over the years, it is seen that the prices are not stable. In fact, it is
seen that prices have fallen dramatically in some years. Producers want to
know how much they can sell their products for on an annual basis, there-
fore they are cautious about planting products that do not have price stability.
Reasons such as safflower producer prices not rising enough, the increase re-
maining below inflation, government support not being sufficient, or earning
less profit compared to other oilseeds are driving farmers away from safflower
cultivation. Diversifying production is important for the sustainability of food
supply. Therefore, incentives that can provide profits at the level of other oil-
seed crops should be given to safflower production.

Tiirkiye Safflower Production in 2000-2021

Table 3 shows the cultivated area of safflower, yields (kg/ha), and total
production (t) quantities in Tiirkiye, as well as their increases or decreases
compared to the previous year. While safflower cultivation only limited with
30 hectares in 2000, it peaked at 43.935 in 2014 within the 2000 to 2021.
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Table 3. Tiirkiye safflower production between 2000 and 2021 years (TUIK, 2023)

. Total Percentage
Years Area (ha) gﬁ;fg:?é: ) (:glflllc;) (I;’le:;:leglzt?‘g:) Production Change
© (%)

2000 30 0 600,00 0 60,00 -
2001 35 16,67 714,30 19,05 71,43 19,05
2002 40 14,29 625,00 -12,50 62,50 -12,50
2003 250 525,00 680,00 8,80 68,00 8,80
2004 165 -34,00 910,0 33,82 150,00 120,59
2005 173 4,85 1240,0 36,26 215,00 43,33
2006 430,5 148,84 920,0 -25.81 395,00 83,72
2007 1.694,1 293,52 1350,0 46,74 2.280,00 477,22
2008 5.384,6 217,84 1310,0 -2,96 7.068,00 210,00
2009 21.514,9 299,56 930,0 -29,01 20.076,00 184,04
2010 13.497,8 -37,26 1930,0 107,53 26.000,00 29,51
2011 13.164,4 -2,47 1380,0 -28,50 18.228,00 -29.,89
2012 15.589,8 18,42 1280,0 -7,25 19.945,00 9,42
2013 29.259.9 87,69 1540,0 20,31 45.000,00 125,62
2014 43.935,0 50,15 1410,0 -8,44 62.000,00 37,78
2015 42.793,1 -2,60 1640,0 16,31 70.000,00 12,90
2016 39.352,0 -8,04 1470,0 -10,37 58.000,00 -17,14
2017 27.376,2 -30,43 1830,0 24,49 50.000,00 -13,79
2018 24.693,2 -9,80 1420,0 -22,40 35.000,00 -30,00
2019 15.859,9 -35,77 1380,0 -2,82 21.883,00 -37,48
2020 15.114,1 -4,70 1410,0 2,17 21.325,00 -2,55
2021 14.4522 -4,38 1120,0 -20,57 16.200,00 -24,03

In Tiirkiye, safflower production was carried out on 30 hectares of area in
2000, while the production area increased to 14,452 hectares in 2021 (Table
2). Safflower cultivation areas increased between 2000 and 2009 (excluding
2004). Between 2010 and 2015, there were increases and decreases in safflow-
er cultivation areas, but the total production area increased. However, after
2015, there has been a significant decrease in cultivation areas. In compari-
son to the world average safflower yield, Tiirkiye is above the world average.
Safflower yields in Tiirkiye have increased significantly over the years. For
example, the yield increased from 600 kg/ha in 2000 to 1,930 kg/ha in 2010,
for an increase 0f 321.67%. The average yield of safflower in Tiirkiye between
2000 and 2021 was 1231.33+£376,26 kg/ha. The Tiirkiye average safflower
yield is 53.52% higher than the world average. The highest production quan-
tity was reached in 2015 with 70,000 tons. Between 2014 and 2021, the area
of safflower cultivation in Tiirkiye had decreased by almost four times. In ad-
dition, the cultivated area has continued to decrease after 2014 and safflower
cultivated areas have regularly narrowed. Although the total production quan-
tity reached 70,000 tons in 2015 due to the increase in yield per hectare, the
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total production volume fell to 16,200 tons in 2021. In 2000, the safflower
seed yield per hectare was 600 kg. It reached its highest value of 1.930 kg
per hectare in 2010. It is thought that this increase was caused by the rise in
farmer culture, the introduction of new varieties to agriculture, and the sup-
port of safflower cultivation with irrigation in some parts of cultivated area. In
Tiirkiye, safflower yield was below the world average in 2000. However, since
2014, Tiirkiye’s safflower production has been consistently above the global
average. The improved safflower productivity above the world average is due
to factors such as the development of new varieties (better adapted varieties to
Tiirkiye climate), better agricultural practices, favorable weather conditions,
and the start of cultivation in better fields instead of very unproductive areas
in the beginning.

CONCLUSION

Safflower is a neglected crop. Although it is a multipurpose plant, produc-
tion areas have remained limited. There could be several reasons for narrowed
cultivated area of safflower. Some key factors are given below.

e The initial development process of the safflower plant is quite slow,
especially during the 4-leaf stage, the plant's growth slows down and root
development is prioritized, therefore the plant's competition with weeds is dif-
ficult in the early period. The majority of weeds grow taller than the safflower
crop and compete with it for nutrients, sunlight, and soil moisture, which caus-
es the weeds to outcompete the safflower crop and reduce yield (Gomashe et
al., 2021).

e Safflower permits the pre-plant application of very few chemical her-
bicides to control a wide range of grasses and weeds (Gomashe et al., 2021).

e The quality of the soil, whether condition, and the management tech-
niques used can all affect safflower yields. Because of its volatility, farmers
may find other, more stable crops more appealing (Afzal et al., 2021; Abou
Chehade et al., 2022)

e In many parts of the world, safflower is grown on marginal lands. This
prevents the safflower plant from fully reflecting its genetic potential and re-
sults in low yields. In addition, the fact that safflower yields are lower than the
yields of other crops when grown on marginal lands is discouraging farmers
from growing safflower. (Eroglu and Demir, 2021).

e Although there seems to be no market problem for safflower seed,
local producers are struggling to sell their products.

e Safflower producer prices fluctuate and sometimes increase less than
the inflation rate. In some years, they also experience sharp declines. Farmers
are reluctant to plant products that do not have price stability.
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o Safflower cultivation should be expanded to include the collection of
flowers, not just seeds. This would increase the value of the crop and make it
more profitable. Various harvesting machines are being developed to make it
easier to collect safflower flowers.
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Introduction

Cereals, the most commonly cultivated and produced plant product, make
up 75% of all calories and 67% of all proteins used by humans (Newfood,
2023). There is no doubt that cereal grains are one of the most important
sources of energy, carbohydrates, and proteins in the world. In the current esti-
mation, 41% of cereals are used for human consumption and 35% are used for
animal feed (Poutanen et al., 2022) . As incomes have risen, preferences have
changed, and urbanization has resulted in a dietary diversity that accounts for
just 37% of calories from grains. In the 2015 OECD-FAO Agricultural Out-
look, 71% of agriculture is still supplied in underdeveloped countries, while
54% is supplied in other developing countries. As well as providing us with
dietary energy, they also provide us with most of our nutrients. It is composed
primarily of carbohydrates (65-75%), primarily starches (65-75%), and pro-
teins (6-15%); fats (1-5%); contributing over 50% of the world’s energy sup-
ply (Sarwar et al., 2013; Pawar et al., 2017).

As much as 70-80% of total dietary calories are provided by cereals in
developing Asian countries following rice-based diets; meanwhile, just 20-
30% of total dietary calories are supplied by cereals in high income countries
following livestock-based diets (Alexandratos & Bruinsma, 2012). In Eu-
rope, cereals and cereal products contribute 40% of energy to the average diet
(Nagyova et al., 2009).

As one of the most grown agricultural products in the world, rice ranks
third after corn and sugarcane with 787293867.41 tons (FAO, 2023) Globally,
rice plays a crucial role in human nutrition. Rice is the first cultivated plant in
the world, the most widely cultivated and produced crop, with good nutrition-
al value, and is easy to store and process. Since rice is so adaptable and easy
to produce, it is a staple food in many countries around the world.

Crop yield is reduced as a result of pests, causing economic losses. It
is possible for weeds to destroy the entire crop, which can result in a loss of
yield (up to 34%). Furthermore, pests can reduce the quality of the crop as
well as reduce its yield. The yields of spring wheat (Triticum aestivum), rice
(Oryza sativa), corn (Zea mays), potato (Solanum tuberosum), and soybeans
(Glycine max) can be significantly reduced by weeds. As a result of insects
and plant diseases, yield losses are lower but still significant (18% for insects,
16% for plant diseases (Oerke, 2006)). Crops are more likely to be suppressed
by weeds since they compete with light, moisture, nutrients, and space. De-
pending on the product type, it can cause a loss of 10% to 90% in yield. It is
estimated that rice loses up to 90% of its total yield (Amare & Raghavaiah,
2015). The management of weeds is challenging, complex, expensive, and
regulated in rice, making it one of the major biological threats to higher rice
yields. In order to control the diverse weed infestation in rice fields, weed
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management strategies need to be planned (Singh et al., 2020).

Herbicides effectively controlled the weed population and lowered weed
dry matter production. It increased slowly toward the maturity of the crop
because they suppressed weed populations at the early stages of crop growth
due to their broad spectrum activity, which controlled the majority of weed
species (Hussain et al., 2008).

It is stated that 7-49, 15-73, or 70 days after emergence is the crucial
period for combating weeds in rice plants, which are especially susceptible to
weed competition from the first germination (Juraimi et al., 2009; Anwar et
al., 2012). To ensure rice plant productivity, it is therefore vital that weeds do
not compete with them during their critical periods, as rice plants are sensitive
to competition from the beginning of their development.

Herbicides used in crop cultivation today are selective herbicides, which
kill weeds but are safe for crops. Such herbicides are often only selective
for a particular crop or group of crops, and their selectivity depends on the
crop’s natural tolerance to the herbicide. In contrast, this tolerance may not
be universal among all crop species, but may differ among cultivars, thereby
limiting its application.

There are some weed species that are not controlled by selective herbi-
cides because their effectiveness is not broad-spectrum. It was only in recent
years that herbicide-resistant crops (HRCs) were developed that allowed her-
bicides to be used on crops that have no natural tolerance for herbicides, but
are capable of resisting them. For this method, nonselective compounds are
used mostly to control a wide variety of weed species (Green, 2012; Gage et
al., 2019). Rice, sugar beet, and oilseed rape are being developed with resis-
tant cultivars. There is no doubt that this technology has great potential. The
rapid increase in acreage of herbicide-resistant crops indicates farmers’ ac-
ceptance of it. Despite the popularity of this new tool for weed control, there
are still debates about its pros and cons (Hurle & Petersen, 2000). As water
and labour scarcity increases in rice farming areas, direct seeding rice culti-
vation is becoming more common, thereby making the management of weeds
more challenging. Weeds can be effectively managed by using broad spectrum
non-selective herbicides. In order to advocate the use of these herbicides, rice
genotypes must be capable of tolerating broad-spectrum non-selective her-
bicides. Since the introduction of broad-spectrum, total herbicides for weed
control, new resistant weeds have developed and spread around the world,
posing a serious threat to high-value HR crops (Peterson et al., 2018).

On the other hand, herbicide-resistant weeds evolve through selection
pressure resulting from various weed management practices. It is essential
to use weed management practices to reduce selection pressure in order to
preserve new traits. There is a great deal of concern over the heavy use of her-
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bicides for weed control in agriculture, the environment, and human health.
As herbicides are overused, herbicide-resistant weeds may evolve, a threat to
crop production that has increased in incidence globally (Heap, 2014).

So far, 184 cases of weeds developing resistance to herbicides have been
reported in rice cultivation (HRAC, 2023) Especially Echinochloa species has
evolved resistance to many herbicides including propanil, quinclorac, bispyri-
bac—sodium, penoxsulam, atrazine, pendimethalin, thiobencarb, butachlor,
clomazone and glyphosate (Malik et al., 2010; Goh et al., 2016; HRAC, 2023).

According to data from the herbicide resistance action committee, 56
weed species found in the rice crop have evolved resistance to various herbi-
cides (HRAC, 2023).

Somerville et al. (2017) found that pre-emergence herbicide resistance
evolved more slowly than post-emergence herbicide resistance, and soil-ap-
plied herbicide mixtures could slow resistance evolution even further (Busi et
al., 2020).It has been shown that soil-applied herbicides, simplified rotations
or a lack of rotation can lead to resistance evolution (Busi et al., 2019); a de-
crease in concentrations of single applications may allow herbicide-resistant
weeds to emerge as the rate of pre-emergence herbicide dissipates in the soil
over time (Wuerffel et al., 2017).

The management of resistance should therefore include other strategies
in addition to herbicides applied pre- and post-emergence. According to his-
torical experience in selecting herbicide-resistant weeds, herbicide resistance
is inevitable when herbicides provide the only weed control option (Shaner,
2017).

While using herbicides with different sites of action (SOA) in combina-
tion, ideally in a mixture, is an effective practice, also using them in rotation as
part of a weed management program can slow the development of resistance
in some cases.

Through natural or mechanical means, herbicide resistance may devel-
op, and it may impact management beyond cropping systems. The following
tables present the most recent pre-emergence and post-emergence herbicides
developed (Table 1-2).
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Table 1. Pre-sowing and pre emergence herbicides, active ingredient, formulation

and mechanism of action.

Pre-sowing and pre-emergence herbicides in rice

Active Ingredient

Trade Name

Formulation

Mechanism of Action

Anilophos %30 Anilourus EC Cell division inhibitors
B1§pyr1bac sodium + Solo oD Ace.to.lactate Synthase (ALS)
Thiobencarb Inhibitor
Clomazone 480 g/L Clomazone EC Pigment Inhibitors
Foramsulfuron 2.25% Equip OD ALS Inhibitors
Amino  Acid  Synthesis
+ +
Glyphosate Glyphosate 1. Thibitors + Lipid Synthesis
Thiobencarb Bolero -
Inhibitors
. Lipid synthesis (Seedling,
Molinate Ordram EC Shoot) inhibitor
Mesotirone 3.75% + S Pigment
Metolachlor 3.75% +|Lumax SE Inhibitors + Growth Inhibitors
Terbuthylazine 12.5% + Photosystem II Inhibitors
Nicosulfuron 4 % Cruz SC ALS Inhibitors
Nicosulfuron 37.5 % + . -
Rimsulfuron 37.5 % Ultima WG ALS Inhibitors
Nicosulfuron %4 + Cruz + ALS Inhibitors +
Bromoxynil 20%+ 20% Broiloci de EC Photosystem II Inhibitors +
MCPA Synthetic Auxins
Goal 2XL, Cell Membrane (PPO)
Oxyfluorfen Galigan EC Inhibitors
Oxidiazon Ronstar GR Cel.l Membrane (PPO)
Inhibitors
Pendimethalin 5% Pendimethalin |G Growth Inhibitors
Pendimethalin + RiceOne cs Gr().vx{th Inhibitors + Pigment
Clomazone Inhibitors
Pendimethalin + | Prowl H20 3.8 CS + EC Growth Inhibitors + Lipid
Thiobencarb + Bolero Synthesis Inhibitors
Pretilachlor N Inhibiton of Cell Divisiont+
. . Solito 320EC |EC Acetolactate Synthase (ALS)
Pyribenzoxim o
Inhibitor
Propyrisulfuron 10% Sumo SC Ace.t(?lactate Synthase (ALS)
Inhibitor
Pyrazosulfuron-ethyl Sirius WP Acetolactate Synthase (ALS)

10%

Inhibitor
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Facet 75 DF or

1 0,
Quinclorac 75% Facet L EC Growth Regulators
Quinclorac + | Facet 75 DF + cs Growth Regulators + Growth
Pendimethalin Prowl H20 3.8 Inhibitors
. . Facet 75 DF + Growth Regulators + Lipid
+ +
Quinclorac + Thiobencarb Bolero 8E EC+EC Synthesis Inhibi-tors
S-metolachlor 290g/ 1 +|Pride 100 -+ e Growth Inhibitors +
Atrazine 370 g/l 660 SC Photosystem II Inhibitors
Thiobencarb Bolero 8E EC Lipid Synthesis Inhibitors
Herbicides For Tolerant Rice
Willowood Amino Acid Synthesis
Imazethapyr Imazethapyr|SL o
Inhibitors
2SL
Imazamox Beyond SL Cell Membrane Disrupters
Quizalofop-P-ethyl Provisia 0.88 |EC Lipid Synthesis Inhibitors

Table 2. Post-emergence herbicides, active ingredient, formulation and mechanism

of action.

Post-emergence herbicides in rice

. Azimsulfuron Amino Acid Synthesis
V)
Azim sulfuron %50 50%Wdg WG Inhibitors
Bensulfuron Londax DF Ac?tqlactate Synthase (ALS)
Inhibitor
Bispyribac-Sodium %10 Bi spyri bac- e Ace?tqlactate Synthase (ALS)
sodium Inhibitor
. Growth (Long-chain Fatty
Butachlor Sonic 60 EC Acid) Inhibitors
Bentazon Basagran SL Photo synthesis (II) Inhibitors
Benzobicyclon Rogue SC PSI inhibitors
Benzobicyclon + PSI  inhibitors +  Cell
Halosulfuron Butte GR Membrane (PPO) Inhibitors
. PSI  inhibitors + Photo-
+
Butachlor + Propanil Advance EC synthesis (II) Inhibitors
Cell Membrane  (PPO)
Carfentrazone-Ethyl Shark H20 WG inhibitor
Disrupters
. . Cell Membrane (PPO) inhibi-
+ +
Carfentrazone Aim 2 + Permit EC+WG |tor + Cell Membrane (PPO)
Halosufuron 75 C
inhibitor
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Carfentrazone + Quin

Aim 2 + Facet

Cell Membrane (PPO) inhibi-

cloac 75 EC + DF tor + Inhibitor + Photo-
synthesis (II)
Clomazone Cerano 5 MEG |G Pigment inhibitors
Copper Sulfate | Copper Sulfate
Pentahydrate Crystals GR Into water
Cyhalofop Clincher CA  |EC Lipid * Synthesis = (ACCase)
inhibitor
Fenoxaprop Ricestar HT EC Llp} d. Synthesis - (ACCase)
inhibitor
Fentrazamide + Propanil | Lecspro GR Unknown
Florpyrauxifen-Benzyl Loyant CA EC Growth Regulators
Halosulfuron Sandea DF Acgqlactate Synthase (ALS)
Inhibitor
Halosulfuron +|Permit Plus 75 Act?t(?lactate Synthase (ALS)
Thifensul furon WG WG Inhibitor +  Acetolactate
o Synthase (ALS) Inhibitor
Halosulfuron + | Gambit 79 Ace;tqlactate Synthase (ALS)
Prosulfuron WDG WDG Inhibitor +  Acetolactate
Synthase (ALS) Inhibitor
Cell Membrane (PPO) inhibi-
Ig[lflts:ilnfllilrr(z)l; * Almix 20 WP tors + Acetolactate Synthase
(ALS) Inhibitor
Orthosulfamuron Strada 50 WG Acejtqlactate Synthase (ALS)
Inhibitor
Acetolactate Synthase (ALS)
g;ﬁgiﬁj&umn * Strada PRO 54 | WG Inhibitor +  Acetolactate
Synthase (ALS) Inhibitor
Acetolactate Synthase (ALS)
+
83;2?‘;21“”“ Strada XT2 70 |WG Inhibitor + Photo-synthesis
(I) Inhibi-tors
Penoxsulam Granite SC, GR Acc?tqlactate Synthase (ALS)
Inhibitor
Acetolactate Synthase (ALS)
Penoxsulam + Cyhalofop |Rebel EX SC +EC Inhibitor + Lipid Synthesis
(ACCase) inhibitor
. Acetolactate Synthase (ALS)
Penoxsulam + Triclopyr | Grasp Xtra SC +EC Inhibitor + Growth Regulators
Penoxsulam + .. Acetolactate Synthase (ALS)
+
Florpyrauxifen-benzyl Novixid SC+EC Inhibitor + Growth Regulators
Propanil gt/z;m 80 EDF- DF Photo-synthesis (II) Inhibitors
Propanil + Acifluorfen Propanil + Ultra | DF + SL Photo-synthesis (II) Inhibitors
Blazer + Cell Membrane (PPO)

inhibitor
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Permit 75

Propanil + Bentazon Propanil +|DF + SL Photo synthesis (II) Inhibitors
Basagran + Photo synthesis (II)
Inhibitors
Propanil + Bensulfuron Propanil +|DF + DF Photo-synthesis (1) Inhibitors
Londax 60 +  Acetolactate  Synthase
(ALS) Inhibitor
Propanil + Halosulfuron | Propanil +|DF + DF Photo-synthesis (I) Inhibitors
Permit +  Acetolactate  Synthase
(ALS) Inhibitor
Propanil + Pendimethalin | Propanil +|DF + CS Photo-synthesis (1) Inhibitors
Prowl EC + Growth Inhibitors
Propanil + Thiobencarb Propanil +|DF + EC Photo-synthesis (II) Inhibitors
Bolero 8E + Lipid Synthesis Inhibitors
Propanil + Triclopyr Propanil +|DF + SL Photo-synthesis (II) Inhibitors
Grandstand + Growth Regulators
Quinclorac + Cyhalofop [Facet 75 +|DF+EC Growth Regulators + Lipid
Clincher Synthesis (ACCase) inhibitor
. Facet 75 + Growth Regulators + Lipid
Quinclorac + Fenoxaprop Ricestar HT DF +EC Synthesis (AgCCase) inhibi‘][por
Photo-synthesis (II) Inhibi-
Quinclorac + Propanil Facet . (R DF + DF tors + yPhoto—syflt}zesis (I1)
Propanil .
Inhibi-tors
Bispyribac-
Bispyribac + Quinclorac sodifni/ + Facet|SC + DF Ace.tqlactate Synthase (ALS)
75 Inhibitor
Saflufenacil Sharpen WG .Cel.l . Membrane  (PPO)
inhibitors
Thiobencarb Abolish 8 EC Lipid Synthesis Inhibitors
Triclopyr Grandstand CA | EC Growth Regulators
. . Grandstand 3 + Growth Regulators + Cell
Triclopyr + Acifluorfen Ultra Blazer SL+SL Membrane (I%PO) inhibigtor
. Grandstand 3 +
Triclopyr + Halosulfuron SL+WG | Growth Regulators +

Discussion

A chemical weed control method is always more cost-effective than other
weed control methods, perhaps because there is less cost involved in chemical
treatment per unit of yield. A major problem in agriculture are weeds that take
up a lot of resources and compete with crops for resources (light, nutrients,
water, air, etc.). It has always been a major problem to control weeds in rice
crops because weeds that compete with rice crops from germination lead to a
significant decline in crop yield and quality, reducing the crop’s profitability
and productivity. It is most efficient and effective to manage weeds through
the use of herbicide applications so that they are controlled in an econom-
ical, quick, efficient, and reliable manner. Because rice is grown in diverse
agricultural ecosystems, weed communities and species associated with rice
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fields vary greatly. Therefore, the use of a single herbicide cannot provide
satisfactory and cost-effective results in weed control. Integrated strategies,
monitoring of various weed flora, identification of weeds and selection of ap-
propriate herbicides are required during the critical period of chemical weed
management. Regular monitoring and early detection of the development and
mechanism of herbicide resistance is necessary. It is extremely important to
adopt appropriate management strategies regarding herbicides. Proper timing
of herbicide application, optimal dosage and careful selection of herbicide-re-
sistant varieties are also essential to ensure effective chemical weed control.
Regular surveys should be conducted to evaluate the efficacy of chemical
weed control strategies.

Conclusion

Rice cultivation is economically dependent on weed control. During the
early stages of the growing season, most weeds compete against each other.
Several methods of weed control are used by farmers, but they are time-con-
suming and expensive. Furthermore, weeds will not be controlled by a sin-
gle herbicide applied before planting and before emergence. Several herbi-
cide applications along with two or three herbicides may be more effective
at controlling weeds when appropriate climate and management practices
are observed. It is possible to mix herbicides to prevent the development of
herbicide resistance and to prevent herbicides from drifting and damaging
non-target plants as well. Choosing the right PRE-herbicide application and
post-herbicide combinations will be critical to controlling weeds in adverse
weather and environmental conditions. A combination of weed management
practices and post-emergence herbicides will ultimately be an effective tool
in managing weeds and improving rice production. As a guarantee of delay-
ing resistance and ensuring effective weed control, it is important to discuss
the use of pre-emergence and pre-planting herbicides and the application of
herbicide mixtures and rotations to weed control systems in order to maintain
weed resistance and biodiversity. In addition, the use of integrated weed man-
agement strategies such as crop rotation, cultural practices, and mechanical
methods is also important. These strategies should be tailored to the local
conditions to maximize weed control and minimize environmental impact.
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1. INTRODUCTION

Tapeworms (Cestoda) are one of the major groups of parasitic flatworms
as a part of the phylum Platyhelminthes. They are currently classified in 19
orders with almost 5000 species in all groups of vertebrates including humans
with about 1000 species parasitizing elasmobranchs and almost 500 occurring
in teleost fishes as adults (Caira and Jensen, 2017; Scholz and Kuchta, 2017).
They are endoparasites and their adults are found in the digestive tract of all
groups of vertebrates (mainly in the intestine), whereas larval stages (meta-
cestodes) occur in different organs and body cavities of their invertebrate and
vertebrate hosts (Scholz and Kuchta, 2017). They have been reported in a vast
amount of literature produced from wild and cultured fish hosts as parasites
in adult and larval forms (metacestodes). Their pathogenicity on host fishes
differs according to their developmental stages, while only a few adult tape-
worms are pathogenic for their fish hosts, cestode larvae can be harmful for
fish, especially plerocercoids migrating throughout their tissue and internal
organs (Scholz et al. 2021). Tapeworm parasites are known to infest edible
fish, which lowers the nutritional and commercial value of the afflicted fish
since the parasites emit toxic compounds and take up necessary nutrients from
the host, as a result, fish lose market value when their physical weight and size
decrease (Singh et al 2020). Moreover, some cestode parasites cause human
infection when ingested raw or undercooked flesh of infected fishes. Larval
stages of the members of some genera have also been shown to infect humans
by penetrating intact human skin (Hughes and Biggs, 2002).

The body of a tapeworm is typically elongated, dorsoventrally flattened,
and divided into three sections: the proliferative region, or neck, the anterior
portion with attachment function known as the scolex, and the lengthy strobila
(Scholz et al. 2021). A variety of attachment structures, including loculi, four
spherical muscular suckers or bothridia, an apically located rostellum that is
frequently furnished with hooks, and four evertible tentacles with hooks are
among the key taxonomical traits of the scolex. The posterior lobe of most
tapeworms is called strobila which is composed of a chain of proglottids and
each proglottid contains one, rarely more sets of male and female reproduc-
tive organs (Caira and Jensen, 2017). Both scolex and strobilar anatomy, are
crucial for the classification and identification of cestodes (Caira and Jensen
2017).

Cestodes have a complex life cycle that includes first, intermediate and
definitive hosts (Beveridge, 2001). Both the adult and larval (metacestode)
stages of their life cycle can be found in fish hosts, while adults occur in the
intestinal tract, larvae are usually located in the body cavity, in the internal
organs, or in the muscles (Hoole, 1994). Planktonic crustaceans, oligochaetes,
and amphipods are the first intermediate hosts, whereas fishes serve as second
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intermediate, paratenic, or definitive hosts in this complex life cycle.

In Tiirkiye, studies on the cestode parasites of fishes in freshwater and
marine environments have provided a very extensive amount of papers, as
well as several checklists, (Akmirza, 2002, 2013, Keser et al. 2007, Oktener,
2003, 2005, 2014, Ozer, 2019, 2020, 2022, Ozer et al. 2015, Giineydag et al.
2017, Tepe et al. 2014). Ozer (2021) published the first and very comprehen-
sive host-parasite, as well as parasite-host checklist book based on all previous
reports in Tiirkiye, and this chapter on the cestode parasites of fishes in Tiir-
kiye has been created based on the data presented in this recent book which
contains all the individual publications on each cestode parasite species.

2. CESTODE diversity of fishes in Tiirkiye

Ozer (2021) reported a total of 65 cestode species from all fish species
that inhabited marine and freshwater environments in Tiirkiye and this num-
ber of cestodes corresponded with 9% of the whole parasite species reported
from fishes in Tiirkiye (Figure 1). Of the reported 65 cestode species, the
highest number was reported from wild marine fishes (33), followed by wild
freshwater fishes, and cultured freshwater fishes (Figure 2).

Nematoda; 63; 8% Arthropoda; 126: 16%

Cestoda; 65;

0,
9 A’ Myxozoa: 40; 5%
Microspora: 2; 0%
Acanthocephala; 28; 4%
. Maolhisea: 3: 0%
s 25, 20
Dier; 35; 5% s Choanozoa; 1; 0%
§ . - 190
Trematoda; 144; 19% Euglenozoa; 12: 2%
Protozoa; 78; 10%
Metamonada: 4: 1%

Myzozoa: 9; 1%

Annelida; 15: 2%

Monogenea; 175; 23%

Figure 1. Total number and percentage of cestode parasites reported from fishes in
Tiirkiye.
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Figure 2. The total number of cestode species reported from marine, freshwater, and
aquarium fishes in Tiirkiye.

3. CESTODE diversity of marine fishes

3.1. Wild marine fishes

Cestode species diversity was the highest in wild marine fishes inhabiting
the surrounding seas of Tiirkiye among other environments as can be seen in
Figure 2 and the highest number of cestode diversity came from the Aegean
Sea (17), followed by the Black Sea, the Sea of Marmara, and the Mediterra-
nean Sea (Figure 3).
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Figure 3. The number of cestode species reported from wild marine fish species
inhabited the surrounding seas of Tiirkiye.
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Demersal and pelagic wild marine fishes belonging to many genera were
the host for cestode parasites from the surrounding seas of Tiirkiye (Figure
4). It can be seen in Figure 4 that the highest number of cestode species were
reported from two demersal fish hosts raja Raja clavata (9), and common
sole Solea solea (8), followed by five other demersal fish species black goby
Gobius niger, red mullet Mullus barbatus, European flounder Platichthyes
flesus, blackhand sole Pegusa nasuta and spotted weever Trachinus araneus
which hosted 4 cestode species and the rest with a different number of cesto-
des (Figure 4).

When the cestode species infecting marine host fishes are considered,
cestode parasites reported from >3 wild marine fishes are illustrated in Figure
5. The larval form of Scolex pleuronectis was the highest reported species
from 29 different marine fish hosts, followed by Progrillotia dasyatidis (9
fish species), Bothriocephalus scorpii (8 fish species), and Tetraphyllid larvae
(8 fish species) and the rest had host numbers of between 3 and 4 (Figure 5).
Other cestode species infecting a lesser number of fish hosts can be seen in
Ozer (2021).
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Figure 4. The number of cestode species infecting the wild marine host fishes in
Tiirkiye.
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Figure 5. The number of cestode species infecting >3 wild marine fish species in
Tiirkiye.

3.2. Cultured marine fishes

Despite the increasing number of cultured fish species and their amounts
in marine environments of Tiirkiye, no cestode species were reported from
any aquaculture activities as a result of the requirement for more hosts in their
complete life cycle.

4. CESTODE diversity of freshwater fishes

4.1. Wild freshwater fish

According to Ozer (2021), a total of 30 cestode species has been reported
from wild freshwater fishes in Tiirkiye, and common carp Cyprinus carpio
had the highest number of 13 cestode species, followed by chub Squalius
cephalus (9), Tigris scraper Capoeta umbla (6), and the rest of the fish species
had lesser numbers of cestode species (Figure 6).
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Figure 6. The number of cestode species infecting the wild freshwater host fishes in

Tiirkiye.
On the other hand, when the cestode species reported from wild freshwa-

ter fish hosts in Tiirkiye are considered, Figure 7 illustrates that Ligula intes-
tinalis was the top species reported from 32 different fish species according to
Ozer (2021). Similarly, Bothriocephalus acheilognathi was the other species

reported from high number of host species 28, followed by Caryophyllaeus
laticeps (17) (Figure 7), and lesser than 5 host species infected by cestode

parasites can be seen in Ozer (2021).
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Figure 7. The number of cestode species infecting =5 wild freshwater fish species in
Tiirkiye.

4.2. Cultured freshwater fish

Aquaculture activities in the freshwater environment in Tiirkiye focused
mainly on two commercial fish species, namely rainbow trout Oncorhyn-
chus mykiss, and common carp Cyprinus carpio. However, despite their high
amount of production, only grass carp Ctenopharyngodon idella was reported
to be the host for only 2 cestode species, Bothriocephalus acheilognathi, and
Ligula intestinalis (Ozer, 2021).

5. CESTODE diversity of aquarium fishes

Despite 32 ornamental fish species either imported or cultured in Tiirkiye,
no cestode species was reported from any of them (Ozer, 2021).

6. CONCLUSION

This chapter provided up-to-date illustrations on cestode parasites of wild
and cultured host fishes in marine, freshwater, and aquariums in Tiirkiye by
the recent comprehensive work by Ozer (2021). Wild marine and freshwater
fishes were reported as hosts for mostly larval cestode parasites, whereas cul-
ture environments did not favor their distribution among fishes possibly as
a result of the complex life cycles requiring more involved hosts apart from
fishes. The number of fish species hosting cestodes is 45 in wild marine, 47
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wild freshwater environments according to Ozer (2021) and these numbers
are very low when considering the reported 561 marine and 401 freshwater
fish species in Tiirkiye by Froese & Pauly (2022). It is not known what the
actual number of cestode species infecting host fishes in marine and inland
waters of Tiirkiye and in the future, however, more studies will yield more
numbers of cestode species or their expanded number of host species.
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INTRODUCTION

Pesticides include all chemicals used in insect control. They are generally
classified as insecticides, herbicides, fungicides, etc. according to the active
agent. It is also possible to group pesticides according to their chemical, phys-
ical, area of use, persistence and developmental stages they affect.

The use of pesticides dates back to ancient times. A papyrus from 1500
BC records the preparation of insecticides against lice, fleas and wasps. In the
15th century, chemicals such as arsenic, mercury and lead were used to kill
pests in agricultural crops, while in the 17th century nicotine sulphate was
extracted from tobacco to be used as an insecticide (Miller, 2002).

The widespread use of pesticides in the fight against insects started in the
mid-1940s. In 1939, the Swiss chemist Paul Mueller discovered the pesticidal
properties of dichlorodiphenyl tricholoroethamine (DDT) and DDT, which
was introduced to the market in 1942, rapidly became widespread (Giiler and
Cobanoglu, 1997).

The escalating global population’s demand for food has made the use of
agricultural chemicals like fertilizers and pesticides inevitable to maximize
yields from existing agricultural areas (Storck et.al. 2017; Chen et al. 2017).
Today, it is almost impossible to produce in sufficient quantity and quality
anywhere in the world without supportive substances such as agricultural pes-
ticides (Engindeniz 2008; Hillocks, 2012; Barriere et al. 2015; Topal et al.
2017). Despite their known harmful effects on natural resources, humans and
other living organisms, pesticides have become indispensable for agricultural
production. Unfortunately, as a result of the intensive use of pesticides, some
problems arise in terms of human, animal and environmental health. Pesti-
cides applied to agricultural areas are transferred to air, water and soil, and
from there to other living organisms living in these environments and undergo
transformation (Y1ldirim, 2008).

Pesticides have been found to have teratogenic and mutagenic effects.
Dose and stress are important factors in the formation of teratogenic effect.
In addition, pesticides with mutagenic effects cause chromosomal fractures
(Kolayanova and Tarkowski 1991).

Cypermethrin, whose effect was investigated in our study, is a pyrethroid
widely used in agriculture against insects and in the treatment of ectopara-
site infestations in livestock (Farag et al., 2021). According to their chemical
structure, they are classified into two groups: type 1 pyrethroids without cy-
ano group (alletrin, permethrin, pyrethrin) and type 2 pyrethroids with cyano
group (deltamethrin, cypermethrin). Type 1 is less toxic because it lacks a
cyano group, while type 2 pyrethroids are highly toxic. Pyrethroids exert their
effects by disrupting sodium ion transport across the nerve cell membrane.
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Continuous opening of the sodium channel leads to continuous depolarization
of the membrane, preventing the generation of action potentials. The nerve
cell is thus paralyzed. Pyrethroids enter the body through dermal, inhalation
or food/water intake. Cypermethrin, a type Il pyrethroid, is a broad-spectrum
pesticide widely used for veterinary, agricultural and domestic applications.
Humans are exposed to Cypermethrin during the application or consumption
of pesticide-contaminated products (Chrustek et al., 2018).

The objective of this study is to assess the genotoxic effects of Cyperme-
thrin on Daphnia magna using single-cell gel electrophoresis.

MATERIAL METHOD
Daphnia magna

Daphnia magna obtained from Akdeniz Su Uriinleri Arastirma Merkezi,
Kepez, Antalya, Tiirkiye. Daphnia magna was grown in American Society
for Testing and Materials medium (14 h light-10 h dark) at a temperature of
20 °C * 1. Daphnia culture was refreshed three times in 7 days and fed with
Spirulina sp. Juveniles used for toxicity tests were 6th generation Daphnia.

Test Chemical

The commercial form of Cypermethrin was supplied in 100 g/L. Concen-
trations were prepared from the commercial form.

Dose Determination

In the scientific literature, acute toxicological evaluation of Cypermethrin
on Daphnia magna was performed and LD, values were determined. Yor-
danova et al. 2009 determined the 48-hour LD, value of Cypermethrin as 0.8
pg/mL. In our study, based on these values, LD, /8 (0.1 pg/mL), LD, /4 (0.2
ug/mL), LD, /2 (0.4 pg/mL), and LD, (0.8 pg/mL) values were tested.

Daphnia magna Comet assay test

Daphnia (less than 24 h, 5 specimens, 4 repeat) were placed in petri dish-
es. Cypermethrin added at a concentration of 0.8, 0.4, 0.2, 0.1 pg/mL for 48
h. All organisms were homogenized to obtain the hemolymph. As buffer 1 ml
of PBS, EDTA (20 mM) and DMSO (10%) were used. Following homogeni-
zation, 150 pL of the sample was mixed with equal amounts of LMA (Low
melt agar, 0.65%) and transferred onto slides which is coated agar previously
and covered with lamella. Then, cold application was performed on cold ice
for 10-15 minutes to solidify the slides. Following solidification, the lamellae
were removed. Then, it was treated with lysis solution (2.5 M NaCl, 100 mM
EDTA, 10 mM Tris pH=10, 10% DMSO and 1% Triton X-100) at 4 C and
kept for a minimum of 1 hour and a maximum of 16 hours. After the lysis
process, the slides were placed in electrophoresis buffer (1 mM EDTA, 300
mM NaOH, pH = 13) and waited for approximately 20-25 minutes. Cells were
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run in electrophoresis for 20 min (1 V/cm, 300 mA). Following electropho-
resis, neuralization was performed twice. Each procedure was performed for
5 minutes, for a total of 10 minutes. At the end of the procedures, each slide
was stained with 50 pl ethidium bromide (20 pg/mL) and the prepared prepa-
rations were examined with a fluorescence microscope.

Evaluation and Statistics

100 cells were examined at each concentration. Three comet parameters
(tail intensity, tail moment and tail length) were analyzed using BS 200 ProP;
BAB Imaging System, Ankara, Turkey to detect genotoxic potential of Cy-
permethrin on Daphnia magna. The data were statistically analyzed with the
t-test (IBM SPSS 21 package program).

RESULTS

Single cell gel electrophoresis, also known as Comet assay, is a sensitive,
reliable and rapid method that can detect DNA damage in eukaryotic cells on
a cell-by-cell basis. In our study with this method, the damage frequencies of
Cypermethrin in Daphnia magna DNA were analyzed. The results obtained
are presented in Table 1.

Table 1. DNA damage frequencies in Daphnia magna by Cypermethrin application

Substance Concentrations Comet Tail Length Comet Tail Comet Tail
(ng/mL) (um) Moment Intensity (%)
Control 0.00 10.44 + 1.6 6.63+1.20 261.55+0.48
MMC 0.20 100.57 £4.71 99.44+495 302.17+0.63
0.1 17.41 £2.92% 1350+ 1.51* 280.84 + 0.78**
0.2 16.98 +1.22* 10.71 £ 1.07*  280.58 + 0.54**
Cypermethrin 0.4 1551 +1.21% 8.58+0.83  270.37+0.77**
0.8 17.63 +2.3** 16.80 +£2.58** 271.48 +£0.77**

According to the negative control *P<0,05, ** p<0,01

According to the data obtained at the end of single cell gel electropho-
resis test, Cypermethrin treatment induced the tail length in Daphnia magna
at all doses. Statistical evaluation of the increased tail length showed that this
increase was statistically significant. On the other hand, this increase in comet
tail length as a result of Cypermethrin treatment did not show a significant
dose-dependent correlation (r = 0.66, Figure 1a).
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Figure 1. Dose-dependent changes in comet test a. Tail length, b. Tail moment, c.
Tail density

The comet tail moment obtained by the comet test did not show a statisti-
cally significant increase compared to the negative control at all concentrations
except 0.4 pg/mL. At the other concentrations (0.1, 0.2 and 0.8 pg/mL) there
was an increase compared to the control and this increase was statistically sig-
nificant. On the other hand, when the increase in comet tail moment caused by
Cypermethrin treatment was evaluated; it was found that the increase formed
a significant correlation depending on the dose (r=0.6, figure 1b).

It was determined that exposure to cypermethrin increased comet tail
density in Daphnia magna at all concentrations (Table 1). In the statistical
evaluation of this increase, significance was detected at all concentrations.
This increase in concentrations did not show a significant correlation depend-
ing on the dose (r = 0.25, Figure 1c¢).

As a result, in this study, the in vivo genotoxic effects of Cypermethrin
were investigated with a reliable and still valid test such as single cell gel
electrophoresis. Within the scope of the experiments, it was understood that
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Cypermethrin has a direct or indirect effect on DNA. From this, it has been
understood that Cypermethrin causes a genotoxic effect.

CONCLUSIONS

Pesticides are substances or mixtures of substances used to prevent, con-
trol or reduce the damage of harmful organisms. Pesticides can be a chemical
substance, a biological agent such as a virus or bacteria, an antimicrobial, a
disinfectant, or any other tool. However, uncontrolled and excessive use of
pesticides causes many environmental pollutions. Environmental pollution
also occurs due to mistakes made during the storage of pesticides and the
disposal of excess drugs (Zabit and Tongur, 2019).

A correlation has been found between the presence of pesticides and can-
cer incidence (Blair et al. 1985; Pearce and Reif, 1990). Some pesticides have
been found to increase the formation of “DNA adducts” in leukocyte samples.
The effects of 15 commonly used pesticides (dithiocarbamate, methidation,
paration-methyl, paration, vinclozolin, fenarimol, etc.) on the liver xenobiotic
enzyme system and 8-OH-2-guanosine level in liver DNA, an index of oxi-
dative damage, were investigated (Lodovici et al. 1994; Peluso et al. 1996).
After these pesticides were given to rats for 10 days, it was observed that low
doses of the pesticide mixture caused free DNA damage, while high doses in-
hibited the detailed expression of oxidative damage. The data obtained in our
study are in parallel with the studies mentioned above.

Pyrethroid insecticides are highly toxic to insects and fish and have a
lower incidence of toxicity in mammals than in insects and fish (Segmenoglu,
2020).

Lethal, sublethal and toxic effects of Cypermethrin commercial formu-
lation were studied in Physalaemus gracilis, one of the Anura (frog) species,
and Cypermethrin was reported to be toxicologically effective (Natani et al
2023). Based on this, it is understood that this chemical poses a high risk to
living species, may cause many problems in the short and long term and may
have the potential to affect the dynamics of the ecosystem.

When the effect of Cypermethrin on Zebrafish (Danio rerio) was ex-
amined, it was reported to increase the frequency of oxidative damage and
genotoxicity (Paravani et al. 2018). Negative effects of Cypermethrin were
determined in immunotoxicological evaluations in carp fish (Cyprinus carpio)
(Soltanian and Fereidouni, 2017). Similarly, it was found to induce DNA
damage, histopathological changes and apoptosis in carp fish (Khafaga et al.
2020). In studies on Catla catla, it was determined that Cypermethrin caused
hepatic toxicity, apoptosis in brain cells and neural toxicity (Jindal and Shar-
ma 2019; Sharma and Jindal 2020).

There are studies investigating the effect of Cypermethrin on Daphnia
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magna, Gammarus pulex, Ceriodaphnia dubia and many other invertebrates
and vertebrates (Christensen et al. 2005; Meems et al. 2004; Yordanova et al.
2009). In these studies, the negative effects of Cypermethrin were reported.

Kim et al. (2008) reported important problems in their study such as
increased calving time, decreased litter size and decreased total number of
offspring as a result of exposure of Daphnia newborns (< 24 hours) to Cyper-
methrin for 21 days. The common point in the studies mentioned above is the
negative effects of Cypermethrin exposure on Daphnia magna. In our study,
the statistical increase in all three Comet test parameters in Daphnia magna
with Cypermethrin exposure compared to the control group is in line with the
above studies.

When all the studies mentioned above and the results of the present study
are evaluated, the harmful effects of Cypermethrin on Daphnia magna are
obvious. In addition, the continuous accumulation of pesticide in aquatic
environments unfortunately leads to a great concern. These include raising
people’s awareness about the environment, especially starting with children,
administrative and political authorities supporting recycling, and it being part
of the environmental policies of national governments.
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Intoduction

Black elderberry is known to have been one of the most consumed fruits
during the Chalcolithic Period. In the Neolithic Period, only S. ebulus and S.
nigra species were documented to be used as food by Romans, Dacians, and
Gauls and for medicinal purposes. Ancient healers such as Dioscorides and
Hippocrates used various Sambucus species for numerous health purposes
and described this plant as nature’s greatest medicinal herb. It is mentioned
that Hippocrates regarded black elderberry trees as a medicine chest (Kilham,
2000; Tejero et al., 2015).

Sambucus nigra L. (Tree elderberry, Black elderberry) is a plant species
in the form of shrubs and trees in the Adoxaceae family. he Adoxaceae fam-
ily is noted for representing a heterogeneous wild, semi-wild, or cultivated
species with diverse biochemical, genetic, physiological, and morphologi-
cal characteristics within the Sambucus L. genus (Bolli, 1994; Mikulic-Pet-
kovsek, 2015). These species are perennial plants that can be woody, shrubby,
or rhizomatous (rooted) in form. Many sources indicate that the height of the
elderberry plant can reach up to 10 meters (Wilczynski and Podlaski, 2005;
Ulbricht et al., 2014; Gilman et al., 2018). In another study, it was reported
that the height of the elderberry plant can reach up to 3 meters in the northern
regions and 4.5 meters in the southern regions (Elias, 1980; McLaughlin et
al., 2008; Charlebois et al., 2010). Gilman et al. (2018) stated in their research
that the height of the plant varies between 1.5 and 3.6 meters, and its spread is
between 1.8 and 3.0 meters. It is reported that the elderberry plant has fibrous,
lateral and fascicular roots that can reach depths of up to 20 meters (Charle-
bois et al., 2010). This small tree has brownish-gray bark and a generally
cylindrical trunk (Gilman et al., 2018). The upper side of the leaves is dark
green, the lower part is paler green and generally has a shiny appearance. In
autumn, the leaves turn yellow and the plant sheds its leaves. It is stated that
leaf sizes vary between 10 and 15 cm. The leaves have a feathery structure
(pinnate), irregular margins, and serrated teeth (3 to 15 serrated teeth) (Bolli,
1994; Mikulic-Petkovsek et al., 2015; Gilman et al., 2018). Sambucus nigra is
described as a small tree or shrub with a height of 1-8 meters and a strong aro-
ma. The bark has a brownish color with longitudinal cracks and deep grooves.
The leaves are opposite, serrated, and consist of 5-7 leaflets. The flowers are
white and, in an umbrella, shaped clusters. The fruits are globular and have
a shiny black-purple color, containing a hard seed (Kolesarova et al., 2022).

It has been reported that there are 40 species of Sambucus worldwide
(Diindar, 2009). Through research, the number of species has been revised
several times, leading to a reduction in the total count. In the most recent re-
vision, the number of recognized Sambucus species is defined as 9: S. ebulus,
S. adnata, S. australis, S. wightiana, S. australasica, S. javanica, S. racemosa,
S. gaudichaudiana and S. nigra. Additionally, there are wild, semi-wild, and
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uncultivated varieties of the Sambucus plant (Bolli, 1994; Mikulic-Petkovsek
et al., 2015).

Black elderberry is a species native to many regions in North Africa, Eu-
rope, Asia, and America (Veberic et al., 2009). It is commercially cultivated
in countries such as Germany, Denmark, Italy, Switzerland (Charlebois et al.,
2010), Austria, Hungary, Slovakia, and the Czech Republic (Costica et al.,
2019). In another study, it was noted that black elderberry flowers are grown
for trade purposes in Romania, Bosnia and Herzegovina, Bulgaria, Croatia,
Hungary, Serbia, Macedonia, Albania, Montenegro, and Russia (Engels and
Brinckmann, 2013).

In Turkey, Sambucus nigra is known by various names, including Mund-
arag, Mindar, Mindirag, Melesir, Patlak, Patlangoz, Patlayak, Patlangig¢, Pat-
lavug, Patlankug, Patlangag, Sisni, Yalangaz, and Yalankoz (Diindar, 2009;
Karaduman, 2019). In other countries, it is referred to as European or Black
elder, Sambucus, Bourtree flowers (in England), Holunderbluten, Aalhorn-
bliiten, Fliedertee, Schwitztee (in Germany), and Fleurs de sureau (in France)
(Diindar, 2009). Sambucus nigra L. is one of the two species that naturally
grow in Turkey. Black elderberry is a species unique to most regions of Eu-
rope, Asia, North Africa, America, and in Turkey, it is known to grow pre-
dominantly in the northern parts of the country, occasionally in the eastern
Anatolia region, including provinces such as Bolu, Trabzon, Kirklareli, Sinop,
and Izmit (Alig et al., 2021; Diindar, 2009).

Black elderberry fruits are preferred for consumption in forms such as
jam, preserves, fruit juice, vinegar, tea, wine, and liqueur rather than being
consumed fresh (Veberic et al., 2009; Duymus, 2010). Additionally, there is a
snack known as fried elder flower (Hollerkiichln) (Valles et al., 2004). Elder-
flower, with its attractive aroma and taste, is used in the preparation of various
cakes and confections, while elderflower extract is used in the production of
infusions and wine-like beverages (Kaack 2008; Viapiana and Wesolowski,
2017).

Important components of the black elderberry (Sambucus nigra L)

Due to its medicinal properties, Sambucus nigra L. is considered one of
the most important medicinal plants used in Europe. It is noted in the literature
that elderberry trees were defined by Hippocrates as a “medicine chest” and
the elderberry plant is regarded as nature’s greatest medicinal herb (Kilham,
2000). In folk medicine, it is used for the treatment of various ailments such
as toothache, ear and eye problems, wounds, arthritis, dysentery, fever, skin
burns, rheumatism, epilepsy, and the common cold (Tejero et al., 2015). Stud-
ies have reported that the Sambucus nigra L. species possesses antioxidant
(Dawidowicz et al., 2006), anti-inflammatory, anti-influenza (Torabian et al.,
2019), antidiabetic, anticonvulsant, antidepressant (Mahmoudi et al., 2014),
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and antibacterial (Hearst et al., 2010) activities. Ancient Egyptians discovered
the plant’s beneficial effects in healing skin and burns (Oney and Baser, 2023).

Phenolic compounds are known for their positive effects on human health.
Phenolic compounds, recognized as micronutrients in our diets, have protec-
tive effects such as being anti-inflammatory, anti-allergenic, anti-atherogenic,
cardioprotective, antithrombotic, antimicrobial,vasodilatory agents, and pre-
ventive against degenerative disorders. The healing and therapeutic properties
of elderberry are attributed to the presence of phenolic compounds (Domin-
guez et al., 2020). Chemical studies conducted on elderberries have examined
volatile substances and substance groups such as phenolic compounds and
proteins. Elderberry (Sambucus nigra L.) is a rich source of phenolic com-
pounds, primarily phenolic acids, flavonols, and anthocyanins. Polyphenols
are predominantly found in elderberry leaves, flowers, and fruit (Sidor and
Gramza-Michatowska, 2015). Phenolic compounds are substances containing
a benzene ring and are divided into two groups: flavonoids and phenolic ac-
ids (hydroxycinnamic acids and hydroxybenzoic acids). Phenolic compounds
function as antioxidants by scavenging free radicals through various path-
ways. These compounds act as nucleophiles, binding to free radicals gener-
ated by lipid peroxidation, thereby preventing lipid peroxidation reactions.
Additionally, they function as chelators for metal ions that induce oxidation
(Han and Baik, 2008). Phenolic substances include phenolic acids, flavonols,
and anthocyanins.

Anthocyanins

Anthocyanins (from Greek anthos, flower, and kyaneos, blue) is a term
originally used to describe the blue pigment of cornflowers (Centaurea cy-
anus). Approximately 500 different anthocyanins have been identified in na-
ture to date. Anthocyanins are highly potent antioxidants with various benefits
for human health (Horbowicz et al., 2008). They possess bioactive properties,
such as antidiabetic, anti-inflammatory, antiallergic, antiviral, antimicrobial,
and anticarcinogenic effects, and have been observed to have positive effects
on the cardiovascular system and vision functions, making them beneficial
antioxidant compounds for health (Mozaffari-Khosravi et al., 2009).

The main anthocyanins identified in Sambucus nigra fruits are Cyani-
din-3-glucoside (Chrysanthemin), Cyanidin-3-rutinoside, Cyanidin, Cy-
anidin-3-sambubioside-5-glucoside, Cyanidin-3,5-diglucoside, Pelargoni-
din-3-glucoside, Cyanidin-3-sambubioside, and Pelargonidin-3-sambubioside
(Vlachojannis et al., 2010).

Flavonoids

Flavonoids are phenolic pigments synthesized in various plants, and
over 8150 different flavonoids have been isolated from plants (Andersen and
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Markham, 2006). Flavonoids constitute an important group of compounds
with various biological activities, including antiviral, antioxidant, anti-in-
flammatory, anticancer, antiallergic, wound-healing, and vasodilatory effects
(Dong et al., 2010).

The flavonoids identified in Sambucus nigra fruits include Astragalin
(Kaempferol-3-glucoside), Hyperoside, Isoquercitrin, Quercetin, and Rutin
(Quercetin-3-rutinoside). Sambucus nigra fruits are also rich in phenolic com-
pounds such as caffeic acid, ferulic acid, chlorogenic acid, and protocatechuic
acid (Jakobek et al., 2008).

Protein Derivatives

Proteins have also been identified in black elderberries. These proteins
are lectins and ribosome inactivating proteins. It is thought that these proteins
may also play a role in the antiviral and anticarcinogenic effects of black el-
derberry fruit (Citores et al., 2002). With all these features, black elderberry is
a plant that has the potential to make a significant contribution to the enrich-
ment and/or development of modern food and medicinal products.

Uses of Elderberry Fruit in the Health and Food Industry

Black elderberry fruit has traditionally been widely used in the food and
pharmaceutical industries in Europe. Fructose and glucose contents in black
elderberry fruits are considerably higher than sucrose content (Veberic et al.
2009). The sucrose content of black elderberry juice is also low, and most of
the total sugar content consists of reducing sugars (Galic et al., 2009). It is es-
pecially used in making fruit juice, wine, jam and marmalade due to the high
sugar content and coloring properties of the fruits. It is also known that the
fruits and flowers of the plant are used as medicinal tea for complaints such as
cough, cold and flu (Inami et al., 2006).

Fresh consumption of elderberries is not common. This is generally due
to the presence of cyanogenic glycosides such as sambunigrin in the seeds,
leaves, bark and unripe fruits of elderberry plants. If fruits are consumed im-
mature or in very high doses, cyanogenic glycoside can cause nausea, vom-
iting, diarrhea, weakness, dizziness and gastrointestinal disorders (Senica et
al., 2016a).

Cyanogenic glycosides are not harmful on their own. However, the a-glu-
cosidase enzyme present in the gastrointestinal system stimulates the break-
down of the glycoside portion in cyanohydrins, leading to the separation
of hydrogen cyanide and aldehyde portions. A dose of 0.5-3.5 mg/kg body
weight of hydrogen cyanide can cause acute cyanide toxicity in humans. To
reduce or prevent cyanide toxicity, some processes are recommended, such
as peeling, crushing, heating, drying, and heat treatment of elderberry fruit
(Bolarinwa et al., 2014).
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In Turkey, elderberry is primarily used as a garden ornament, but in some
regions, it is also used in molasses production. However, molasses production
is extremely limited and traditional. Therefore, due to the lack of any scientific
research on elderberry molasses, its potential benefits are not yet fully un-
derstood. Elderberry (Sambucus nigra L.) plant is traditionally used in many
countries around the world for the treatment of viral infections such as flu and
the common cold. Additionally, it is observed to be used for conditions like
sprains, skin burns, swelling, cuts, skin rashes, insect bites, toothaches, fe-
ver, eye and ear problems, rheumatism, and hemorrhoids (Kriiger et al., 2015;
Sidor et al., 2015; Tejero et al., 2015). The contemporary use of elderberry as a
natural antibiotic has become widespread, believed to be attributed to its con-
tent of rutin, tannins, and flavonoids. Black elderberry is rich in flavonoids, vi-
tamin C, vitamin A, vitamin B6 and calcium. (Vlachojannins et al., 2010) and
(Veberic et al., 2009) found in their studies that black elderberry fruits are rich
in fumaric acid, malic acid, citric acid, shikimic acid, and contain important
compounds such as nicotinic acid and p-carotene. When studies on its health
benefits are examined, especially its phenolic content and antioxidant effect
come to mind (Duymus, 2010). Especially the use of its flowers for colds is
also included in monographs and the monographs of the World Health Orga-
nization. Researchers have also reported that the use of black elderberry in the
treatment of diseases such as influenza dates back to ancient Roman history
(Bergner, 1996). In another study, it was reported that elderberry ended the flu
within 3 days and triggered the formation of antibodies (Bergner, 1996). It has
also been stated that black elderberry has positive effects not only in the treat-
ment of diseases such as influenza but also in preventing cancer, diabetes and
cardiovascular diseases (Ciocoiu et al., 2012; Kriiger et al., 2015). Research-
ers have stated that this potential of black elderberry against diseases is due
to the anthocyanins and other polyphenols it contains (Kriiger et al., 2015). In
many in-vitro and in-vivo studies conducted with black elderberry fruit; It has
been reported to show immunomodulatory, anticancer, antibacterial, antiviral,
antimicrobial, anti-inflammatory and antioxidant activity (Engels and Brinck-
mann, 2013).

Researchers have indicated that the elderberry plant exhibits antibacterial
and antiviral activities in the treatment of respiratory infections such as influ-
enza and the common cold (Sidor et al., 2015). In another study, it was found
that elderberry leaves have inhibitory properties on certain bacteria (Staph-
vlococcus aureus, Bacillus subtilis, Escherichia coli, Bacillus megaterium)
and yeasts (Debaryomyces hansenii, Rhodotorula rubra, Zygosaccharomyces
rouxii, Candida shehata) (Hussein et al., 2011).

Major metabolites found in elderberry flowers are quercetin-3-O-ru-
tinoside, kaemferol-3-O-rutinoside, isorhamnetin-3-O-rutinoside,
5-O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid, 5-O-p-coumaroylqui-
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nic acid, naringenin, a-linolenic and linoleic acid (Christensen et al., 2008).
The presence of phenolic acids, caffeic acid and its derivatives, and flavo-
noids, quercetin and kaempferol derivatives, have been identified in the
leaves (Skowronska et al., 2022). The presence of caffeic acid, p-coumaric
acid, ferulic acid, gallic acid, syringic acid, 3,4,5-trimethoxybenzoic acid and
chlorogenic acid was detected in the bark of Sambucus nigra. All parts of
black elderberry contain cyanogenic glycosides, the most abundant of which
are sambunigrin and prunasin. These compounds are potentially toxic and
life-threatening (Mlynarczyk et al., 2018). In a study investigating the tem-
perature-dependent antioxidant activities of alcoholic extracts of Sambucus
nigra leaves, flowers and fruits, the highest antioxidant activity was found
in the flowers, while the lowest activity was found in the leaves (Dawido-
wicz et al., 2006). Elderberry extract is effective in treating flu. In a study, the
mechanism of action of elderberry and its primary active compound, cyanidin
3-glucoside, against influenza virus was investigated, and as a result of the
research, it was determined that elderberry had a mild inhibitory effect in the
early stages of the influenza virus cycle, while it had a very strong effect in the
post-infection stage (Torabian et al., 2019).

Hearst et al. (2010) investigated the antibacterial activity of elderberry
leaf, fruit and flower extracts against methicillin-resistant Staphylococcus au-
reus and 13 different pathogens. The research revealed that S. nigra extracts
showed antibacterial effects by inhibiting most pathogens. Consumption of
functional foods has also gained popularity as consumers seek solutions to
health problems and preventive measures against diseases in order to live a
quality and healthy life (Hacioglu and Kurt, 2012). Functional foods not only
meet the body’s basic nutritional needs, but also contribute to the healthier
functioning of chemical and physical processes. It also provides additional
benefits by regulating metabolic and physiological processes, aims to pre-
vent diseases and achieve a healthier life. Consumption of these foods, which
strengthen the body’s defense system and increase its resistance, has become
widespread due to their protective effects against some diseases such as Alz-
heimer’s and dementia. It is also suggested that functional food consumption
has a reducing effect on treatment costs (Krystallis et al. 2008; Hacioglu and
Kurt 2012).

Recently, elderberry has attracted a lot of attention, especially when used
with antioxidants. Elderberry, a plant species known for its medicinal prop-
erties, was evaluated as nature’s most healing plant and used as medicine by
historical figures such as Hippocrates, Dioscorides, and Pliny the Elder. Hip-
pocrates even referred to elder trees as a “medicine box.” The traditional use
of elderberry as both medicine and food in Europe continues today (Kilham,
2000; Agalar, 2019).
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The health effects of elderberry are attributed to its chemical composi-
tion, which includes bioactive components such as anthocyanins, phenolic ac-
ids, flavonoids, tannins and polyphenols (Veberic, 2009; Tejero et al., 2015).
Elderberry is reported to have antioxidant, immunomodulatory, antiviral, an-
timicrobial, anti-inflammatory, and antidepressant effects (Agalar, 2019). The
use of elderberry as a remedy for colds and influenza dates back to ancient
Rome. In Britain and America, traditional therapeutic use involves making
teas from elderberry flowers to treat conditions like colds and sore throats.
Furthermore, elderberry has been proven to alleviate cold symptoms within
three days and positively enhance antibody production (Bergner, 1996).

In traditional European medicine, elderberry is used as a treatment for
various conditions, including fever, toothaches, wounds, burns, rheumatism,
dysentery, ear and eye problems, and epilepsy (Tejero et al., 2015). Addition-
ally, consuming elderberry fruit is reported to have a significant relationship
with preventing diseases such as cardiovascular issues, Alzheimer’s, and can-
cer (Netzel et al., 2005; Mikulic-Petkovsek et al., 2014).

Geng and Ozhatay (2006) reported various traditional uses of elderberry
in the Catalca region: leaves are externally applied to animal wounds, flow-
er infusions are considered for diabetes treatment and diuretic effects, and
infusions from the roots are used for rheumatism. In Edirne city, extractions
from elderberry flowers are observed to be used against cough, diabetes, and
abdominal pain (Tuzlact et al., 2010). Yesilada et al. (1997) mentioned that
elderberry fruits are beneficial for hemorrhoids, and the leaves are helpful for
rheumatism. S. nigra, known as elderberry or miirver in Izmir city, is used for
colds, flu, constipation, lactative, diuretic, and respiratory disorders through
extracts made from its flowers and leaves (Ugulu et al., 2009). In the Manav-
gat region, a paste made from fresh shoots and leaves of the plant is applied to
treat boils. In Kirklareli city, elderberry flowers are used to make tea and jams
are prepared from its fruits (Kiiltiir, 2007).

The significance of the elderberry plant in nutrition and medicine is sub-
stantial, and it is also utilized for erosion control (Costica et al., 2019). Soil,
precipitation, and temperature are major factors influencing plant growth. El-
derberry has demonstrated significant adaptability to different soil and climate
conditions (Costica et al., 2019). However, some elderberry species (such as
American elderberry) have been observed to be highly affected by changing
environmental conditions (Costica et al., 2019).

Balck elderberry has a long history dating back to the 5th century BC. Its
medicinal use by ancient healers like Hippocrates, Dioscorides, and Pliny has
been documented, supporting its historical significance (Agalar, 2019). In Eu-
rope, it is still used in medicine and food. The traditional use of all parts of this
plant for the treatment of various diseases is widespread due to its therapeutic
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effects (Agalar, 2019). The chemical composition of elderberry includes car-
bohydrates, proteins, lipids, vitamins, organic acids, amino acids, phenolic
acids and anthocyanins (Veberic et al., 2009; Costica et al., 2019). Table 1
provides an overview of the nutritional contents in 100 grams of raw edible
portions of elderberry according to the USDA (United States Department of
Agriculture) (USDA, 2018).

Black elderberry has a higher content of fat, carbohydrates, and dietary
fiber compared to other fruits. Dietary fiber is increasingly recognized for
its importance in healthy dietary patterns, particularly in preventing certain
modern-day diseases such as diabetes, obesity, various types of cancers, and
cardiovascular disorders (Diilger and Sahan, 2011). It has been reported that
fiber-rich foods facilitate the easier removal of waste from the body, contrib-
ute to the faster functioning of the digestive system, and reduce the contact be-
tween harmful compounds and the gastrointestinal system (Vulic et al., 2008).

Table 1.The nutritional contents in 100 grams of raw edible portions of elderberry

79.8
73 kceal

305 kj 0.06 mg
0.66 0.5 mg
0.5 0.14 mg
0.64 0.23 mg
18.4 6 ng

7

In another study, nine out of the total 16 essential amino acids were iden-
tified in elderberry flowers, leaves, and extracts, indicating the presence of
valuable nutritional components (Charlebois et al., 2010). The total essential
amino acid content was reported to be 8.9% in flowers, 10.03% in extracts,
and 11.49% in leaves (Kislichenko and Velma, 2006). Table 2 provides the
amino acid content in elderberry (USDA 2018). The high biological value of
elderberry, attributed to its total essential amino acid content, positions it as a
valuable protein source, making it suitable for various food and dietary prod-
ucts (Kiinsch and Temperli, 1978).
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Table 2.The aminoacid contents in 100 grams of raw edible portions of elderberry

Aminoacids

Tryptophan 0.013 g Methionine 0.014 g Histidine 0.015¢g
Threonine 0.027 g Cystine 0.015¢g Alanine 0.03¢g
Isoleucine 0.027 g Phenylalanine 0.04 g Aspartic acid 0.058 g
Leucine 0.06 g Tyrosine 0.051g Glutamic acid 0.096 g
Lysine 0.026 g Valine 0.033 g Glycine 0.036 g
Proline 0.025 & Serine 0.032 2

The chemical composition of elderberry fruit generally consists of organ-
ic compounds such as carbohydrates (simple, soluble, polysaccharides), pro-
teins, fats, vitamins, organic acids, and phenolic compounds (flavonoids, phe-
nolic acids, anthocyanins). Elderberry; %79.8 water, %18.4 carbohydrates,
%0.5 fat, %0.66 protein, and 7% fiber content. Additionally, 100 grams of el-
derberry fruit contains 38 mg of calcium, 39 mg of phosphorus, 6 mg of sodi-
um, and 36 mg of vitamin C. Studies have also reported that fresh elderberries
are rich in organic acids such as malic acid, citric acid, fumaric acid, shikimic
acid, as well as important compounds like B2, B6, C vitamins, pantothenic
acid, biotin, B-carotene, and niacinamide (Veberic et al., 2009).

Vulic et al. (2008) reported that elderberry fruits have sugar content
of 8.88%, with 8.55% as reducing sugar and 0.33% as sucrose. Galic et al.
(2009), however, mentioned slightly lower values, indicating 6.16%, 6.12%,
and 0.04% for total, reducing, and sucrose, respectively. Another study report-
ed glucose at 42.62 g/kg, fructose at 43.96 g/kg, and sucrose at 1.04 g/kg in
fresh weight of elderberries (Veberic et al., 2009). Consequently, elderberry
fruits consist mainly of reducing sugars, with glucose and fructose making up
a significant portion, and total sugar content being predominantly composed
of reducing sugars. Vulic et al. (2008) also found that elderberry fruits contain
a substantial amount of protein (2.84 g/100 mL) with all essential amino acids.

Dominguez et al. (2020) reported that the oil content of fresh elderber-
ries is 0.35%, emphasizing a high content of essential fatty acids, particularly
linoleic (39.47 g/100 g) and o-linolenic (38.07 g/100 g) acids. Moreover, it
was mentioned that polyunsaturated fatty acids (PUFAs), constituting 78% of
total fatty acids, are predominantly composed of omega-6 (39.54 g/100 g) and
omega-3 (38.12 g/100 g). The balanced ratio of omega-3 to omega-6, ina 1:1
proportion, highlights elderberry as a rich source of a-linolenic acid, position-
ing it as a fundamental PUFA in human nutrition.

Minerals in elderberries can exist in complex forms, including organic
and inorganic acid salts or organic combinations (Vulic et al., 2008). Elder-
berries are noted to contain various minerals such as copper, potassium, man-
ganese, magnesium, calcium, iron, phosphorus, sodium, and zinc. The mineral
content of elderberries is presented in Table 1. In addition to being a good
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source of minerals, elderberries are suggested to provide both macro and trace
elements in nutrition. It has been reported that consuming 100 g of elderber-
ries can meet 0.2% to 30% of the recommended daily intake for minerals
such as potassium, sodium, calcium, copper, magnesium, manganese, iron,
phosphorus, and zinc. The composition of elderberries varies depending on
the harvest year and region. Elderberries grown in five different regions have
been reported to exhibit variations in dry matter content (16.06% to 28.48%),
organic matter content (8.76% to 21.68%), and total mineral content (5.93%
t0 9.19%) (Costica et al., 2019).

Research on elderberry juice has indicated that certain parameters such as
sugar, pH, and organic acids create a lethal environment for microorganisms
(Cirlini et al., 2019). Elderberries are noted to be rich not only in mineral
content but also in vitamins A, B6 (pyridoxine), and C. It is reported that fresh
elderberries can provide 60% of the daily recommended intake for vitamins
C and A and 12% for vitamin B6. Elderberries are specified to contain 660 U
of vitamin A, 0.230 mg of vitamin B6, and 36 mg of vitamin C (Charlebois et
al., 2010). Fruit juices obtained from elderberries are reported to contain var-
ious primary metabolites, including several organic acids. The most prevalent
acid in elderberries is citric acid, followed by malic acid, shikimic acid, and
fumaric acid (Veberic et al., 2009). Elderberries, with a high citric acid content
(4.81 g/kg FW), have been reported to be richer in organic acids compared to
other fruits such as cherries (0.54 g/kg FW), apples (0.52 g/kg FW), and sour
cherries (0.14 g/kg FW) (Veberic et al., 2009).

Phenolic compounds are recognized for their positive effects on human
health (Senica et al., 2016a). Phenolic compounds, considered micronutrients
in our diets, exhibit protective effects such as anti-allergenic, anti-inflamma-
tory, antithrombotic, anti-atherogenic, antimicrobial, vasodilatory, cardiopro-
tective, and preventative against degenerative diseases. The healing and ther-
apeutic properties of elderberries are attributed to the presence of phenolic
compounds (Dominguez et al., 2020), making it a valuable plant in terms of
bioactive polyphenolic compounds. The phenolic compounds found in elder-
berries include hydroxycinnamic acids, anthocyanins, flavanols, and flavonol
glycosides. Studies have identified a total of 54 phenolic compounds in vari-
ous elderberry species and hybrids (Kaack et al., 2008; Duymus et al., 2014;
Mikulic et al., 2015).

Dominguez et al. (2020) noted in their research that the most abundant
phenolic compound in elderberries is flavonoids, with rutin (813.08 pg/100
g) and quercetin (228.83 pg/100 g) being the main contributors. They also
reported the presence of phenolic acids, including gallic acid, gentisic acid,
and trace amounts of vanillic acid, ferulic acid, coumaric acid, and 4-hydroxy-
benzoic acid in elderberry extracts. Fazio et al. (2012) found a total phenolic
compound content of 54.2 mg GAE/g in elderberry seeds, identifying spe-
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cific compounds such as pelargonidin-3-rutinoside, cyanidin-3-sambubio-
side-5-glucoside, quercetin-3-rutinoside, and quercetin-3-glucoside. Phenolic
acids have been reported to exhibit antifungal and antibacterial effects against
bacteria and certain yeasts (Antolak et al., 2017). Flavonoids, on the other
hand, have been documented in numerous studies for their antioxidant, anti-
bacterial, antiviral, and antiallergenic properties (Pascariu and Isracl-Roming,
2022). Additionally, some research suggests that flavonoids may act synergis-
tically with other antibacterial agents (Antolak et al., 2017).

The pharmaceutical and food industries show a growing interest in nat-
ural antioxidant sources. Elderberry (Sambucus nigra L.) stands out among
many vegetables and fruits due to its high antioxidant capacity attributed to its
phenolic compounds (Bermudez-Soto et al, 2004; Seabra et al., 2008). This
characteristic is mainly derived from anthocyanins, a dominant phenolic com-
pound in elderberry. The literature also indicates that a significant portion of
elderberry’s polyphenol group is composed of anthocyanins and anthocyan-
idins (Dominguez et al., 2020). The antioxidant capacities of anthocyanins
have been associated with various diseases, including viral infections, cardio-
vascular disorders, arthritis, asthma (Kilham, 2000), and potential protection
against cancer (Veberic et al., 2009). The organic acids contained in the Black
Elderberry fruit are very important for human nutrition and health and are
important for the evaluation of this plant and its fruits.

The healing and therapeutic properties of elderberry are attributed to its
content of phenolic compounds (Dominguez et al., 2020). Therefore, the plant
is valuable in terms of bioactive polyphenolic compounds (Pliszka, 2017).
Phenolic compounds found in elderberry include hydroxycinnamic acids,
anthocyanins, flavanols, and flavonol glycosides. Studies have identified 54
different phenolic compounds from various elderberry species and hybrids
(Lee and Finn, 2007; Kaack et al., 2008; Duymus et al., 2014; Mikulic et al.,
2015). In their research, Dominguez et al. (2020) indicated that the predomi-
nant phenolic compounds in elderberry fruit are flavonoids, specifically rutin
(813.08 ng/100 g) and quercetin (228.83 pg/100 g). Additionally, in elderber-
ry extracts, they reported the presence of phenolic acids such as gallic acid,
gentisic acid, and trace amounts of ferulic acid, vanillic acid, coumaric acid,
and 4-hydroxybenzoic acid.

Senica et al. (2016a) in their study on elderberry products, they stated
that the anthocyanin contents of the products were higher than many berries.
Elderberry juice pressed from the fruit was found to contain cyanidin-3,5-di-
glucoside at 24.9 mg/100 ml, cyanidin-3-sambubioside-5-glucoside at 81.7
mg/100 ml, cyanidin-3-glucoside at 331 mg/100 ml, and cyanidin-3-sambubi-
oside at 379 mg/100 ml (Kaack et al., 2008; Schmitzer et al., 2012). When
compared to fruits like black figs (95 mg/100 g) and cherries (100 to 120
mg/100 g), elderberry showed a higher anthocyanin content (Del Caro and
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Piga, 2008; Usenik et al., 2008; Veberic et al., 2009).

Elderberry plants contain toxic compounds known as cyanogenic glyco-
sides, in addition to beneficial compounds (Senica et al., 2016b). These tox-
ic compounds are particularly accumulated in the leaves, seeds, and unripe
fruits of the elderberry plant (Senica et al., 2016b). Cyanogenic glycosides
(CNQG) are natural molecules in plants composed of secondary plant metabo-
lites (aglycon) and sugar components (Mazza and Cottrell, 2008; Bolarinwa
et al., 2015). It has been reported that cyanogenic glycosides are stored in the
vacuoles of plants and, in the event of any disruption to the plant tissue (such
as animal attacks, crushing, chewing, drought, freezing), they hydrolyze into
the toxic hydrogen cyanide (HCN) (Vetter, 2000). Panter (2018) stated that
cyanogenic glycosides are a type of glycoside and are relatively non-toxic
compounds for both animals and plants. They become toxic only when the
released hydrogen cyanide is enzymatically separated from the glycosides. It
has also been reported that enzymes increase hydrogen cyanide when the plant
is under stress or damaged, coming into contact with glycosides (Burrows and
Tyrl, 2013; Panter, 2018).

Elderberry is a rich source of phenolic compounds, and its antioxidant
activity is attributed to these compounds. Anthocyanin, a phenolic compound,
is dominant in elderberry and has been noted to significantly impact antiox-
idant activity. An increase in anthocyanin content is reported to enhance an-
tioxidant activity. The antioxidant activity of elderberry and its products has
been confirmed through in vitro studies (Sidor et al., 2015). Dawidowicz et al.
(20006) stated in their research that elderberry flowers, leaves, and fruits exhib-
it antioxidant activity. Moreover, elderberry has been reported to show higher
antioxidant activity than vitamins E and C (Thole et al., 2006).

Abuja et al. (1998) reported that even black elderberry fruits, which con-
tain anthocyanins at a low rate of 4 pg/mL, are more effective against perocyte
radicals than a-tocopheroxyl and a-tocopherols, and also have effects against
LDL oxidation. They stated that with these properties, it will be an important
product in the treatment of diseases caused by free radicals such as cardiovas-
cular, cancer, neurodegenerative, peripheral vascular disease, MS and autoim-
mune diseases.

Elderberry has been noted to have anticancer activity, primarily attributed
to cyanidin-3-O-glycoside, a predominant polyphenol (Marczylo et al., 2009).
Observations show that elderberry leaf and fruit extracts inhibit tumors in
leukemia (Goun et al., 2002; Sidor et al., 2015). Thole et al. (2006) also re-
ported that elderberry extract exhibited anticancer activity and attributed this
to certain polyphenolics found in elderberry (Sidor et al., 2015; Thomas et al.,
2020).
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Olejnik et al. (2016) examined the antioxidant activity of black elderberry
in an in-vitro study on human colonic cells. Research has shown that by pre-
paring and using black elderberry extract from freeze-dried black elderberries
at a concentration of 1 mg/ml, reactive oxygen production in colon cells was
reduced by 22% and oxidative DNA damage was reduced by 46%. In another
study, the effects of cyanidin-3-glycoside anthocyanin, the dominant phenolic
compound in black elderberry, on fatty acids in the liver of rats were examined
and it was observed that tocopherol levels in the liver decreased (Frank et al.,
2002).

Elderberry (Sambucus nigra) extracts, due to their rich phenolic compo-
sition, exhibit high antioxidant activity (Ferraria et al., 2020). Anthocyanins
significantly influence elderberry’s antioxidant activity. The antioxidant ac-
tivity of elderberry fruit is characterized by inhibition against DPPH radicals,
ranging from 82.08% to 89.25%. Elderberry’s antioxidant property is primar-
ily linked to the presence of phenolic compounds and, to a large extent, the
chemical structure of individual molecules and the composition of separate
fruits (Rice-Evans et al., 1996; Zheng and Wang, 2003).

In a study by Duymus et al. (2014), the IC50 value (the concentration
required to scavenge 50% of free radicals) for elderberry extract prepared with
70% acetone was determined to be 117 pg/mol, while for the extract prepared
with water, it was 123 pg/mol. Although none of the extracts exhibited activity
control as high as BHT, the highest inhibition concentration was found in the
70% ethanol extract, and it was noted that elderberry inhibited linoleic acid
oxidation. Generally, elderberry flower parts show higher antioxidant activ-
ity compared to fruit and leaf parts (Mlynarczyk et al., 2018). Researchers
found the TEC50 value for elderflower to be between 23-75 s, while for el-
derberry fruit, this time was recorded between 91-133 s. In another study, the
radical-scavenging property of elderflower extract was evaluated compared to
the standards rutin, BHT, and BHA. In this study, where elderflower extract
concentration (10 pg/mL) was lower than the concentrations of the standards
(40, 20, 20 pg/mL, respectively), DPPH inhibition (97.70%) was much higher
compared to the others (77.47%, 82.40%, 89.98%, respectively). The IC50
concentration of elderberry extract for inhibition (0.152 pg/mL) was lower
than the IC50 concentrations of rutin, BHT, and BHA (14.65, 4.407, and 1.120
ug/mL, respectively) (Stoilova et al., 2007).
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Conclusion

The food industry continuously develops and reformulates traditional
product formulations to meet the increasing demand for natural and function-
al foods. Therefore, in recent years, many natural sources have been utilized
instead of synthetic additives to promote healthy nutrition. Among these nat-
ural sources, plant-based products with high functional properties, such as the
black elderberry plant, are particularly prominent. The leaves and fruits of the
black elderberry plant are utilized in both the food and health sectors. Due
to its high anticancer, antiviral, antimicrobial, and antioxidant activities, it is
recommended for consumption by individuals for protection against diabetes
and ultraviolet radiation. Products derived from the black elderberry plant,
such as herbal tea, jam, marmalade, vinegar, fruit juice, and molasses, are
consumed as food. Its components are also used as additives in food items
to enhance color and increase nutritional value. Additionally, many brands
offer black elderberry extract as a dietary supplement. Its consumption is on
the rise in Turkey and worldwide due to its positive contributions to nutrition.
Raising awareness among producers in regions where elderberry is cultivated
and introducing a new understanding of production, processing, marketing,
and consumption of the resulting products can potentially create a new source
of income, especially for disadvantaged producers in rural areas. To contribute
more to production, it is also crucial from an organizational behavior perspec-
tive to support the current production and marketing practices of elderberry
producers and enhance them through the establishment of a cooperative. Di-
versifying elderberry and elderberry-derived products in line with consum-
er preferences for value-added products can also contribute to the economic
development of elderberry producers. The promotion of elderberry products
that have been produced should be done at festivals, fairs, and conferences
dedicated to healthcare professionals. Emphasizing the positive contributions
of these products to health can lead to increased revenue.
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INTRODUCTION

Cement-bonded wood boards are widely used composite building mate-
rials with outstanding properties, consisting of wood particles/strands/fibers/
wools, cement, water, and small amounts of cement setting accelerator. This
type of composite takes advantage of the natural characteristics of wood and
the structural properties of cement, resulting in a material that is suitable for
various construction and building applications, such as acoustic ceiling tiles,
siding, sub-flooring, roofing, insulating concrete forms, fencing, and roadside
noise barriers (Na et al. 2014; Aras et al. 2022). However, cement production
has significant environmental impacts, including carbon emissions, air and
water pollution, and habitat disruption. Economically, it affects infrastructure,
healthcare, and climate change costs, along with natural resource depletion
and regulatory compliance expenses (Das et al. 2023; Mohamad et al. 2022).
The utilization of supplementary cementing materials, such as ground gra-
nulated blast-furnace slag, silica fume, rice husk ash, and fly ash, as partial
substitution of Portland cement in cement-bonded wood boards and concrete,
is a sustainable and environmentally friendly practice that offers multiple ad-
vantages, including improved performance, reduced environmental impact,
energy savings, waste utilization, and potentially cost savings (Snellings ef al.
2019; Ramzi and Hajiloo, 2023).

There are many variables that affect the properties of cement-bonded
wood boards. One of these factors is the ambient temperature during cement
hydration. The curing temperature and time are well-known to have a signif-
icant effect on the cement’s hydration process and the cement-bonded com-
posite’s performance (Yel et al. 2020; Daneshvar et al. 2021; Ma et al. 2023).
Daneshvar et al. (2021) found that applying a curing temperature exceeding
40°C caused a reduction in the mechanical performance of concrete, including
interfacial bond strength. Ma et al. (2023) stated that curing temperature un-
der 0 °C inhibited the cement’s hydration reaction and destroyed the bonding
effect between the cement matrix and the basalt fiber. Ji ef al. (2023) reported
that high-temperature curing enhanced the cement paste system’s compres-
sive strength through an impact on the Ca(OH),-based reaction rate during
the initial stage. A study by Lu et al. (2022) demonstrated that raising the
curing temperature (5°C to 50 °C) considerably improved the properties of
cement-bonded composites subjected to CO, curing. In another study by De-
schner et al. (2013), who researched the temperature impact on the Portland
cement hydration process mixed with 50 wt.%fly ash, it was found that the
cement hydration accelerated as the temperature rose from 7 °C to 80 °C. On
the other hand, Humbert ez al. (2019) reported that the temperature exceeding
60 °C obstructed the carbonation process due to the rapid water evaporation.
Wang et al. (2011) explored the effect of curing temperatures (0 °C, 20 °C, 40
°C, and 60 °C) on the hydration degree and durability values of activated- coal
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gangue and fly ash-cement blends and stated that raising the curing temper-
ature in cement with supplementary cementing materials substantially accel-
erated the reaction of hydration and improved the durability values. Yel et al.
(2020) researched the temperature effect on wood-cement composites pro-
duced from Portland cement and two different tree species (poplar and spruce)
and reported that the optimal temperature was 40 °C for the cement-bonded
wood panels made of poplar and 60 °C for the cement-bonded wood panels
made of spruce. A work by Aras et al. (2022) on the effect of press tempera-
tures (20 °C and 60 °C) on the technological features of the cement-bonded
wood boards produced from Portland cement and CCA-treated scotch pine
planer shavings showed that high-press temperature enhanced the boards’
mechanical and dimensional stability properties compared to the low press
temperature. Another study conducted by Aras and Yel (2023) on the impact
of press time and temperature on the performance of cement-bonded particle-
boards made from poplar veneer wastes and Portland cement demonstrated
that physico-mechanical properties enhanced with increasing pressing time.

This study investigated the impact of temperature employed during the
first 24 hours of cement curing on the physical and mechanical performances
of cement-bonded wood boards produced from spruce planer shavings and
Portland cement blended with 10 wt.% of silica fume.

MATERIAL AND METHODS

Materials

Spruce wood (Picea orientalis (L.) Link.) planner shavings were provid-
ed by the Artvin Coruh University’s Furniture Workshop in Artvin, Tiirkiye.
The spruce planner shavings were initially hummer milled into particles and
then screened to obtain fine particles. The spruce particles retained on a 0.5-
mm sieve and passed through a 3-mm sieve were used for making the ce-
ment-bonded wood boards. CEM II 32.5R type Portland cement supplied by
Askale Cement Co. (Turkey) was employed as a mineral binder in this study.

Tablo 1. Composition of silica fume and Portland cement

Oxide Portland cement (wt.%) Silica fume (wt.%)
SiO, 19.60 91.92

Fe O, 2.13 0.20

ALO, 4.20 0.42

CaO 57.85 2.06

MgO 1.50 3.69
SO, 2.59 0.37
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Silica fume used as a substitute for Portland cement was supplied by Eti
Electrometallurgy Inc. in Antalya, Tiirkiye (Figure 1). The compositions of
Portland cement and silica fume are depicted in Table 1. To reduce the in-
hibitory effect of spruce wood particles on cement hydration, calcium chlo-
ride (CaCl,) was added to the mixture at 5% w/w of the cement for all board
groups. Calcium chloride replaced an equivalent weight of cement.

Manufacture of Cement-Bonded Wood Board

Production parameters of the cement-bonded wood boards are presented
in Table 2. Wood-cement ratio (w/c) of 1:3, water-cement ratio (w/c) of 0.61,
specific gravity of 1200 kg/m?, 10 wt.% replacement ratio of silica fume with
Portland cement, and addition of 5 wt.% CaCl, were constant for all the ce-
ment-bonded wood boards. 10 wt.% silica fume and 90 wt.% Portland cement
were homogeneously blended by a mechanical mixer prior to the production
of boards. After that, silica fume-Portland cement blend, water, wood parti-
cles, and calcium chloride solution (accelerator) were mixed until a homog-
enous mixture was obtained. The mixture was then formed into a compact
laminate mold sizing 450 mm X% 450 mm x10 mm. Afterwards, all the formed
mats were compressed by a hot press at 18-20 kg/cm? pressure and at differ-
ent temperatures (20 °C, 30 °C, 40 °C, 50 °C, and 60°C) for 24 h. After 24-h
compression process, the cement-bonded wood boards were transferred to a
climate room at 65% relative humidity and 20 °C for 4 weeks. Two replicated
test boards were produced for each condition to derive reliable conclusions
through statistical analysis of the results. After 28 days of curing, the condi-
tioned boards were cut by a circular saw into test specimens to evaluate their
physical and mechanical performance.

Table 2. The production design of cement-bonded wood boards

Board ID |Silica Fume|Cement|Applied Temp.|Other parameters
(Wt.%) (Wt.%) (°C) for 24 h

SF20 10 90 20 Wood-cement ratio: 1/3
Water-cement ratio: 0.61

SF30 10 90 30 Board size: 450 mmx450
mm x10 mm

SF40 10 20 40 Press pressure: 18-20 kg/

2

SF50 10 90 50 cm )
Cement curing accelerator:

SF60 10 90 60 CaCl,, 5% w/w of the
cement)
The board target density:
1.2 g/lem?
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Test Procedure

The moisture content (MC) values of specimens were determined in ac-
cordance with the EN 322 standard (1993), and density was evaluated by the
EN 323 standard (1993). Thickness swelling (TS) and water absorption (WA)
tests were conducted on the specimens with the size of 5 cm*5 cm*1 cm, sub-
merged under distilled water for 24 h, in accordance with the EN 317 standard
(1993).

Modulus of elasticity (MOE) and modulus of rupture (MOR) tests were
implemented in accordance with the EN 310 (1993) standard. Moreover,
screw withdrawal resistance (SWR) and internal bond strength (IB) tests were
done following the EN 320 (2011) and the EN 319 (1993) standards, respec-
tively. Zwick Universal Testing Machine was used to conduct all the mechan-
ical tests.

Using the SPSS 21.0 package software, the data from the mechanical and
physical tests were subjected to analysis of variance (One-Way ANOVA) to
compare the means of board groups. Duncan’s test was applied to determine
homogeneity groups as the difference between the means of the panel groups
was significant (p< 0,05).

RESULTS AND DISCUSSION

Physical properties

Figure 1 illustrates the cement-bonded wood boards’ density and mois-
ture content means with homogeneity groups and standard deviations. It was
observed that the effect of the temperature applied during the first 24-h of
cement curing on the moisture content and density of the boards was statisti-
cally significant. The moisture content values ranged from 10,77% to 11,77%,
while the density values ranged from 1,22% to 1,26% after 24-h immersion.
The density values were highest in the boards (SF-60) produced at 60 °C and
lowest in the boards (SF-30) produced at 30 °C. Raising the temperature app-
lied during the production slightly increased the density of the boards. Similar
results were found by Gallucci et al (2013), who demonstrated that the density
of cement paste increased as the curing temperature rose from 5 °C to 60 °C.
According to Gallucci et al (2013), this increase in the density was linked to
the reduction of bonded water. In another study, Kaleta-Jurowska and Ju-
rowski (2020) reported that concrete’ density slightly increased as the curing
temperature rose from 12 °C to 30 °C. The moisture content values were hi-
ghest in the boards (SF-40) produced at 40 °C and lowest in the boards (SF-
20) produced at 20 °C. The moisture content of the boards increased as the
temperature increased up to 40 °C, but as the temperature rose above 40 °C,
the moisture content tended to decrease. According to the EN 631-1standard
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(1999), the moisture content limit values for cement-bonded particleboards
are 9+3%. All the boards’ moisture content values (10,77% - 11,78%) satisfied
the standard requirements.
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Figure 1. Density and moisture content of the cement-bonded wood boards (Error
bars show the standard deviations, the letters refer to the homogeneity groups)

Figure 2 presents the experimental boards’ water absorption (WA) and
thickness swelling (TS) mean values with homogeneity groups and standard
deviations after being immersed in water for 24 hours. The effect of the tem-
perature applied during the first 24-h of curing on the WA and TS values of
the boards was statistically significant. It was seen that raising the tempera-
ture applied during the first 24-h of curing resulted in decreased WA and TS
values of the boards. The water absorption values ranged from 13,13% to
14,51%, while the thickness swelling values ranged from 1,05% to 1,711%
after 24-h immersion. Both the WA and TS values were highest in the boards
(SF-20) produced at 20 °C and lowest in the boards (SF-60) produced at 60
°C. Similar results were found by Aras et al. (2022), who concluded that the
cement-bonded particleboards produced at 20 °C had higher water absorp-
tion and thickness swelling values than the boards produced at 60 °C. The
elevated temperature promoted the silica fume’s pozzolanic activity and the
cement hydration reaction, which resulted in producing more calcium silicate
hydrates and more compact microstructures through its reaction with calcium
hydroxide supplied by the cement hydration (De Weerdt et al. 2012; Wang
et al. 2023). Therefore, the WA and TS properties of the boards significantly
improved as the curing temperature increased. In EN 634-2 standard (2009), it



International Research and Reviews in Agriculture, Forestry and Aquaculture Sciences - 195

is stated that the maximum thickness swelling values for cement-bonded par-
ticleboards must be 1,5%. Thickness swelling values (in the range of 1,05%
- 1,38%) of all the board groups, except the boards (SF-20) produced at 20 °C,
met the standard requirement mentioned above.
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Figure 2. Water absorption and thickness swelling values of the cement-bonded
wood boards (Error bars: the standard deviations, and the letters: the homogeneity

groups)

Mechanical Properties

The boards’ modulus of rupture (MOR) and modulus of elasticity (MOE)
values with homogeneity groups and standard deviations are depicted in Fig-
ure 3 and Figure 4. The effect of temperature applied during the first 24-h of
curing on the MOR and MOE values of the cement-bonded wood boards pro-
duced from Portland cement blended with 10 wt.% of silica fume was found
to be statistically significant. The modulus of rupture values of the boards
ranged from 15,49 N/mm? to 16,02 N/mm?, while the MOE values ranged
from 8037 N/mm?to 9160 N/mm?. Both MOR and MOE values were highest
in the boards (SF-40) produced at 40 °C and lowest in the boards (SF-20)
produced at 20 °C.
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Figure 3. MOR values of the cement-bonded wood boards (Error bars show the
standard deviations, and the letters on the columns refer to the homogeneity groups)

It was recorded that the MOE and MOR values of the boards increased
as the temperature increased up to 40 °C during the first 24 hours of cement
curing. The elevation of temperature accelerates both Portland cement hydra-
tion and silica fume pozzolanic reactions, resulting in improved mechanical
properties (Deschne et al. 2013; Daneshvar et al. 2021). However, the bending
properties of the boards tended to decrease as the temperature rose above 40
°C. Some research demonstrated that using a curing temperature exceeding 40
°C can have an adverse effect on the cement-bonded composites’ mechanical
performance, including elastic modulus, fracture energy, compressive, ten-
sile, and flexural strengths (Wang, P. & Liu, X. 2011; Fan et al. 2017; Wang
et al 2020). In addition to the acceleration of the cement hydration reaction,
high temperatures exceeding 40°C change the properties of hydration prod-
ucts and lead to a porous structure within the cement matrix (Gallucci et al.
2013; Daneshvar et al. 2021). Similar results were reported by Wang and Liu
(2011), who researched the impacts of curing temperature on activated coal
gangue/fly ash-cement blends and concluded that cement hydration, pozzo-
lanic reaction, and concrete strength were enhanced by increasing the curing
temperature up to 40 °C, but when the curing temperature reached 60 °C,
the pore structure deteriorated and the strength values decreased. They also
reported that the acceleration effect of temperature was more significant on
cementitious supplementary materials than on cement clinker. According to
the EN 634-2 standard (2009), the minimum MOR and MOE requirements
for cement-bonded particleboards are 9 N/mm? and 4500 N/mm?, respectively.
Therefore, the modulus of rupture (15,49 N/mm? — 16,02 N/mm?) and modu-
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lus of elasticity (8037 N/mm? — 9160 N/mm?) of all the board groups satisfied
the standard requirements mentioned above.
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Figure 4. Modulus of elasticity of the cement-bonded wood boards (Error bars show
the standard deviations, and the letters on the columns refer to the homogeneity

groups)

The experimental boards’ screw withdrawal resistance (SWR) and inter-
nal bond strength (IB) mean values with homogeneity groups and standard de-
viations are presented in Figure 5 and Figure 6 below. Based on the statistical
analysis results, it was concluded that the temperature applied during the first
24 hours of cement curing significantly affected the IB and SWR values of the
boards produced from Portland cement substituted by 10 wt.% of silica fume.
The SWR values of the boards ranged from 112 N/mm to 138,7 N/mm, while
the internal bond strength values ranged from 1,35 N/mm?to 1,68 N/mm?.
Moreover, the screw withdrawal resistance values were highest in the boards
(SF-50) produced at 50 °C and lowest in the boards (SF-20) produced at 20
°C, while the internal bond strength values are highest in the boards (SF-40)
produced at 40 °C and lowest in the boards (SF-20) produced at 20 °C. It was
seen that the SWR and IB values of the boards were improved as the temper-
ature rose up to 50 °C and 40 °C during the first 24 hours of cement curing,
respectively. On the other hand, the test results indicated that the screw with-
drawal resistance and the internal bond strength values were reduced as ex-
ceeding these temperatures (50 °C for SWR and 40 °C for IB). It was thought
that the elevated curing temperature up to 40 °C and 50 °C significantly en-
hanced IB strength and SWR values because increasing the curing tempera-
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ture stimulated the Portland cement and silica fume’s pozzolanic reactions,
which resulted in forming more calcium silicate hydrate gels and stronger
interfacial bond strength (Daneshvar et al. 2021; Lu et al. 2022). However,
IB strength and SWR values tended to reduce as the curing temperature rose
above 50 °C, due to higher porosity and more heterogeneous distribution of
hydration products (Wang and Liu 2011; Daneshvar et al. 2021). According to
the EN 634-2 standard (2009), the minimum internal bond strength value must
be 0,5 N/mm? for cement-bonded particleboards. All the board groups yielded
internal bond strength values over the related standard requirement.
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Figure 5. Screw withdrawal resistance of the cement-bonded wood boards (Error
bars show the standard deviations, and the letters on the columns refer to the
homogeneity groups)
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Figure 6. Internal bond strength of the cement-bonded wood boards (Error
bars show the standard deviations, and the letters on the columns refer to the
homogeneity groups)

CONCLUSION

This work investigated the impact of the variation of curing temperatures
(20 °C, 30 °C, 40 °C, 50 °C and 60 °C) on some technological properties of
cement-bonded wood boards made of Portland cement added with 10 wt.%
silica fume. The key conclusions to be drawn from the findings are set out
below:

e The temperature applied during the first 24 hours of cement curing
significantly affected the properties of cement-bonded wood boards produced
from Portland cement substituted with 10 wt.% silica fume.

e Raising the temperature led to a slight increase in the density values
of the boards. As the temperature increased up to 40°C, the moisture content
of the boards increased and then decreased.

e Both WA and TS values of the boards were remarkably reduced as the
curing temperature rose from 20 °C to 60 °C. In addition, thickness swelling
values (in the range of 1,05% - 1,38%) of all the board groups, except for the
boards (SF-20) produced at 20 °C, satisfied the minimum thickness swelling
requirement (<1,5 %) specified in the EN 634-2 standard (2009).

e The MOR, MOE, and IB values were highest in the boards (SF-40)
produced at 40 °C while SWR values were highest in the boards (SF-50) pro-
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duced at 50 °C. Moreover, the lowest mechanical properties were found in the
boards (SF-20) produced at 20 °C.

e MOR, MOE, and IB values of the cement-bonded wood boars pro-
duced at all the temperature levels exceeded the minimum standard require-
ments (9 N/mm? for MOR, 4500N/mm? for MOE, and 0,5 N/mm? for IB) sti-
pulated in the EN 634-2 standard (2009).

e Generally, it was concluded that the temperature applied during the
first 24 hours of cement curing significantly improved the properties of ce-
ment-bonded wood boards produced from spruce planner shavings and Port-
land cement substituted with 10wt.% of silica fume, and the optimal tempera-
ture is 40 °C for the production of these type boards.

e Further research is needed to determine the impacts of curing tem-
perature on the performance of cement-bonded wood boards manufactured at
different wood/cement/water ratios and temperature duration by using other
tree species and supplementary cementing materials.
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We have not fully explored the biological richness in the world and in our
country. Although numerous studies have been conducted on this subject, they
are still not sufficient. Nevertheless, these riches are under threat of extinction
due to the boundless desires of humanity. Both globally and in our country,
intensive agricultural activities and industrialization rapidly deplete natural
resources, limiting the living conditions of various taxa. Many living taxa are
harmed, and their populations are endangered due to the increasing negative
impacts every day. The harm or disappearance of any taxon in an ecosystem
also affects other organisms in the life cycle. Therefore, every study aimed at
revealing biological richness becomes much more crucial from this perspec-
tive (Kalafat, 2008).

Approximately 1.8 million years ago, when the glacial periods began, fau-
na elements from Central and Northern Europe and Western Siberia started mi-
grating southward (to Anatolia). Fauna elements from Siberia passed through
the Caucasus to reach the Iran-Caspian refuge, while those from Central and
Northern Europe, including the Balkans, reached the Macedonia-Thrace ref-
uge. Subsequently, over time, or directly from these two refuges, they began
to spread towards Anatolia. Balkan fauna elements spread to Anatolia through
two routes. The first one is the Aegean route followed by freshwater forms
from Southern Europe. The current Aegean Sea was a landmass at that time,
and a large freshwater river named Egeopotamus flowed through it, reach-
ing the Mediterranean. Many primary freshwater forms of European origin
spread to Anatolia through the branches of this river originating from Europe.
The presence of an internal lake consisting of many lakes scattered across
the region of present-day Central Anatolia, occasionally allowing the passage
of freshwater elements, is one of the most important factors facilitating this
spread. Freshwater elements arriving in Anatolia through the Tuna Route via
the Bosphorus and the Marmara route, reaching the internal lake, spread to
all of Anatolia through rivers and streams (Kazanci, 1991; Demirsoy, 2002).

Aquatic systems are divided into lotic and lentic ecosystems. Life in
both water systems depends on the presence of various taxa. The discharge
of waste that can harm the lives of organisms and restrict their habitats into
receiving environments such as the sea, rivers, lakes, bays, and gulfs changes
and disrupts the physicochemical structure of these systems, causing signifi-
cant changes in the substrate structure as well. As a result of all these adverse
effects, water environments under intense pollution become limited areas for
living organisms and also restrict the self-cleaning abilities of these systems.
Any pollution in the aquatic environment negatively affects many taxa and
leads to the loss of our still not fully known inland biological diversity, espe-
cially (Kocatas, 1996; Arslan, 1998; Ulukiitiik, 2009).

Invertebrates that inhabit the benthic region are important links in the
food chain of aquatic ecosystems. Research has shown that these organisms



International Research and Reviews in Agriculture, Forestry and Aquaculture Sciences * 207

are consumed by fish and some crustaceans, containing essential nutrients,
especially protein. In addition, some researchers have used these organisms as
bioindicator organisms based on their different characteristics (Sahin, 1991).

@ Toni Liobet

Figure 1. Some of the organisms in the river ecosystem (Aydemir, 2014)

Most of the terrestrial ecosystem debris mixes in the river ecosystem.
Pollutants such as excessive nitrite, nitrate, and phosphate that enter the river
ecosystem in large quantities break down organic matter along with inorganic
nutrient salts. Organic enrichment in rivers can lead to oxygen deficiency and
diseases in organisms. This condition is called organic pollution. Inorganic
enrichment disrupts the balance of oxygen by causing an increase in primary
production. It leads to excessive development of plants and algae, considered
as pollution, and its impact on macroinvertebrates is similar to the effect of
organic pollution (Hawkes, 1979; Kirkagac¢ and Koksal, 2014).

At the taxonomic level, Plecoptera is the group with the lowest tolerance
to organic pollution, while Oligochacta members have the highest tolerance.
Tolerance levels in other orders vary at the taxonomic level. Many leeches
are tolerant to organic pollution and can survive in oxygen-deprived environ-
ments for extended periods. However, the most critical factor affecting their
distribution in polluted waters is the presence of hosts or prey in the environ-
ment. For example, Piscicola geometra is a fish parasite and cannot be found
in fishless environments. Glossiphonia complanata feeds on aquatic snails,
while Helopdella stagnalis, Asellus aquaticus, and Erpobdella octoculata
feed on Oligochaeta and Chironomid larvae.

From the Crustacea class, Gammarus pulex pulex and Asellus aquati-
cus can only live in shallow and fast-flowing areas of rivers exposed to or-
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ganic pollution, while Asellus aquaticus is tolerant to low oxygen conditions.
Ephemeroptera (except Ephemerellidae and Caenidae) and Trichoptera are
groups that cannot tolerate organic pollution. Members of the Odonata order
are found in slow-flowing areas and are tolerant to organic pollution. The
tolerance of Hemiptera, Coleoptera, and Diptera orders to organic pollution
varies at the taxonomic level. Among mollusks, Lymnaea and Physa are the
most tolerant genera to low oxygen conditions (Hawkes, 1979; Kirkaga¢ and
Koksal, 2014).

Macroinvertebrates, plankton, algae, macrophytes, and fish are deter-
mined as important indicators in assessing water quality in the Water Frame-
work Directive accepted by European Union member countries (WFD, 2000).
Among these groups, macroinvertebrates attract the most attention. These or-
ganisms are often preferred in water quality studies due to their longer life
cycle compared to macrophytes and algae, their quicker response to environ-
mental changes compared to fish, ease and cost-effectiveness of collection,
and sufficient diagnosis at the genus and family level (Bonada et al., 2006;
Zeybek and Kalyoncu, 2012).

With pollution in rivers, community diversity decreases, and as pollution
increases, more sensitive taxa replace tolerant ones. The data obtained from
studies are used to calculate various measurements for comparing sampled
stations or determining the responses of macroinvertebrates to pollution. The
most commonly used of these measurements are biotic or diversity indices
(Zischke et al., 1992; Kirkagag and Koksal, 2014).

Natural water sources are more important as they are used for drinking
and irrigation water. Hosting many organisms that are important in the food
chain and sensitive to environmental changes also increases their importance.
Rivers, as one of the natural water sources, are rich in oxygen due to their
shallow depths and continuous flow. Rivers are sensitive to organic matter
pollution. Bacterial activity during decomposition leads to a decrease in ox-
ygen in the water. Pollution of rivers in this way or chemically is one of the
most significant problems of industrial areas with a high population. Organic
materials from pollutant sources accumulate over time at the bottom of the
water, forming pollution in sediments. This negatively affects organisms liv-
ing at the bottom.

In determining the pollution of rivers, biological assessments should be
considered along with chemical parameters. Macroinvertebrate communities
can be used as indicators in biological assessments since they are sensitive to
ecosystem changes and pollution. Macroinvertebrates living in polluted water
are stressed in clean water, and those living in clean water are stressed in pol-
luted water and cannot become dominant taxa. This situation facilitates inter-
pretations about pollution. Macroinvertebrates provide information about the
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extent of pollution because they cannot easily escape from pollution (APHA,
1998; Demir, 2005). In river ecosystems, the general characteristics of some
taxa of macroinvertebrate fauna, which spend their entire life or a part of it,
are given below;

1. Planariidae: General Characteristics

Planaria species belong to the phylum Platyhelminthes and generally rep-
resent a class comprising small and free-living members.

Prolonged throat

Figure 2. General appearance of Planaria (Aydemir, 2014).

Flatworms are worm-like organisms with unsegmented bodies, mostly
flat, and often leaf-shaped. Their bodies are covered with epidermis and a
muscle sheath beneath it (Demirsoy, 1998). They move using cilia. The ma-
jority of them are carnivorous. While many taxa are found in oceans and
freshwater environments, some taxa can also inhabit moist areas. Planaria,
being hermaphroditic, can reproduce sexually and, at the same time, asexually
through regeneration. Planaria also have a central nervous system. They lack
circulatory fluid in their bodies, and the movement of substances in the body
cavity is facilitated by the motion of muscles.

2. General Characteristics of Nematoda

Roundworms, also known as nematodes, constitute the most abundant
phylum of invertebrates globally, featuring a cylindrical body shape. Many
taxa within this phylum cause significant damage to both animals and plants.

Anatomically and morphologically, roundworms are relatively simple
organisms. Their sizes range from 0.25 to 3 mm, with diameters varying be-
tween 1 and 20 p. They lack some of the complex systems found in higher an-
imals, such as respiratory, circulatory, and skeletal systems. Their nervous and
excretory systems are composed of simple cell structures. The most developed
systems among them are the digestive and reproductive systems. Their bodies
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are elongated, cylindrical, and exhibit bilateral symmetry. False coeloms are
present in their anatomy.

Figure 3.The general appearance of Nematoda (Aydemir, 2014).

Reproduction is exclusively asexual, yet in numerous taxa, population
growth occurs when environmental conditions are favorable, and reproduc-
tion takes place through parthenogenesis, with females laying eggs shortly
after the inclusion of a female individual. Males are present in the population
at very low frequencies (Anonymous, 2014c¢)

3. General Characteristics of Oligochaeta

Oligochaeta exhibits both terrestrial and aquatic forms, with some forms,
especially members of Enchytraeidaec and Lumbricidae, being found in both
soil and aquatic systems. The faunal distributions and densities of aquatic Oli-
gochaeta taxa are utilized as indicators of water quality. The bodies of Oli-
gochaeta are typically homonomous segmented, possessing a pre-oral pros-
tomium, bilateral symmetry, a spacious coelom, and hermaphroditic worms.
They have thin-skinned, transparent, and small bodies. Their sizes generally
range from 0.5 mm (some Chatogaster taxa) to 400 mm (Haplotaxis gordioi-
des), with certain soil forms capable of reaching much larger sizes. The bodies
consist of numerous segments separated by dissepiments. The number of seg-
ments in the body varies according to subfamilies and taxa.

Segments are separated by ring-like grooves, which are more pronounced
and visible externally in some taxa (Sperber, 1948; Brinkhurst and Jamieson,
1971; Riizgar, 2010).
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Figure 4. General appearance of Oligochaeta (Aydemir, 2014).

In Oligochaeta taxa, both mating and reciprocal fertilization are observed.
Most of them inhabit moist soils or freshwater environments, with some found
in marine ecosystems. Those residing in freshwater are predominantly found
in shallow waters, residing in mud and among algae on the floors of lakes and
streams. The distribution of taxa is influenced by factors such as food size,
biotic factors, and the characteristics of water and sediment (Y1ldiz, 2003).

4. General Characteristics of Gastropoda

Snails are mollusks belonging to the Gastropoda class, with spiral dor-
sal shells, herbivorous and carnivorous habits, and a broad foot consisting of
strong muscles, enabling them to move or swim. They are found in our seas, on
land, and in freshwater habitats. In terrestrial species, the mantle has evolved
into a lung, while in aquatic species, it has transformed into gills. Snails are
asymmetrical and mostly have a single-shelled structure that coils around a
non-symmetrical center or forms a column. Their shells contain varying num-
bers of coils, with the top of the shell being flat and narrow, and the final coil
being broad, circular, oval, or open at the edges.

The head of snails is distinct, with two eyes on their tentacles. The flat
and well-developed foot on the ventral side facilitates crawling movement,
and internal organs are located within a twisted shell on the dorsal side. The
respiratory organs and anus are situated in the cavity formed by the change in
the mantle on the dorsal side. In aquatic species, there is water circulation in
this cavity. The mantle cavity is positioned on the anterior side of the dorsal
region. The shell is attached to the body from the beginning of the last coil
emerging from the back of the foot to the columella and is secured with the
help of the columellar muscle. Through this muscle, the body can be retracted
into the shell. Many gastropods can completely retract their head and foot
into the shell. To seal the opening, they use an operculum, a horn-like struc-
ture made of chitinous and calcareous material, which grows concentrically
or spirally.
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Most gastropods are hermaphroditic, while some are dioecious. The re-
productive organs of hermaphrodites exhibit a more complex structure. (Hy-
man, 1967; Demirsoy, 1998; Riizgar, 2010).

/‘Sjiral Shell

-
Muscular foot

N
Radula with mouth

Figure 5. The general appearance of Gastropoda (Aydemir, 2014).

Snails are animals that can be found in freshwater, oceans, and various
environments. They inhabit moist areas and are consistently visible in the fall
months when there is abundant rainfall and the air has not cooled complete-
ly. They produce a shiny, mucous-like fluid that allows them to leave a trail
wherever they go. The dried mucous between their shells and bodies prevents
them from losing moisture.

During winter, they reduce their activity by burrowing underground or
into tree hollows. Similarly, in extremely hot summer conditions, they exhibit
similar behavior. While primarily herbivorous, they can also be carnivorous
or omnivorous. Snails are most active when it rains. Numerous animals feed
on snails, including birds, small mammals, lizards, frogs, centipedes, insects,
and certain larger snail taxa (Anonymous, 2014ee).

5. General Characteristics of Bivalvia.

They belong to the phylum Mollusca and constitute a class within it. They
feed on waterborne particles by filtering water. Their body is enclosed within
two shells that are hinged together. They are commonly known as bivalves,
characterized by their symmetrical, two-shelled structure. The entire class
comprises approximately 30,000 taxa, inhabiting either freshwater or marine
environments.
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Figure 6. The general appearance of Bivalvia (Aydemir, 2014).

The movement of the shells is akin to a lock against each other. The pro-
jections (teeth) on one shell and the sockets (grooves) on the other shell are ar-
ranged to interlock. The structure of this hinge is used as a taxonomic feature
(Demirsoy, 2003). The shell embryonically forms as a uniform plate and later
transforms into a two-part structure. Calcification begins from a pair of points
on the hinge (junction point) and progresses towards the edge of the shell. The
tips of the shell grow by the accumulation of new material. The addition of
these rings at the outer part results in the formation of growth rings often used
for age determination (Demirsoy, 2003).

The reproductive glands come in pairs. These typically branch, filling the
spaces between intestinal folds and occasionally extending into the interior of
the foot and mantle lobes. Therefore, a mussel can produce up to 1,000,000

eggs.

Many bivalves live attached, either partially or entirely, exhibiting a sed-
entary (sessile) lifestyle, while some are capable of swimming. There are taxa
that bury themselves in the substrate, and the depths of burial vary. Most are
found in marine environments, with a small portion occurring in freshwater;
however, they do not have terrestrial forms. Some taxa are consumed by hu-
mans. As members of the lower levels of the food pyramid, they are economi-
cally important not only as a food source but also for forming pearls and serv-
ing as intermediate hosts in the life cycles of some parasites in parasitological
contexts (Demirsoy, 2003).

6. General Characteristics of Pseudoscorpionida

Their external appearance closely resembles true scorpions. Their sizes
range from 0.8 to 8 mm, and their bodies are flattened. The cephalothorax,
in some cases, may be divided into three regions by two transverse lines. In
scorpions, the opisthosoma is divided into mesosoma and metasoma. Pseu-
doscorpions lack the metasoma (tail) region. The first abdominal segment lost
in scorpions is distinct in these taxa. Similar to scorpions, the abdomen is
attached to the cephalothorax in its full width (Demirsoy, 1998).
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Figure 7. Pseudoscorpionida’nmin genel goriiniisii (Aydemir, 2014).

They have undergone significant modifications compared to scorpions.
Their chelicerae emerge just below the anterior edge of the cephalothorax.
The pincers consist of only two parts. Their pedipalps resemble those of scor-
pions; however, venom glands open to the outside from the tips of the pincers.
They move slowly and keep their pedipalps in the air while in motion. After
capturing their prey, they immobilize it with the venom from the pedipalp. The
liquefied contents of the immobilized animal are then absorbed by inserting
the head into the prey. Sexual dimorphism is minimal.

While they are found worldwide, their primary habitats are tropical and
subtropical regions. They can live under the bark of trees, among leaf litter,
in the soil, under rocks in arid areas, and even in the nests of some mammals
(Demirsoy, 1998)

7. General Characteristics of Ostracoda

Ostracods, belonging to the extensive and significant class Crustacea, are
bivalve organisms. Despite their microscopic size (0.2-2 mm, rarely 32 mm),
they may not be conspicuous taxa, but with accurate sampling, a diverse range
of taxa can be found in aquatic environments. To date, approximately 25,000
ostracod taxa have been identified, including fossil records. There are approx-
imately 12,500 extant taxa, with 3,000 in freshwater and 9,500 in marine en-
vironments (Cohen et al., 2007; Pagal 2010).
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Figure 8. General appearance of Ostracoda (Aydemir, 2014).

Although some Ostracoda taxa inhabit terrestrial environments, they are
found in various aquatic habitats, including oceans, seas, lakes, ponds, rivers,
and marshes, from coastal regions to depths of 7000 m (in littoral, bathyal,
abyssal, and hadal zones) (Pinto et al., 2005; Cohen et al., 2007; Pinto et al.,
2008; Pacal, 2010). The majority are benthic, residing on various substrates
such as rocky, gravelly, sandy, muddy, and algal-covered surfaces. They can
live by swimming on the surface of the sea floor or by digging cavities be-
neath the surface sediment. Some ostracod taxa typically swim short distances
above the seafloor at night for feeding and mating (Pagal, 2010).

The primary food source for these taxa consists of epiphytic algae grow-
ing on submerged macrophytes in the water (Altinsagli and Altinsagli, 2005;
Pagal, 2010)

8. General Characteristics of Isopoda

Woodlice (Isopoda) are small to medium-sized organisms with lengths
ranging from 1mm to 27 cm. Their general color is gray or brown. Their bod-
ies are compressed dorso-ventrally and more or less oval-shaped. The chitin-
ous cuticle covering the skin, especially in those living on land, has become a
very hard structure. The abdomen is short compared to the thorax, and there
is never a carapace. Compound eyes are located on the sides and are sessile.
Woodlice are dioecious, and males and females are distinguished from each
other in some species by significant external structural differences.
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Figure 9. General appearance of Isopoda (Aydemir, 2014).

Most woodlice live in the seas, with a significant portion inhabiting ter-
restrial environments and a small number residing in freshwater; a few taxa
are parasitic. Their movement can involve walking, crawling, or swimming,
with only a few capable of continuous swimming. They can be carnivorous,
herbivorous, or omnivorous in terms of nutrition, with some parasitic spe-
cies feeding on blood. Typically, their lifespan is around 1-2 years (Demirsoy,
1998).

9. General Characteristics of Amphipoda

Woodlice have flattened bodies laterally. The number of body segments
is always 14 in taxa. Eight of these segments are in the thorax, and six are in
the abdomen region. All segments bear appendages. They possess a total of 7
walking legs (periopods), with the first 4 pairs directed forward and the last
3 pairs directed backward. The abdomen is divided into two parts: metasome
and urosome, each consisting of three segments. The last part of the abdomen,
which does not contain appendages and ganglia, is not considered a segment.
This part is called the telson. The telson may remain simple or be partially or
completely divided into two by a slit running through the middle. There is no
carapace. Compound eyes are sessile and located on both sides of the head.
The general shape and sizes of the compound eyes may vary among taxa.
Some members, such as Niphargus sp., lack eyes (Gledhill et al., 1993; ipek,
2009; Ozbek, 2011)
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Figure 10. General appearance of Amphipoda (Aydemir, 2014).

Fertilized egg development takes place within the brood pouch. Their de-
velopment is direct, and the newly hatched larvae resemble the adult in terms
of major features and the number of appendages. However, the number of
antenna segments and the shapes of the appendages differ from adults (Demir-
soy, 1999; Ipek, 2009; Ozbek, 2011).

In aquatic habitats, gammarids are generally benthic inhabitants, although
many can also move by swimming. The propulsive force for swimming is pro-
vided by the movement of pleopods and uropods. Movement on the substrate
can also occur through the walking motion of the thoracic appendages and
partially the pleopods. During this fast walking on the bottom, the animal
typically moves sideways on one side of its body, a movement pattern specific
to the family. Taxa living in fast-flowing waters are found under small stones
and in the sand on the bottom (Gledhill et al., 1993; ipek, 2009).

Most amphipods feed on fragmented animal and plant matter (detritus).
Only a small portion are predators. Residual material found in the mud at the
bottom is collected using gnathopods with the help of the second antennae.
Sometimes, they directly ingest food with their mouthparts. Some digging
forms scrape detritus and diatoms from sand grains. In gammarids, daily de-
tritus consumption can exceed 100% of body weight in juveniles and be up to
60% of body weight in adults. Predatory feeding is not common. While many
eat small animals along with detritus, they are not considered predators.

Their bodies are slender, and the first antennae generally have a lateral
flagellum. The second antennae are approximately the same length as the first.
The basipod of the first four pairs of thoracic appendages is very wide. The
last pair of abdominal extremities is either the same length as the others or
longer. Their movement is generally in the form of swimming, occasional-
ly using the setae filter on the gnathopods at the bottom. Some species also
filter-feed by passing water through their first and second antennae. In rivers
and streams with abundant aquatic plants and less current, Gammarus taxa are
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more densely found in the lower parts of plants. Detritus-consuming stream
Gammarus taxa play an important role in the feeding of large aquatic inverte-
brates and fish.

10. General Characteristics of Brachyura

Crabs have five pairs of legs. The first pair is modified into a pair of claws
and is not used for movement. In most crabs, except for a few, they are con-
cealed beneath the cephalothorax, below the abdomen (Aydemir, 2014).

IL pereiopod

Dactyl

lateral spin

Figure 11. General appearance of Brachyura (Aydemir, 2014).

Crabs walk sideways because their legs can only bend in that direction.
Muscles work in pairs, with one muscle pulling the leg and depending on an-
other antagonistic muscle to extend it again. Additionally, this walking style
is related to the density of water. Most crab taxa exhibit clear sexual dimor-
phism, and gender can be easily distinguished. The abdomen, located under
the thorax, 1s narrower in males. Females, on the other hand, have numerous
pleopods on their abdomen and are visibly wider. This is associated with the
female crab carrying the fertilized eggs. In most arthropods, gonopores are lo-
cated on the legs. Approximately 850 crab taxa (Sternberg and Cumberlidge,
2001) are found in freshwater or semi-terrestrial habitats, primarily in tropical
and subtropical regions worldwide.

11. General Characteristics of Collembola

The taxa, which translates to “tube-bellied” in Greek, refer to organisms
belonging to the Nematoda order, with lengths ranging from 0.25 to 9 mm
(Tetradontophora). Typically measuring 1-2 mm, these animals can be ob-
served in potted soils and even on the surfaces of certain water accumulations.
They are widely distributed, reaching polar regions, and thrive particularly in
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moist soils. Their significance lies in soil biology, where they play a crucial
role in decomposition, serving as indicators and contributing to humus for-
mation. Due to their ability to shape the soil into a form beneficial for plant
growth, they hold considerable economic importance.

Alesotoraka

Figure 12. General appearance of Collembola (Aydemir, 2014).

Their abdomens consist of 6 segments, lacking terminal extensions and
cerci. The first, third,

and fourth abdominal segments undergo special modifications to form
legs with specific functions on the ventral side. A tubular extension called
“ventral tube” serves for water intake, respiration, and attachment. The third
segment features a grasping organ known as “retinaculum,” while the fourth
segment’s posterior edge exhibits a structure called “furca” (Demirsoy, 2003).
The cuticle is thin, regularly hairy, or, as seen in many genera, scaly. Their
antennae, typically four-segmented (rarely six-segmented secondarily) and
almost always equipped with sensory hairs and receptors, are well-developed
and muscular. The “posternal organ,” likely a moisture sensor, is unique to this
group, often sensitive to light but lacking eyes; some species may have sim-
ple eyes or compound eyes composed of dot eyes and 8 ocelli. The tracheal
system is simple, with two stigmata opening outward between the head and
thorax. Many species respire through their skin, utilizing air trapped among
the hairs, especially in moist soils. They undergo approximately 50 moltings
in their lifetime, during which they can regenerate lost body parts. Their lifes-
pan is around one year (Demirsoy, 2003).

12. General Characteristics of Ephemeroptera

Nymphs belonging to the order Ephemeroptera can be easily distingu-
ished from all other aquatic insects by the presence of tracheal gills on their
abdomens, single tarsal claws, a well-developed mesothorax with five, and at
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the end of the abdomen, three setae, two cerci, and one paracercus (Edmunds,
1959; Harker, 1989; Williams, 1980; Aydinli, 2008).

Figure 13. General appearance of Ephemeroptera (Aydemir, 2014).

The name Ephemeroptera is derived from the fact that adult individuals
of this order have a very short lifespan, ranging from a few hours to a few
days, leading to the term “mayflies” or “one-day insects.” In Turkish, they are
known as Mayissinekleri, Birglinliikler, or Birgiinsinekleri (Elliott and Hump-
esch, 1983; Lodos, 1983; Tanatmisg, 2002; Aydinli, 2008).

Ephemeroptera is considered one of the oldest known insect taxa, and
its significance in zoogeographic studies stems from factors such as their ex-
tremely short adult lifespan, weak flying capabilities during this period, and
the limitation of their distribution due to factors such as nymphs being entirely
aquatic (Brittain, 1982; Kazanci, 2001b; Aydinli, 2008).

Nymphs of Ephemeroptera constitute 10-25% of all macrozoobenthos in
clean natural waters. Given that the majority of Ephemeroptera nymphs are
herbivorous, feeding on detritus and algae, and their ability to inhabit various
aquatic environments such as rivers or stagnant waters worldwide throughout
the year, they play a crucial role in the secondary production of aquatic food
chains (Zelinka, 1984; Brittain and Sartori, 2003; Aydinli, 2008). Additionally,
various organisms, including Gastropoda, Trichoptera larvae, and many oth-
er small animals, consume Ephemeroptera eggs, while freshwater fish, frogs,
numerous birds, Odonata, Plecoptera, Trichoptera larvae, and Coleoptera and
Hemiptera among many aquatic insects feed on both the larvae and adults of
Ephemeroptera (Harker, 1989; Aydinli, 2008).

13. General Characteristics of Odonata

Dragonflies (Odonata) constitute an order within the class Insecta, and
the common name for the taxa classified in this order (Anonymous, 2014).
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While there are approximately 5700 known taxa of the Odonata order worl-
dwide, Europe is reported to have 120 known taxa, and in Turkey, a total of
115 taxa belonging to 39 genera have been documented (Kalkman et al., 2003;
Dijkstra and Lewington, 2006; Akkus, 2012)

Figure 14. General appearance of Odonata (Aydemir, 2014).

Adult individuals of the order Odonata are found in rivers, streams,
brooks, natural lakes, ponds, reservoirs, irrigation channels, marshes, and
small water pools. They deposit their eggs in the water, and the development
of their nymphs is completed within the aquatic environment (Corbet, 1999;
Akkus, 2012). Taxa belonging to this order live as predators in both nymph
and adult stages, attacking even individuals of their own kind. Nymphs inhabit
aquatic environments and feed on nymphs of other insect taxa, fish eggs, as
well as worms like annelids and nematodes. Adults are proficient fliers and
primarily feed on flying insects from almost every group. Due to their preda-
tion on harmful insects, taxa belonging to the Odonata order are beneficial for
agriculture (Demirsoy, 1995; Akkus, 2012).

14. General Characteristics of Plecoptera

They are typically found on rocky, sandy, or gravelly freshwater shores.
Although they have well-developed wings, they generally prefer to inhabit
rocks, plants, and trees. They exhibit the typical delicate, slender, and elongat-
ed body structure characteristic of insects (Demirsoy, 2008).
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Figure 15. General appearance of Plecoptera (Aydemir, 2014).

They are typically found on the edges of freshwaters, on rocks, plants,
and trees. They have a pair of compound eyes on both sides of their head
and 2-3 simple eyes in the frontal region. Just in front of their eyes, a pair of
slender antennae emerge. They possess two pairs of transparent wings with
reduced venation. The cerci at the end of the abdomen are thread-like and
multi-segmented in primitive taxa. During the mating season, males produce
a drumming sound by rapidly striking the tip of their abdomen against objects.
The larvae are released into the water and resemble adults but lack developed
mouthparts and wings. Approximately 90% of their lifespan is spent in the egg
or larval stages, and a pupal stage is not observed. Due to their consumption
of mosquito larvae and their use as fish food, they hold economic significance.
Moreover, they are considered indicators of water pollution levels (Aydemir,
2014).

15. General Characteristics of Hemiptera

The Hemiptera, or true bugs, are recognized by certain taxa within the
group emitting foul odors, making these insects easily identifiable by humans.
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Middle leg.

— Back kg

Figure 16. General appearance of Hemiptera (Aydemir, 2014).

They always have four wings, and they have adapted to various body
structures, spreading across all habitats. Typically, they possess a proboscis
that emerges from the lower front part of their head, which, during rest, is
folded backward underneath the body, often into a longitudinal groove. The
size of their bodies and shapes is quite diverse, with their generally flattened,
oval bodies ranging in length from 1 mm to 10 cm. Some may have a stick-
like shape (Ranatra), while others are short and hemispherical (Plataspidae).
They are rarely vividly colored (Sphaerocoris), with predominant colors being
black, brown, grayish, and greenish (Aydemir, 2014)

16. General Characteristics of Trichoptera

Trichoptera taxa are nearly ubiquitous, having spread to almost every
habitat, with around 9,000-10,000 known taxa. The continuous discovery of
new taxa in scientific research indicates a broader Trichoptera fauna world-
wide (Wiggins, 1998; Riizgar, 2010). The Trichoptera order is a close relative
of Lepidoptera, and like Lepidoptera, Trichoptera can weave silk to construct
webs. This adaptation has contributed to their success in adapting to nature.
Silk is used in constructing silk cases, gathering food by building webs, cre-
ating shelters, anchoring to substrates, and spinning cocoons during the pupal
stage. Most Trichoptera larvae live inside a case. Trichoptera taxa are import-
ant for aquatic ecosystems as they constitute a significant food source for fish
and contribute to organic matter (Bouchard, 2004).

The two well-known subfamilies, Annulipalpia and Integripalpia, are dis-
tinctly differentiated based on their use of silk. They use adhesive to construct
various types of portable cases or to bind together sand, small gravel, leaf
fragments, and thin twigs. Each genus or even taxa constructs its case in a
unique style. The larva has a distinct head, thorax, and abdomen. The lar-
val head capsule is well-developed and chitinized (Holzenthal et al., 2007;
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Riizgér, 2010).

The majority of adult individuals are winged, with free-moving, often
densely hairy bodies, small heads in proportion to body length, and antennae
of regular length. Their compound eyes are quite large and bulging. Mouth-
parts serve only to lap up plant sap (Demirsoy, 1998).

Abdominal gills

Aual mails —Q.TEM“‘

Figure 17. General appearance of Trichoptera (Aydemir, 2014).

Larvae with cases, residing in calm and warm waters, are generally large;
however, those inhabiting cold and swiftly flowing waters carry very small
tracheal gills (Demirsoy, 1998).

17. General Characteristics of Coleoptera

Coleoptera are an insect order within the class Insecta, characterized by
their size ranging from 1 mm to 15 cm. This order is the most populous among
insects, with approximately 350,000 known taxa. They exhibit diverse colors
and forms, but a common characteristic is the transformation of their front
wings into tough and thick elytra.

Their dorsal body is highly convex, while the ventral side is flat. The
head is small and elongated forward. The eyes are not divided into dorsal
and ventral portions. The labrum is transverse and quite short. Antennae are
11-segmented and filiform, with occasional segment expansions.
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Figure 18. General appearance of Coleoptera (Aydemir, 2014).

Coleoptera antennae come in various shapes, and their mouths are adapt-
ed for biting and chewing. With the exception of those that live in caves, most
of them have eyes. These insects fly with thin, membrane-like front wings and
larger hind wings. When not in flight, the hind wings are folded and concealed
beneath the elytra.

The larvae of Coleoptera exhibit a wide variety of forms based on their
lifestyles. For example, there are predatory larvae with well-developed legs,
as they rely on predation, and there are also larvae that are eyeless and legless,
living within plants. Coleoptera feed on a diverse range of food sources, and
many taxa within this order are predatory (Topkara, 2008).

18. General Characteristics of Simulidae

Worldwide, there are a total of 120,000 taxa gathered in 177 families. In
the Palearctic region, there are 29,579 taxa belonging to 120 families, while in
Turkey, there are more than 1,170 taxa distributed among 63 families.

Figure 19.General appearance of Simulidae (Aydemir, 2014).
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All of them possess piercing-sucking or licking-sucking mouthparts. Due
to their complete metamorphosis (holometabolism), their larvae (“worm or
caterpillar”) are markedly different from adults both in appearance and life-
style. Yellow, brown, green, or black colors are structural and pigment colors.

In many species, the eyes enlarge, covering a significant portion of the
head. The size and location of the eyes vary among families and genders.
While the compound eyes of females remain distinctly separated on the fore-
head, those of males are contiguous. The common color of the eyes ranges
from red to dark brown, and these colors, divided by burgundy, dark green,
or red bands, provide the eyes with a captivating coloring. Those dwelling
in caves exhibit reduced eyes. The triangular arrangement of three ocelli is
solely responsible for detecting light, although they cannot perceive shapes
(Aydemir, 2014).

19. General Characteristics of Chironomidae

They constitute a family belonging to the Diptera order of the Insecta
class. In everyday language, adults are referred to as “Non-biting Midges” or
“Blind Mosquitoes,” while their larvae are known as “Bloodworms.” Chiro-
nomidae is closely related to Culicidae (Mosquitoes) and Ceratopogonidae
(Biting Midges) families. Chironomids are commonly encountered in fres-
hwater habitats and represent a worldwide family with over 10,000 taxa.

They can be found in diverse locations, ranging from the glaciers of the
Nepal Mountains at 5,600 meters to the depths of Lake Baikal at 1,000 meters.
Chironomidae larvae have also invaded seas and have been identified along
the coasts of aquatic environments worldwide, including depths of up to 30
meters in the oceans. Additionally, there are taxa found in terrestrial environ-
ments (Armitage et al., 1995; Ulukiitiik, 2009).

Figure 20. General appearance of Chironomidae (Aydemir, 2014).

Chironomidae larvae, pupae, and adults are crucial components of the
food chain, serving as important links. They constitute a significant food
source for invertebrates, fish, frogs, and birds. Chironomidae larvae have long
been recognized by benthologists as a potential indicator of water quality.
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Some genera or taxa are known to inhabit only high-quality waters, while oth-
ers specifically prefer poor-quality waters. This makes them valuable indica-
tors for assessing the health of aquatic ecosystems (Tagdemir, 2003; Ulukiitiik,

2009).
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Introduction

One of the important factors that negatively affects the quality of the en-
vironment we live in today and human health is noise. We can define noise as
“unpleasant, unwanted, disturbing sound”. Sound is an objective concept. In
other words, it can be measured and its existence does not change depending
on the person. Noise is a subjective concept. As can be seen from the defi-
nition, whether a sound is considered noise or not may vary depending on
the person (Giiremen et al. 2008). Music that some people enjoy listening to
may disturb others. Especially in fast-growing cities, with the unplanned and
intertwined development of residential and industrial areas, increased traffic
density, and the increasing penetration of electrical, electronic and mechanical
devices into our daily lives, noise disturbance increases and the places where
our people can rest, work, in short, live peacefully are decreasing.

On the other hand, in cases where respect for others’ right to rest and
environmental sensitivity are not sufficiently developed, noise resulting from
entertainment and other daily activities causes intense complaints and serious
physical and mental disorders, especially hearing loss and sleep disorders (Be-
lojevic et al. 2008). In daily life, the presence of sounds is necessary for peo-
ple to feel good. Speech, music, and sounds in nature are indispensable for our
lives (Ascigil 2009). However, noise, defined as unwanted sound, negatively
affects human health. Today, the negative effects of noise are not examined
only in cases of long-term noise-induced hearing loss in factories, as in the
past. The research covers all types of noise in open spaces and indoors.

Noise sources can be grouped from different aspects. Depending on the
way sounds are generated, noises arising in air and solid environments can be
acoustically emitted from point, line and planar sources (Kamer 2005; Can-
demir 2008). Noises that create acoustic pollution; they can be divided into
two groups depending on the location of the source and receivers in an envi-
ronment and their propagation paths: Noise sources in open areas: these are
the noises produced from sources outside the buildings and affect the people
using both the volumes inside the building and the open areas outside the
building (industrial noise, transportation noise, construction site noise, noise
related to human activities, entertainment and commercial noise). Indoor noise
sources: these are the sounds arising from sources located inside the buildings
(sounds of conversation, footsteps, noise of household vehicles, loud music,
door slamming, office noise).

Effects of Noise on Human Health

Human behaviors against the effect of noise are divided into two groups.
The first is psychological discomfort, which can only be determined by ex-
plaining feelings and sensations, and the second is; It is a physiological disor-
der that can be determined by various measurement methods. For this reason,
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noise control must be carried out at the architectural design stage in terms of
human health and comfort conditions. When examining the effects of noise
on humans, three important factors can be taken into consideration: 1. Annoy-
ance, 2. Obstruction of communication, 3. Risk of permanent hearing impair-
ment,

Daytime (Leq) (dBA) Effect; 55-60 noise disturbs, 60-65 discomfort in-
creases markedly, above 65 behavioral inhibitions occur and harmful symp-
toms occur due to noise. Noise Level Exposure Range (dBA) Effects on
Health: First degree noises (30-65) discomfort, anger, irritation, sleep disorder
and concentration impairment. Secondary noises (65-90) physiological reac-
tions, increased blood pressure, increased heart rate and breathing, decreased
pressure in the cerebral fluid, sudden reflexes. Third degree noises (90-120)
physiological reactions, headaches. Fourth degree noises (120-140) perma-
nent damage to the inner ear, disruption of balance. Fifth degree noises (>140)
severe brain damage, ruptured eardrum (Thompson 2002). The Regulation on
the Evaluation and Management of Environmental Noise has been published
in order to ensure that the necessary measures are taken to prevent people’s
peace and tranquility, physical and mental health from being disrupted as a
result of exposure to environmental noise.

In most local governments, the issue of noise is not given due importance
and the negative effects of noise on human health and behavior are ignored.
In order to reduce the negative effects on urban people resulting from the
chaos and pressure of urban life, physical, social and recreational planning
is needed in the urban environment. Almost all cities should have spaces that
allow society to live, work, have fun and relax. At this point, green areas
become common use spaces with a high social role by meeting many needs
in urban life. Spending time in a park reduces stress and increases the joy of
life. It is thought to strengthen and be beneficial in protecting mental health.
It has been observed that individuals living in cities with natural and cultural
areas containing components such as green areas and water elements are less
stressed than individuals living in cities that do not have such natural and
cultural areas. It has also been shown that people who visit parks and green
areas more often feel healthier than those who visit less often. Green areas and
parks socialize people, calm them down, and it has also been shown to reduce
aggression. Parks and green areas not only provide aesthetic and historical in-
tegrity and continuity, but also help people develop feelings such as knowing
themselves, testing themselves, increasing their sense of trust, and belonging
through their active experiences. City parks, which have aesthetic and his-
torical activity value, increase the attractiveness of cities and provide new
income and job opportunities by making them a place to visit for both urban
people and tourists. In addition to providing economic benefits for the urban
people with their social and psychological effects, trees also provide savings
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in the management strategies and budgets of city administrations due to the
air purification effect of trees. Likewise, it increases the value of the structures
around it with its natural elements such as wood and water, and contributes
to the national and local budget with the taxes obtained from those structures.

Noise pollution is one of the most important environmental problems of
our cities. In parks in the city center, the noise problem becomes even more
important. Because parks are one of the noise sensitive areas such as schools
and hospitals. Cities are the places where noise pollution is most intense, es-
pecially due to the increasing number of vehicles. While noise pollution used
to exceed the permissible limit values in big cities, today it emerges as an
important environmental problem in small cities and almost everywhere in
the city. Sources of noise are generally industrial noise, construction noise,
commercial noise and transportation noise. Especially transportation noise is
the type of noise we encounter everywhere. Land traffic noise is the dominant
type of noise that affects human health the most.

Material and Method

Especially city centers are one of the places where the city is most dense
in terms of noise. People coming to the center by both public transportation
and private vehicles causes the vehicle density in the city center and therefore
noise pollution to increase. The aim of this study is to examine the noise val-
ues of city parks in order to fulfill their aesthetic and functional functions and
create a quality living environment in the example of Bartin province. Day-
time noise measurements were made in eleven parks located 5-25 meters from
the highway in the city center. Noise values were taken from a height of ap-
proximately 1.20 m above the ground. Measurements were made on rainless
and windless days. TES 1353 noise meter device was used to measure noise
levels in the research. The device can record measurements every second with
a sensitivity of 1.5 dB and the recorded data can be transferred to the computer
via RS232 output.
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Figure 2. Noise values measured at 5-second intervals in parks
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Differences between average noise levels (in decibels) in parks located
close to and far from the road were examined with the Independent sample
t-Test. The purpose of this analysis is to determine whether there is a statisti-
cally significant difference between the average noise levels of parks in two
different categories.

Table 1. Independent Sample t-Test for Noise Levels in Parks by Distance from the

Road
Distance toroad N Mean SS t
Near 3 57.35 3.17 1.326
Far 8 54.39 3.33
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Figure 3. Distance to road and noise average
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0.218

Independent Sample t-Test was applied to determine the average differ-
ence between parks’ noise levels based on proximity to the road. While the
average noise level for parks ‘Close’ to the roadside (N=3) was measured as
57.35 decibels, for ‘Far’ parks (N=8) this value was recorded as 54.39 deci-
bels. The difference between the averages is calculated as 2.96 decibels.
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Figure 4. Noise average according to distance (meters) from the road

In the statistical analysis, a t-value of 1.326 was obtained with 9 degrees
of freedom and the p-value was found to be 0.218. This p-value is above the
generally accepted alpha level of 0.05. This result shows that there is no sta-
tistically significant difference in noise levels between parks ‘Near’ and ‘Far’
from the road. The fact that the average difference was not statistically signifi-
cant in the analysis indicates that the difference in noise level between the two
groups may be coincidental.

Conclusion

Noise pollution is one of the most important environmental problems of
our cities. In parks in the city center, the noise problem becomes even more
important. Because parks are one of the noise sensitive areas such as schools
and hospitals.

It has been determined that long-term exposure to noise affects heart rate,
blood pressure, breathing and the level of uric acid in the blood. As the noise
level increases, the human heart rate also increases. This is also a symptom of
human energy consumption. Therefore, as noise increases, fatigue increases.

Measures to reduce noise: Not driving a motor vehicle without a silenc-
er and other sound-reducing parts. Avoid unnecessary use of horns or other
sound-producing devices on or inside motor vehicles. Obeying speed limits.
Adopting high gear and low rpm driving style. Establishing parks away from
areas with heavy traffic, through good urban planning.

Most of the parks are under the influence of heavy vehicle traffic. In the
measurements made in eleven parks, noise values did not exceed the limits
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allowed by the Noise Control Regulation.

Designing and implementing barriers for noise reduction is a very expen-
sive process, especially in built-up areas. Therefore it is important to consider
noise estimates in land use planning. Noise control stages, which must be
handled in a planned manner, gain importance in completely eliminating or
minimizing the negative effects of noise, in other words, in keeping the noise
below acceptable limits.
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1. Introduction

Water buffalo is a species belonging to the “Bovidae” family, defined as
“Water Buffalo” in English, which is raised primarily for milk yield, meat,
leather and labour force (Sariozkan, 2011). Buffaloes constitute a suitable ma-
terial for extensive breeding due to their ability to adapt to different environ-
mental conditions, their resistance to diseases, their ability to consume cheap
feeds with low quality and high cellulose content among roughages and to
transform them into animal products, and their abstinence. In addition, it is a
very economical form of animal husbandry that can be carried out in swamp
and reed areas in regions where cheap roughages are available (Sahin et al.,
2013).

The human population in the world and in our country is increasing day
by day. In parallel with the increase in population, there is an increase in the
nutritional needs of people. In order to provide animal production that can
meet these needs of people, it is desirable to increase the number of animals
and animal products obtained (Celik, 2015). In addition, buffalo breeding has
an important place in today’s World where the demand for organic products
and therefore organic animal husbandry is increasing (Sahin et al., 2013).
However, while the number of buffaloes has been increasing in the world
since the 1960s, the number of buffaloes in Turkey has been decreasing (FAO,
2023).

Buffalo breeding is a traditional branch of animal husbandry that has been
going on for thousands of centuries and is widespread especially in Asia (96.4
%). In Europe, where buffalo breeding is carried out in small amounts, Italy is
one of the model countries where buffalo breeding is carried out with modern
techniques (Yilmaz and Kara, 2019).

Nowadays, with the nutritional needs of the increasing population and
the increasing demand for organic products, buffalo farming plays an import-
ant role in both developed and developing countries. In this chapter, general
information about buffalo breeding, its current situation in the world and in
Turkey, the reasons for the significant decrease in number and yield, problems
and solution suggestions will be emphasised.

2. Classification of Buffaloes in General

The classification of buffaloes is presented in Figure 1. In general, buf-
faloes are divided into two groups as African wild buffalo and Asian buffalo.
Asian buffaloes originate from wild and domesticated forms and constitute
74 different breeds. Domestic buffaloes are also divided into two groups as
swamp buffaloes and river buffaloes (Atasever and Erdem, 2007). There are
many differences between these groups in terms of chromosome numbers,
morphological characteristics and utilisation aspects. Swamp buffaloes have
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48 chromosomes and river buffaloes have 50 chromosomes and they can pro-
duce fertile offspring when they unite among themselves (Yilmaz and Kara,
2019).

Swamp buffaloes, found in China and Southeast Asia, are not suitable
for milk production and are mainly used for ploughing rice paddies. River
buffaloes, which originate from India, are bred for milk and meat produc-
tion. In addition, while there is only one breed of swamp buffalo, there are
several breeds in the river buffalo group, such as Murrah, Nilli-Ravi, Kundi,
Surti, Meksana, Jafarabadi, Nagpuri, Pandharpuri and Mediterranean buffalo.
(Moioli and Borghese, 2005; Soysal, 2006). In some Asian countries such as
China and Pakistan, breeding studies for buffalo breeds are being carried out
(Soysal, 2006).

The buffaloes raised in Turkey are called “Anatolian buffaloes” and are
reported to originate from Mediterranean buffaloes (Soysal et al., 2005). The
breed registration of the Anatolian buffalo was carried out by the Ministry of
Agriculture and Forestry, General Directorate of Agricultural Researches and
Policies (TAGEM) in 2004 and it was identified (Gazette, 2004).

Buffaloes
| | |
African Wild Buffalo Asian Buffalo
| : |

- Domestic

Wild Buffalo Buffalo
Indian Wild Buffalo River Buffalo

Anoa Buffalo
Swamp Buffalo
Tamaroa

Figure 1: Basic grouping of buffaloes (Atasever and Erdem, 2007)

3. Water Buffalo in the World and Turkey

Although water buffaloes are intensively distributed in Asia, it is ob-
served that they are cultivated in various countries under different socio-eco-
nomic conditions, geographical structure and climatic conditions (Figure 2,
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FAO, 2015). The fact that the Asian buffalo is distributed in such a wide area
in the world is an indication that its adaptation ability is very strong (Khan and
Coskun, 2018).

Figure 2: Number of water buffaloes per kilometre in 2015 (FAO, 2015)

When the ratios of the number of cattle and buffaloes raised in the world
and in Turkey between 1961 and 2021 are analysed, it is seen that while the
ratio of buffalo breeding in the world cattle breeding is increasing day by day,
it has decreased considerably in Turkey (Figure 3, FAO, 2023).

In the World In Turkey

I \

= Cattle = Buffalo = Cattle = Buffalo

Figure 3: Ratios of cattle and buffalo in bovine assets in 1961 and 2021 (FAO, 2023)

In the 60-year period between 1961 and 2021, the number of water buffalo
in the world increased continuously from 88 321 107 heads to 203 939 158 heads
with an increase of 130.9 %. In Turkey, a decrease of 83.7 % was observed from
1 140 000 heads to 185 574 heads in this period (FAO, 2023). In relation to this
significant decrease observed in Turkey, Turkey’s share in the world buffalo
population decreased from 1.29 per cent to 0.09 per cent (Table 1).
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1961 1981 1991 2011 2021 g/:)gisim
World 88321 107 | 124 211 642 | 149 685090 | 195327 711 1203 939 158 | 130.91
Turkey 1140000 |[1031000 371 000 84 726 185574 -83.72
Share (%) |1.29 0.83 0.25 0.04 0.09 -93.02
Table 1: Changes in buffalo numbers in the world and in Turkey in 60 years (FAO,
2023)

Figure 4 shows the change in buffalo population in the world and in Tur-
key between 1961 and 2021. Accordingly, the number of buffalo in Turkey,
which was over 1 million heads before 1970, showed a sharp decline in the
following years (FAO, 2023). Until 2008, the number of water buffaloes de-
creased to 84 705 heads, suggesting that the species is in danger of extinction,
which is extremely worrying (Sariozkan, 2011). In this process, the main rea-
sons for the decrease in the buffalo population were stated as the decrease
in the support given by the state to animal husbandry, the transition to mod-
ernisation in agriculture, the failure to promote the nutritional value of the
products obtained from buffaloes, the disappearance of lands suitable for their
cultivation, and the inability of producers to adapt to the intensive breeding of
buffaloes, which have low yields compared to cattle. Although buffalo prod-
ucts vary according to the regions in Turkey, they have come to the forefront
in terms of cream and cheese. However, the desired level of consumption
preference has not yet been reached due to the lack of adequate promotion of
buffalo products to consumers (Ozkan et al., 2017).

The increase in the number of buffaloes in Turkey after 2008 has been
promising. It is thought that the “Buffalo Breeding by People” project, which
is one of the studies carried out to increase buffalo breeding and productivity,
has a great contribution to this increase. In addition, encouraging the estab-
lishment of “Breeding Buffalo Breeders’ Associations” in the provinces where
buffalo breeding is carried out in 2008 in order to ensure the organisation of
this branch of animal husbandry, and the establishment of “Turkey Breeding
Buffalo Breeders’ Central Union” in 2012 have been effective in the increase
in the number of buffalo (Soysal, 2013). Until 2020, the number of buffaloes
in Turkey increased and reached 192 489 heads. In the last three years, it has
decreased by 3.59 %, 7.40 % and 3.93 % respectively compared to the previ-
ous year and decreased to 166 803 head buffalo in 2023 (TUIK, 2023).
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Figure 4: Change in buffalo population in the world and Turkey between 1961 and
2021 (FAO, 2023)

4. Buffalo Breeding Provinces in Turkey

Among the main forage consumed by buffaloes are reeds, reeds and
grasses in wetlands. For this reason, they like wetlands, swamps and humid
regions. The ideal temperature values for Anatolian buffaloes in Turkey are
between 0-30 °C. In cases other than these values, they enter into heat stress
and their productivity decreases. They have a tendency to get into water or
mud against heat stress. In general, they like climates and regions where the
annual temperature difference is not high (Soysal, 2013). According to the
2022 data announced by TUIK; the Black Sea region has the highest share in
terms of buffalo presence in Turkey. This is followed by Marmara and Eastern
Anatolia regions respectively. The regions with the highest buffalo breeding in
Turkey and the provinces in these regions are listed below:

Black Sea region: Samsun, Tokat, Amasya

Marmara region: Istanbul, Balikesir, Bursa

Eastern Anatolia region: Bitlis, Mus, Igdir

Central Anatolia region: Sivas, Kayseri, Yozgat
Southeastern Anatolia region: Diyarbakir, Sanliurfa, Batman
Aegean region: Afyon, Kiitahya, Manisa

Mediterranean region: Osmaniye, Hatay, Adana

Buffalo breeding is one of the most ideal animal husbandry activities for
the Black Sea region. Because of the dominant climate and rugged land struc-



International Research and Reviews in Agriculture, Forestry and Aquaculture Sciences

ture in the region, animal (especially ovine) and plant production activities
can be carried out at a very limited level. Accordingly, mechanisation in ag-
riculture has not been developed. In the Southeastern Anatolia region, most
of the buffalo breeding and activities are carried out in Diyarbakir province.
In the Marmara region, Istanbul province is important. In the Mediterranean
region, the presence of buffaloes is low and not widespread due to the fact that
the climate structure of the region (hot and humid) is not suitable for buffalo
breeding conditions. In addition, the fact that the most important source of
livelihood of the region is tourism can be considered among the reasons for
the lack of interest in buffalo breeding (Dogdas, 2021).

According to the data of 2022, the ten provinces with the highest number
of buffaloes in Turkey are indicated in the Table. Accordingly, Samsun ranks
first with 20 671 heads. Samsun is followed by Diyarbakir with 15 333 heads
and Istanbul with 12 990 heads (TUIK, 2023).

Number of buffaloes(head)

20671

15333
12990
9835 go41 8843 3
l . . . T

Figure 5: Top ten cities with the highest number of buffalo farming in Turkey (TUIK,
2023)

Samsun
Diyarbakir
Istanbul
Tokat
Bitlis
Kayseri
Afyon
Balikesir
Sivas

5. Buffalo Meat and Meat Products

Buffaloes are contented animals that can both survive on hay and crop
residues as roughage sources and produce protein-rich, lean, low cholesterol
meat. (Sarwar et al., 2009). Buffaloes can maintain their productivity for a
longer time under poor care and feeding conditions than ruminant animals
such as cattle and sheep. In addition, it is possible to utilise these animals,
which are less competitive with humans in terms of nutritional resources, for
sustainable meat production. However, until today, buffaloes have not been
given enough importance and serious breeding and feeding studies have not
been applied like other animals. The development of the Bufalypso breed on

-+ 249
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the islands of Trinide and Tabaga to increase meat yield is the only known
progress in this field. (Irurueta et al., 2008). Nevertheless, buffaloes show bet-
ter growth than cattle in hot and harsh tropical climate and poor feeding con-
ditions. If buffaloes are well cared for and fed, it is possible to increase meat
yield and quality with lower rearing costs. (Astuti et al., 2019).

The buffaloes from which meat is obtained are old animals that have been
culled from herds in rural areas in many countries and have reached the end of
their productive period. (Nanda and Nakao, 2003). In Turkey, buffalo slaugh-
tering has a non-industrialised structure. Most of the animals reaching the
market for meat have reached the end of their productive period. Almost all of
this meat obtained from older animals is used in sausage making. Compared
to beef in Turkey, buffalo meat is about 10 per cent lower in price. (Sekerden,
2016) In fact, buffalo meat is not sold in markets and butchers. When buffalo
meat was compared with beef, it was found to be more or less similar in terms
of organoleptic, composition, nutritional, functionality and physico-chemical
quality characteristics, and it was even reported that buffalo meat has advan-
tages due to its leaner, lower calorie and cholesterol content. (Naveena and
Kiran, 2014). It was also reported in another study that when buffaloes are
slaughtered at an early age like cattle, their meat may be lighter in colour and
meat quality characteristics may be higher. (Naveena and Kiran, 2014). In or-
der to increase buffalo meat production, there is a need for studies to increase
the awareness and consumption of buffalo meat in the society. (Adkinson and
Konca, 2021).

Figure 6 shows the impact rates of animal species on the amount of meat
produced in Turkey in 2023. Accordingly, it is seen that 71.8 per cent of the
meat production is obtained from cattle and the lowest 0.6 per cent is obtained
from buffaloes.

5,3% 0,6%

A\

s Cattle = Sheep = Goat = Buffalo

Figure 6: Effect of animal species on the amount of meat produced in Turkey (TUIK,
2023)
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Figure 7 shows the number of water buffaloes slaughtered and the amount
of meat produced in Turkey between 2001 and 2022 (TUIK, 2023). Between
2001 and 2012, the number of slaughtered buffaloes and the amount of meat
obtained from buffaloes decreased due to the decrease in the number of buffa-
loes. From 2012 to 2020, an increase was observed in the number of slaugh-
tered buffaloes with the increasing buffalo population. However, despite the
decrease in the number of buffaloes in the two-year period after 2020 until
2022, the increase in the number of slaughtered buffaloes causes concerns that
buffalo breeding will decrease further in the future if measures are not taken.
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Figure 7: Number of water buffaloes slaughtered and amount of meat produced
between 2001-2021 (TUIK, 2023)

6. Buffalo Milk and Dairy Products

Compared to cow’s milk, buffalo milk is an important nutrient rich in high
protein, fat, vitamin and calcium content. It is also a good source of important
minerals such as magnesium, potassium and phosphorus (Abdel-Hamid et al.,
2023; FAO, 2015). As shown in Table 2, buffalo milk contains higher dry mat-
ter and fat content compared to other species. The high fat and calorie content
of buffalo milk is considered to be a superior and distinctive feature compared
to other species (Atasever and Erdem, 2007, 2008). 100 and 70 calories per
100 grams of buffalo and cow’s milk, respectively (Ermetin, 2020). Buffalo
milk is healthier than cow’s milk in terms of its lower cholesterol content and
high content of unsaturated fatty acids (Khan et al., 2017). Although the fat
content is already high, the low cholesterol value is due to the fact that it is
rich in polyunsaturated fatty acids due to the small diameter of the fat globules
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(Zicarelli, 2004).

In a study conducted in Turkey, it was reported that buffaloes are raised
only in small family farms for milk and each breeder has 3-5 buffaloes on
average and productivity per unit is low. It was stated that the number of buf-
faloes can increase up to 10-15 in some regions depending on natural feeding
conditions. It is stated that producers do not tend to increase the number of
buffaloes because they cannot market the milk they produce at a value price
(Sekerden, 2016). Buffalo milk, like cow’s milk, can be processed into many
products such as butter, cream, hard and soft cheese, ice cream and yoghurt. In
Afyon region, a type of dessert was obtained by wrapping the cream obtained
in rolls. This type of dessert obtained from buffalo milk has gained world
fame and created a separate market environment in terms of gaining value of
buffalo milk (Atasever and Erdem, 2007). Approximately 350-400 g cream is
obtained from 2.5 kg milk and can be sold at high prices. When buffalo milk
is marketed without being transformed into any product, it can be sold at a
higher price than cattle milk (Sekerden, 2016). In addition, the most important
feature of the world-famous Mozzarella cheese produced in Italy is that it
produced from buffalo milk (Atasever and Erdem, 2007).

Species Water |Dry Protein Oil Laktose Mineral
Matter Matter
Buffalo 82.0 17.7 4.15 7.85 4.8 0.77
Cattle 87.5 12.4 34 3.65 |4.65 0.75
Sheep 82.9 17.2 5.4 6.25 |4.55 0.88
Goat 87.1 13.0 3.7 4.1 4.45 0.8

Table 2: Comparison of milk content of some animal species (%) (Atasever and
Erdem, 2007, 2008)

Figure 8 shows the number of water buffaloes milked between 1991-2019
and the amount of milk obtained until 2022 in line with the latest data an-
nounced by TUIK. Until 2008, there was a decrease in the number of water
buffaloes milked and the amount of milk obtained in parallel with the decrease
in the buffalo population, while an increase was observed in the following
years until 2019 and 79 thousand tonnes of milk was obtained from 79 thou-
sand head of water buffaloes milked in 2019. From 2019 to 2022, the sharp
decline in milk yield is worrying. The reasons for this decline include the con-
tinuation of buffalo breeding with traditional methods, the restriction of pas-
ture areas and the negative impact of increasing feed prices on the breeders.
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Figure 8: Number of water buffaloes milked between 1991-2019 and amount of milk
obtained until (TUIK, 2023)

7. Buffalo Skin

Buffalo leather has an important place in the world market. According to
2003 data, the world buffalo leather production is 833 566 tonnes, which is a
very high level and offers employment opportunities to many people. Since
buffalo leather is quite thick, it is a sought-after product especially in the man-
ufacture of shoes (leather) and bags (Atasever and Erdem, 2007).

In Figure 9, the amount of leather obtained from buffaloes raised in Tur-
key between 1991 and 2020 is shown in the graph. In 1991, approximately
66 thousand pieces of buffalo leather were produced, while it decreased con-
siderably until 2019 and decreased to 338 pieces, and according to the data
reported in 2020, it increased suddenly to 34 thousand pieces (TUIK, 2023).
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Figure 9: The amount of leather obtained from buffaloes reared between 1991 and
2020 (pieces) (TUIK, 2023)

8. Conclusion and Recommendations

In the last 60 years, buffalo population has been increasing day by day
in the world, while in Turkey a rapid decline was observed until 2008. After
2008, the breeding projects implemented and the efforts to organise the breed-
ers initially yielded successful results and an increase in the buffalo population
was observed. However, in the last few years, it is worrying that buffalo pres-
ence and products have been decreasing again. Buffaloes come to the forefront
as a sustainable livestock breeding branch due to their ability to utilise even
poor quality roughage better than other animal species, their high adaptability
to all kinds of climatic conditions, and the fact that they can be cultivated ex-
tensively (Atasever and Erdem, 2007; Sahin et al., 2013). It also provides an
advantage in terms of consumers’ expectation of organic products. In this di-
rection, it is unlikely to be abandoned at once, but unless measures are taken,
there is a danger that buffalo breeding will decrease day by day.

The data on buffalo and buffalo products in Turkey are well below the
values reported for developed countries. Measures should be taken to increase
the contribution of buffalo breeding in the country’s animal husbandry and to
raise it to the level of developed countries.

The data on buffalo and buffalo products in Turkey are well below the
values reported for developed countries. Measures should be taken to increase
the contribution of buffalo breeding in the country’s animal husbandry and to
raise it to the level of developed countries. The efforts to protect the buffalo
population, which has been decreasing over the years, as a gene source should
be accelerated.
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The milk yield of buffaloes in Turkey is low. In order to increase the milk
yield of buffaloes, the breeding activities initiated in the regions where buffalo
breeding is intensively carried out should be extended.

In response to consumers’ demand for organic products, the production of
organic buffalo products should be encouraged and additional support should
be given to the breeders producing these products. In particular, studies should
be carried out to ensure that products such as milk and cream are labelled as
organic brands and produced in accordance with food safety and find a market
at their real value. In addition, products obtained from buffalo milk should be
diversified (such as Italy’s Mozerella cheese, Afyon’s Turkish delight made
from buffalo cream) and incentive supports should be provided to existing fa-
cilities that process buffalo milk into various dairy products or new enterprises
to be established for this purpose.

The leather obtained from buffaloes has an important place in the leather
industry due to its species-specific thickness. However, buffalo leather cannot
be marketed at its real value in domestic and foreign markets. In this direction,
additional premium supports can be given to encourage the producers, as well
as the promotion and branding of the products made with buffalo leather will
be effective to encourage the consumers.

Consumer awareness raising activities that can eliminate prejudices about
buffalo meat should be increased. In order to increase the production of buf-
falo meat, which contains less saturated fat and lower cholesterol, consumer
awareness raising policies should be implemented. The increase in studies on
buffalo meat and especially the fact that the meat obtained from buffaloes can
compete with beef has also added attraction to this sector of animal husbandry.
However, today, buffalo meat is obtained from old animals that have reached
the end of the milk yield period. It is true that directing the breeders to produce
buffalo meat will add vitality to the buffalo meat sector.

Buffalo breeding is carried out under inadequate care and feeding condi-
tions. On the one hand, while efforts are being made to increase the number of
buffaloes and the products obtained per buffalo, on the other hand, the breed-
ers should be trained on proper care and feeding.
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