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Chapter 1
Afforestation To Struggle Wind Erosion
Endam OZKAYA!

1. INTRODUCTION

Soil is the one of basic requirements of life for all living things is an
indispensable natural resource. Just as all living things need air and water, they
need soil just as much. There are many reasons why soil is so active in the life
of living things. These; It can be counted as providing a living environment for
living things, regulating the climate, providing food, fiber, fuel and raw
materials for many sectors, controlling the risk of flood and flood, playing an
active role in the carbon and nitrogen cycle. It directly or indirectly affects
people and other living things in many issues such as the regulation of social
life. With the transition of societies to settle life, civilizations and cultures were
formed, technology developed and agricultural activities began to increase.
People have started to cultivate the land for purposes such as access to healthy
food, feed for animals and trade. However, the methods used in tillage have
remained primitive with the development of technology over time and have
begun to cause the soil structure to be negatively affected and the fertile layers
to be damaged. Thus, the structure and texture of the soils began to be damaged,
causing unpredictable climatic conditions. However, it would be wrong to say
that there is only human influence in soil degradation. The natural climatic
conditions to which the soil is exposed can be listed as natural factors affecting
soil degradation in situations beyond human influence and control, such as
topographic and geological structure.

Incorrect tillage methods, excessive irrigation and fertilizer use, or on the
contrary, the use of less water and fertilizer than necessary, unplanned
construction, etc. They are natural factors that cause soil degradation and
negatively affect soil fertility in disasters such as flood and overflow disasters,
drought risk and erosion. A well-nourished fertile soil becomes resistant to all
kinds of damage (1). While floods and flood disasters have many negative
effects such as carrying the fertile layers of the soil, turning it into mud, making
it difficult to work, decreasing the oxygen rate of the soil and causing the
accumulation of toxic substances, drought is caused by the lack of precipitation
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due to the effect of the climate, thus reducing the moisture level, barrenness and
salinity of the soil. It is a natural disaster that causes the plant life to increase
and cause it to become a state that does not allow plant life. Erosion, on the
other hand, can be defined as the process of erosion of the fertile layer of the
soil and accumulation by moving from one place to another with the effect of
precipitation waters or wind, which can occur due to human influence as well as
natural processes. Erosion caused by human action is called accelerated erosion,
while erosion that occurs as a result of natural processes without human
influence is called geological erosion. While accelerated erosion occurs rapidly
and more dangerously than geological erosion in sloping areas with heavy
rainfall, geological erosion occurs much more slowly. The two forces that
activate erosion are water and wind. The transport of the soil as a result of
excessive precipitation is called water erosion, and the transport by strong
winds is called wind erosion. Water erosion occurs when the fertile layer slides
in the direction of the surface flow, as a result of excessive rainfall in slope
areas, which cannot withstand the gravity as a result of the soil's absorption
capacity. Wind erosion, on the other hand, has less bearing capacity compared
to water erosion, but it occurs as a result of soil being transported and piled up
in another area as a result of strong winds.(URL-1)

In this study, wind erosion, which is one of the erosion types that has a
negative effect on soil structure and fertility, is discussed. The definition of
wind erosion, its situation and effects in the world and in Turkey, and the
importance of afforestation in combating wind erosion are mentioned.

2. WIND EROSION

Wind erosion is the movement of soil particles with the effect of the wind
and their accumulation in another place. Wind erosion occurs as a result of the
breaking of the resistance power of the soil to erosion by the effect of strong
winds. With the force of the wind, the topsoil material is transported in the form
of dust clouds in the direction of the wind blowing direction and this top
material accumulates in places where there is no vegetation, causing small hills
to form.(URL-1) Wind erosion affects precipitation, wind force, soil structure,
texture, organic matter content. and the roughness of the surface, vegetation, the
intensity of agricultural activities, depending on the interaction of methods used
in agriculture (URL-1). It is a natural disaster that causes the loss of fertile
layers of the soil by transport and desertification with the dune masses it brings.
While wind erosion causes the soil to lose its properties in the areas where it
starts, it also negatively affects the lands it passes over in the form of dust
clouds during transportation. When its power decreases, it leaves this dust cloud



on the land and changes the soil structure of this land it is transported to.
Irregular precipitation regime, high temperature differences, high average
summer temperatures and the excessive evaporation that it brings are conditions
that trigger wind erosion (2). Wind erosion occurs in flat lands with loose and
fine soil, where no precautions are taken against the strong effects of the wind.
Although arid and semi-arid areas are sensitive areas for wind erosion, soils
poor in organic matter, areas with excessive and free grazing, areas with
excessive tillage, bare areas without vegetation, light soils with high sand
content in terms of structure, excessive evaporation or Clay soils with low
moisture content as a result of excessive tillage are areas with high wind erosion
sensitivity, erosion triggering and severe exposure. The formation of crust on
the soil surface, aggregation, sufficient soil and air humidity are the conditions
that have a reducing effect on wind erosion. Wind erosion can occur in different
areas such as forests, deserts and farmland. It is usually formed by the
movement of the soil by three different movements. These are drifting, jumping
and hanging movements. The suspended movement, also called suspension, is
the movement of soil particles smaller than 0.1mm suspended in the air in the
form of a dust cloud, while the jumping movement is the movement that causes
the 0.05-0.5mm-sized particles that are too large to be suspended in the air to be
carried by jumping. Drifting is the motion of pushing and rolling soil particles
0.5-2.0mm in size by the force of the wind. Soil particles carried by wind
erosion are carried by 3%-38% suspension, 7%-25% jumping, 55%-72%
drifting movement.(URL-9) Therefore, wind erosion sweeps the fertile surface
of the soil as a result of these movements, accumulates in hilly or pitted areas,
pollutes the air and causes reduced visibility. It starts by rolling the soil particles
in the direction of the breeze with light winds and then turns into dust storms
with the intensification of the wind (URL-3).

2.1. CAUSES OF WIND EROSION

The effect of humans and natural factors on the formation of wind erosion is
great. The main reasons that trigger the formation of this erosion are;

* Thinning of the structure of the soil by over-processing,

* Allowing animals to graze freely in pastures and meadows, and damage to
ground cover and shrub plants in these areas,

* Deforestation and destruction of existing vegetation,

* Leaving the soil uncovered in fallow practices in agricultural areas,

* Agricultural soils with insufficient amount of organic matter and exposing
these soils to excessive tillage,



* Plowing the soil only by turning it upside down with mechanical tillers and
plowing without making large cuts,

* Plowing in strong wind periods,

 Traffic with heavy-duty vehicles on the agricultural land and the soil
crumbling and turning into dust with this pressure,

* Burning of stubble fields,

* Low precipitation regime and high summer temperatures in arid areas and
low moisture content of the soil due to excessive evaporation (2).

2.2. FACTORS AFFECTING WIND EROSION

2.2.1. Climate

Climatic factors affecting wind erosion; precipitation regime, temperature
averages and temperature differences, wind, humidity and air density. The fact
that the precipitation is less than normal throughout the year and triggers
drought by bringing with it high summer temperatures will reduce the resistance
of the soil that is not saturated with water and moisture in these areas to the
abrasive forces of the wind, and if it is more than normal in sloping areas, it will
cause wind erosion along with the surface flow. Wind, on the other hand, is the
breeze that occurs as a result of the displacement of the air by interacting with
the ground surface, and when it gets stronger, it is the main factor that causes
wind erosion by activating the soil surface. Features of wind affecting erosion;
velocity, direction, duration and turbulence. The soil, which loses its moisture
with drought, becomes prone to wind erosion with the effect of these
characteristics. Having an appropriate level of soil moisture will ensure that soil
particles adhere to each other with the effect of cohesion and will be less
affected by erosion. Again, freezing and thawing events that occur on the soil
surface due to the effect of climate are also conditions that make the soil prone
to wind erosion (URL-9).

2.2.2. Soil

Soil properties affecting wind erosion; soil structure, texture, grain density,
bulk weight, organic matter content, moisture content and surface roughness.
Wind erosion is almost inevitable in flat and bare lands with sandy, loose, fine-
grained and dry soils. The looser and lighter the soil, the lower its resistance to
the abrasive effects of the wind. Since the soil has a moisture-binding feature,
we can say that clay soils with appropriate moisture content are the soils with
the most suitable structure in preventing wind erosion. However, intensive
tillage may decompose the particles in these soils and cause a decrease in
resistance to erosion. In addition, the higher the particle density of the soil, the



less likely the wind will affect this soil negatively. Tillage also affects resistance
to erosion. Over-cultivated soils become resistant to erosion (3;4). The organic
matter content of the soil also affects its resistance to erosion. Organic materials
cause soil particles to aggregate and bind to each other, thus increasing
resistance to wind erosion. The roughness of the soil surface makes it difficult
for the wind to sweep the top layer of the soil, and the wind cannot move freely
as in flat areas and constantly encounters obstacles. Thus, leaving the soil
surface rough prevents wind erosion and prevents the loss of nutrients from the
soil (URL-9).

2.2.3. Vegetation

The frequency, length, type and seasonal distribution of vegetation are the
characteristics that play an important role in combating wind erosion. Because a
land covered with vegetation is resistant to wind erosion. Plants reduce wind
speed and trap soil particles. They act as a shield against the wind in areas
exposed to strong winds. Thus, they save agricultural lands from exposure to
erosion and contribute to the fertility of the soil and the preservation of the
quality and quantity of the products. The wind curtain application used in
agricultural lands is the most important method of combating wind erosion in
this regard. Because applications using live plants suitable for local conditions
are more effective and sustainable than applications using inanimate cover
(URL-9).

2.2.4. Human impact

In addition to climate, soil and vegetation, another factor that creates erosion
and causes it to increase is of course human. Mistakes made by people in
tillage, ignoring the practices that will ensure its sustainability, unplanned
construction and non-purpose land use is activities that increase the risk of
accelerated erosion. With excessive tillage methods, both the creation of traffic
density in agricultural lands, the crumbling and separation of soil particles with
excessive ploughing, excessive use of water and fertilizer or on the contrary, the
use of less water and fertilizer, occupation of the lands to be used for
agricultural purposes with construction and agricultural land towards the slopes.
Applications such as the tendency to build up, intensive crop cultivation and
exploitation of organic matter in the soil for profit, not covering the soil surface
with appropriate covers in fallow applications, allowing free grazing, opening
the afforestation areas for construction are applications that cause wind erosion
to occur with human influence.
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3. WIND EROSION IN THE WORLD AND IN TURKEY

3.1. Wind Erosion on Earth

Wind erosion is the process of transporting and accumulating soils as a result
of the interaction of the wind and the topsoil in areas with arid and semi-arid
climatic conditions. Wind erosion poses a significant threat in deserts, in areas
with large coastal dunes, and in areas with light-textured soils with high sand
content. Almost 40% of the world's population is exposed to the adverse effects
of the arid climate. Wind erosion is a natural phenomenon that poses a risk in
these regions where there is drought, and it causes economic, environmental and
social damages in the areas where it occurs. Although there are many countries
in the world that have been exposed to wind erosion from time to time, wind
erosion, which is called the 'Dust Bowl', which affected the Canadian meadows
and the USA in 1930, can be given as an important example that causes great
losses. This natural event, caused by winds reaching 100 km/h, caused serious
damage to agriculture and ecology and caused tens of thousands of people to
migrate. Experts explained the reasons for dust bowl as excessive and wrong
agricultural activities, overgrazing of animals and drought. This event has been
called one of the worst ecological disasters caused by wind erosion in history.
The same region was exposed to dust storms 14 times in 1932 and 38 times in
1933. It is known that serious dust storms were experienced again in the 1950s
(URL-4).
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Fig.-1: ABD Dust Bowl Wind Erosion-1930 (URL-5)

Again, the share of the wind in the erosion experienced in the Sahel Belt in
Africa in 1968-1973 is quite large. became in need of food aid. This process
directly or indirectly affected the population of approximately 50 million people
(URL-7). With the desertification brought about by erosions caused by water
and wind; Africa, the Middle East, Australia, Southwest China, western parts of
South America and our country are at risk. According to UNCCD data, 70% of
arid areas have already been damaged by water and wind erosion. With the
effect of water and wind, approximately 24 billion tons of topsoil layers are lost
in these areas every year. The top layer of the soil is rich in organic matter
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content and is the most important layer on which agricultural activities are
generally dependent. The disappearance of this layer brings with it social,
economic and environmental disasters. This condition affects approximately 1.2
billion people. While approximately 135 million of this population are at
serious risk, 10 million of them are forced to migrate due to health and
economic problems (9)

Fig.2: Distribution of Wind Erosion Risk in the World (URL-6)

Today, in areas exposed to wind erosion from time to time, different
methods of struggle are used in accordance with the severity of erosion, the way
it is transported and the geography it affects. Generally, with the destruction of
vegetation, the direct contact of the wind with the soil surface has brought along
large wind erosion events and desertification. The people living in these areas
affected by erosion have been directed to afforestation activities as well as
economic and psychological support. Afforestation is the most economical and
sustainable application in the fight against erosion, due to many other features
of plants such as collecting dust, filtering the air, contributing to soil organic
matter. Therefore, in the Dust Bowl disaster in South America, the public was
first encouraged to afforestation, dead trees were removed and new ones were
planted. Likewise, in the erosion disaster in Africa, against dust storms coming
from the Sahara Desert, it is 15 kilometers wide, 7,775 meters across the border
lengths of Djibouti, Eritrea, Ethiopia, Sudan, Chad, Nigeria, Mali, Senegal,
Burkina Faso and Mauritania to the Sahara Desert. Projects have been carried
out to create a green wall up to a kilometer long (URL-7)
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Fig.3: Africa/Sahel Belt Wind Erosion and Green Wall Project (URL-7)

3.2. Wind Erosion in Turkey

Due to the geography it is in, Turkey has different climate types including
humid, semi-humid, arid, semi-arid and even extremely arid and desert belts.
Faces danger. This danger shows its effect much more during the year in the
Central Anatolia and Southeastern Anatolia regions (7). These areas exposed to
the negative effects of drought and erosion due to human influence and climate
change are gradually increasing. Wind erosion is a serious problem in our
country from time to time, and it causes the formation of large sand dunes that
cause soil degradation, do not allow agriculture, and affect social life
significantly. As a result of wind erosion, land sand dunes on approximately
500,000 hectares of land in the provinces of Konya, Kayseri, Nigde, [gdir and
Manisa in Turkey; On the Mediterranean, Black Sea and Aegean coasts, beach
dunes were formed on an area of 29.000 hectares. While land dunes are mobile
sand dunes formed in streams and stream beds in areas far from the sea, beach
dunes are dunes formed by the movement of fine sand to the beach by waves
and wind in areas where streams flow in areas close to the sea. The removal of
vegetation in these areas and the intensive and continuous cultivation of soil
caused the soil to lose its fertility. Thus, with the effect of strong winds, fertile
soils were replaced by sand dunesTiirkiye is in a position with ecosystems
sensitive to water and wind erosion. In the world wind erosion risk distribution
map (FIGURE-2) Central Anatolia is indicated as one of the areas most exposed
to wind erosion in the world. As a matter of fact, the severe wind erosion
experienced in Konya/Karapinar in the Central Anatolia Region in the 1960s is
an important proof of this situation. The removal of the existing vegetation, the
plowing of pastures, the use of excessive processing methods that harm soil
fertility in agriculture in order to gain profit, and the deficiencies in irrigation
have caused the soil surface of this area to be eroded by the effect of strong
winds and to form large land dunes. Konya is the place where wind erosion is
the main land degradation problem and 69.22% (322 474 ha) of the danger
affecting 465 913 hectares of land across the country occurs within the borders
of this province (10). Another important wind erosion site in our country is
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located in Igdir/Aralik. Igdir / December, which is a microclimate area with
semi-arid climatic conditions, has 13,554 hectares of land dunes after Konya,
and is the second largest area exposed to wind erosion in our country.
Igdir/Aralik, which has sandy, loamy, low water holding capacity, insufficient
organic matter and plant nutrients, is in a region exposed to strong winds and
unsuitable for agriculture (5). Areas such as Manisa/Akselendi Plain and
Kayseri/Sultansazligi, Develibatisi are also examples of land dune formations
under the influence of the wind (URL-9).

3.2.1 Wind Erosion and Combat Studies in Konya/Karapinar Region

Karapinar; It is a district of Konya with a surface area of 2675 km2 and a
population of 42,259. It is surrounded by Konya Plain in the north and west,
Karacadag in the east, Andikli, Small and Big Katran Hills in the south. The
district lies between 37.50-38 east longitude and 33.10-34.10 north latitude. It is
at an altitude of 1026 m above sea level. (2) The district, which is located in the
Central Anatolia region and has an arid continental climate, is in the region that
receives the least rainfall in Turkey. The annual average precipitation is 275
mm. The average temperature is 11 °C and the prevailing wind direction is
North-Northeast. The annual average wind speed is 3.5 m/s. The winds that
cause erosion are blowing from the South-Southwest direction and the wind
speed in the district can sometimes reach up to 110 km/h. It is possible to
encounter alluvial, colluvial, sierozem and regosol soil groups in the lands of
the district, which was exposed to severe wind erosion in 1960. In the lands of
the district where wind erosion is observed, it is generally light in the upper
soils; It has a loamy and sandy surface. When the profile depth is examined,
clayey heavy soil structure is observed. While the soils of the district are rich in
lime and potassium, they are quite poor in terms of organic matter and
phosphorus content. 1 030 000 decares of the district, which has 1 595 000
decares of agricultural land, has been destroyed as a result of wind erosion. The
district, which consists of 43,000 decares of black sand; covered by dust clouds,
dunes were formed and agricultural lands were at risk of losing their
productivity. The resulting sandstorms left the people of the district in a difficult
situation economically and socially. The lands of the people who made their
living from agricultural activities were damaged and people had to migrate due
to these dust storms. Dust clouds caused health problems, reduced visibility and
even caused the highway connections to the district to be closed by sandstorms
(URL-8).

The Karapinar region is an old lake bed, and as this lake dries up over time,
the dune beds at its base have come to the surface. The fact that sea shells are
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occasionally found on the territory of the region confirms this view. These
dunes, which came to the surface, mixed with agricultural lands with the effect
of strong winds and caused a decrease in soil fertility. In addition, its
continental climate, which is exposed to extreme summer temperatures, makes
the region vulnerable to wind erosion. The pastures have been destroyed as a
result of widespread ovine breeding in the district, grazing from the bottom and
overgrazing, and the removal of plants such as geven, tapir and mullein, which
are not consumed by animals but have soil-holding properties. The fact that the
agricultural lands exposed to excessive tillage are under the influence of strong
winds has also made the district lands vulnerable to wind erosion. The first
struggle with this wind erosion experienced in Karapinar was started in 1962 by
the General Directorate of TOPRAKSU, one of the units forming the General
Directorate of Rural Services (KHGM). Initially, an area of 160,000 decares
was surrounded by wire fences and tried to be protected. Later, KHGM started
to carry out control, protection, production and research activities under the
name of Research Substation. The first reclamation works were carried out on
the 43.000 decares of land, which was determined to be sensitive to erosion in
the first degree, located in the southwest of the district, 7 km from the Karapinar
district. This place has become a complete desert and the vegetation has been
destroyed. Crescent-shaped dunes with a height of 40-45 meters, a width of 50-
60 meters and a length of 250-300 meters were formed on the land. Since the
interaction of the wind with these dune dunes may cause greater erosion, studies
have been started in this area primarily. Many physical and cultural precautions
have been taken in this area. Curtains 1.5-2 m high were formed from the reeds.
The speed of the wind was tried to be broken by leaving 12-20m distances
between these curtains. After these curtains were installed, the spaces between
them were grazed. Thus, one-to-one contact of the wind with the soil surface is
cut off. In the grazing study, heat and drought resistant plants such as sand rye
and grass weed were used. After the grazing work was completed, afforestation
studies were carried out that completely restricted the soil movement. In the
afforestation work, plants such as maple, ash, acacia, oleaster, which are
suitable for the local, were used (URL-8).
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Fig.4: Konya/Kal_'ai)n;ar Reed Screening Application-1962(URL-11)

As a result of all these studies, agricultural activities have started to be
carried out on an area of 20 thousand decares with the strip-like planting
method in Konya Karapinar today. The area of 15 thousand decares, which has
turned into a dune area, has been turned into pasture and every year pine, cedar
and so on. Coniferous trees continue to be planted. About 700 thousand almond
trees have been planted and maintained on Ketir Hill, which is under the
influence of erosion. An area of 43 thousand decares consisting of dune hills
has been made forested with afforestation works. While the area of 40 thousand
decares under protection has been turned into a pasture area covered with
vegetation, an area of 6 thousand decares has been separated as vineyard-garden
area and controlled agriculture has begun. It is proof that planting has important
effects in stopping erosion.

4. METHODS OF PROTECTION AGAINST WIND EROSION

Fight against wind erosion; It can be achieved by controlling the wind speed
at the surface and the properties of the soil. In order to control soil properties,
soil infiltration should be increased, evaporation should be reduced, and plants
and organisms that use excess water should be removed from the soil. This
contributes to soil moisture and prevents the wind from easily sweeping and
carrying the soil. Because, moist soil particles are tightly attached to each other
and are less affected by strong winds. Therefore, it is recommended as a very
important application, especially in arid and semi-arid areas, which are sensitive
to wind erosion, immediately after the spring rains, as it will increase the
adhesion of the particles to each other, which will form aggregates and clods
with high volume in the soil (URL-12). In order to control the wind speed on
the surface, it can be done with plants, correct soil cultivation practices and
some mechanical measures. Herbal measures; These are the measures taken by
growing agricultural products with binding properties in the soil, using a strip-
like planting arrangement, and installing wind curtains. Thus, while
contributing to soil moisture with vegetative measures, a physical barrier is
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created against the wind. With the use of the right tillage methods, cuts are
created in the soil and the surface roughness is increased, so that the soil
aggregates and its sensitivity to the wind are reduced. By using normal plows
instead of disc plows in processing, the crumbling of the soil is prevented.
Because; disc plows are causes ploughing by scattering the soil, which reduces
the resistance against the wind. Wind curtains are another herbal precaution
method. This method is to surround fertile soil with trees and shrubs that act as
shields against wind erosion. Thus, fertile soils, the products grown are
protected from dust and snow storms, and the loss of soil moisture is reduced.
In addition, thanks to the plants used, the soil is beneficial in terms of organic
matter. Another important measure against wind erosion is mechanical
measures. Artificial wind curtains can be given as an example of this precaution
method. It is a temporary method against sand dune movements in the first
stage of erosion with the artificial screening method. Dune mobility is stopped
with reed, wood, plastic fences, and then by grazing and afforestation between
these curtains, definite and permanent measures are taken against
erosion.(URL-12)

4.1. The Importance of Afforestation in Combating Wind Erosion

The common point of all these wind erosion disasters in the world and in our
country is undoubtedly the destruction of vegetation. With the disappearance of
vegetation, areas that are already sensitive in terms of climate and topography
turn into dune areas that are completely unsuitable for agriculture and
production due to the strong winds. Therefore, the first measures taken in all
these events are the initiation of artificial screening and afforestation, apart from
economic and social measures. Screening can be done with living or non-living
material. In areas subject to severe wind erosion, reed, wood, plastic fence etc.
Temporary measures are taken to break the speed of the wind with inanimate
materials. Afterwards, grazing and afforestation works are started. These
grazing and afforestation studies initiated using live plants are definite and
permanent solutions in the long term. Afforestation using locally suitable plant
species is the most economical and sustainable method in combating wind
erosion. Windbreaks, also called windbreaks, are afforestation methods in the
fight against wind erosion and are considered an effective method in preventing
wind erosion by preventing the loss of moisture content of the soil, the
scavenging of the fertile layer, the reduction or transport of soil organic matter.
Preferring perennial plants that are resistant to drought and strong winds,
suitable for the local area, have a long root depth, can grow quickly, can branch
from the bottom, and reach a certain height and crown diameter, are preferred,
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because they provide less maintenance and less energy consumption in the long
term, wind curtains, combating wind erosion It is the most effective and
sustainable method. These curtains made of trees are placed perpendicular to the
prevailing wind direction, so that they serve as counter-shields in strong winds.
The height of the plants to be used in 10-15 years and the distances between
them should be well planned. In curtain systems to be installed in two or more
rows, the row spacing is 4.5m; There should be a maximum distance of 2.4m
above the row. These dimensions are general measurements. In such planning,
the crop pattern of the land, the tools and equipment used in tillage, the size of
the parcels, the irrigation systems used and their management should be taken
into consideration. Thus, the distances between the curtains are well adjusted
and the risk of erosion is minimized without interrupting any work.
Windscreens can be somewhat costly and take a long time to install. However,
when considered in the long term, it saves energy, causes an increase in soil
organic matter, and increases the productivity of the land it protects by 10%-
20%. Thus, in a few years, the cost of its installation is amortized. It is very
important to make the right planning and design in order to ensure their
sustainability. It can be installed as a single or double row according to the
need, or it can be built using trees or bushes. This completely depends on the
slope, height and wind speed of the land on which it is established (8).
Windbreak curtains are facilities consisting of trees, shrubs and bushes that
are established in long and narrow strips to control the wind. It ensures the
protection of the soil, water and the products grown on the land where it is
established. It absorbs the speed of the wind and reduces the carrier effect it will
create on the soil surface. It will protect the land from heavy snowfall and
blizzards, as well as help snow accumulation and soil moisture. It prevents the
seeds of the crops grown on the land where it is established from being carried
by the wind, thus increasing the yield obtained from the unit area. It prevents
the deterioration of the physical structure of the products in the ripening period
due to the effect of the wind. It protects agricultural areas and residential areas
from dune movement, thus providing healthier areas for the continuation of
activities. It also protects water resources from the negative effects of dune
movement. Thus, access to healthy water is facilitated and it saves the energy to
be used for water purification. Trees used in wind curtains can protect areas 10-
15 times their own height. Thus, it prevents noise and increases visibility, which
is narrowed by dust clouds. In addition, since plants have the ability to filter the
air, it provides cleaner air and environment for humans and animals (URL-12).
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Fig.5: Example of Wind Curtains (URL-22)

Rainwater harvesting practices also protect the soil against erosion (11;12).
Especially mulch applications provide protection by keeping the soil surface
covered and reducing the power of the wind (13).

5. CONCLUSION AND RECOMMENDATIONS

Soil is one of the basic necessities of life for humans and is a non-renewable
natural resource. Therefore, the soil should be protected from all kinds of
natural disasters and calamities, as well as from human intervention. People
cannot control these natural disasters and disasters, but they can take some
measures to minimize the negative effects they may create. Erosion can be
caused by natural factors as well as by human influence, and if it cannot be
controlled, it can turn into a natural disaster that seriously threatens both soil
and human health. The two forces that trigger erosion are water and wind.
Erosion caused by water is the type of erosion that is more destructive and has
great effects in our country, while wind erosion is less common than water.
However, this does not mean that it does not have negative effects. Areas
exposed to wind erosion, where strong winds are effective, unfortunately turn
into unhealthy, arid and desert areas unsuitable for agricultural activities and
settlement. Therefore, ensuring sustainability in natural resources, continuity of
soil and food security, and erosion control practices for a healthy environment
are of great importance.

wind erosion; Excessive and untimely agricultural processing and crumbling
of the soil as a result of mechanical tools, not covering the soil with any cover
in fallow applications in agricultural areas, allowing free grazing in pastures and
meadows, deforestation and destruction of natural vegetation, natural
characteristics of the soil (structure, texture, organic matter). It is a natural
phenomenon that has a dangerously destructive effect in areas exposed to strong
winds that are flat and close to straight, which occur due to erosion sensitivity in
terms of its content, etc. In order not to endanger the soil and the living things
living in the soil, necessary precautions should be taken in advance in areas
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prone to wind erosion. Many different methods are used to combat wind
erosion. These; using this right tillage methods, taking mechanical and
vegetative measures, and taking measures to protect and increase soil moisture.
The implementation of these measures at the appropriate time with the right
planning will increase the resistance of the soil to the negative effects of the
wind. Mechanical measures, which are among the methods of struggle, have the
feature of stopping wind erosion, but they do not offer a definitive solution in
the long run. Vegetative measures and afforestation method with wind curtains
is an effective method that provides economic, ecological and social
contributions when planned with an understanding of sustainability in the long
term. Windbreaks are facilities consisting of trees, shrubs and shrubs
established in long and narrow strips in order to control the wind, which ensure
the protection of soil, water and the products grown on the land where they are
established. They absorb the speed of the wind and reduce the carrier effect it
will create on the soil surface. Windscreens using locally suitable plant species
require less maintenance and cost, contribute to soil organic matter and
moisture, act as a shield against dust storms and filter the air. Thus, energy
savings are achieved and the efficiency obtained from the unit area increases.
Thus, while protecting the soil, it contributes to its productivity and
sustainability. In line with all these measures, another important issue is the
monitoring and evaluation of this whole process. Within the scope of combating
wind erosion, it is of great importance to monitor and evaluate each stage. The
development of the methods applied in the struggle should be monitored and the
success situation should be evaluated continuously. Thus, the process of re-
adaptation of people and other living things living in areas subject to erosion is
facilitated and improvement works are accelerated.
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Chapter 2

Exploring the Potential of Phase Change Materials in
Wood-Based Applications: A Comprehensive Review

Ahmet CAN!

Abstract — The interesting field of phase change materials (PCMs) and their
numerous uses is explored in this review paper, with a special emphasis on how
PCMs can be used in conjunction with wood-based materials. The classification
of PCMs, their innate characteristics, and their many applications are only a few
of the subjects that are covered in this article. Additionally, it emphasizes the
ground-breaking method of microencapsulation as a successful way to improve
PCM performance, particularly in minimizing washing-related problems. The pa-
per then examines the use of PCMs in wood, clarifying the benefits and difficul-
ties of this symbiotic interaction. The paper highlights the growing interest in
using wood as a substrate for PCM integration and the distinctive advantages it
offers by looking at existing literature studies. Wood is a desirable option for
PCM integration due to its intrinsic porosity, thermal stability, and renewable
nature, offering potential for a variety of applications. The essay highlights the
benefits of wood-based PCMs, such as enhanced energy efficiency, thermal ma-
nagement, and sustainable design, through careful examination. It also highlights
how wood-based PCMs could help create eco-friendly structures, effective ther-
mal energy storage systems, and cutting-edge thermal management techniques.
Researchers, engineers, and business executives interested in the developing sub-
ject of phase change materials and its integration with wood-based materials may
find this comprehensive compilation to be a valuable resource. It offers insights
into the subject's potential, analyzes present trends and obstacles, and gives a full
understanding of the subject. It gives readers a complete overview of the field,
discusses current issues and trends, and sheds light on how wood-based PCM
applications can develop in the future.

Keywords — Phase Change Materials, wood, energy storage
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Odun Esash Uygulamalarda Faz Degistiren Malzemelerin Potansiyelinin
Arastirllmasi: Kapsamh Bir inceleme

Oz — Faz degistiren malzemelerin (PCM'ler) ilgi cekici alan1 ve bunlarin sa-
yisiz kullanimlar1 bu inceleme makalesinde incelenmekte olup, PCM'lerin ahsap
bazli malzemelerle birlikte nasil kullanilabilecegine 6zel bir vurgu yapilmaktadir.
PCM'lerin siniflandirilmasi, dogustan gelen 6zellikleri ve bir¢ok uygulamasi bu
makalede ele alinan konulardan sadece birkacidir. Ek olarak, ¢igir agan mikro-
kapsiilleme yonteminin, dzellikle yikamayla ilgili sorunlar1 en aza indirmede
PCM performansini artirmanin basarilt bir yolu oldugunu vurguluyor. Makale
daha sonra PCM'lerin ahsapta kullanimini inceleyerek bu simbiyotik etkilesimin
faydalarini ve zorluklarini agikliga kavusturuyor. Makale, mevcut literatiir ¢alig-
malarina bakarak ahsabin PCM entegrasyonu i¢in bir alt tabaka olarak kullanil-
masina yonelik artan ilgiyi ve sundugu ayirt edici avantajlar1 vurgulamaktadir.
Ahsap, cesitli uygulamalar i¢in potansiyel sunan, kendine 6zgii gozenekliligi, ter-
mal stabilitesi ve yenilenebilir dogasi nedeniyle PCM entegrasyonu i¢in arzu edi-
len bir secenektir. Makale, dikkatli bir inceleme yoluyla ahsap bazli PCM'lerin
gelismis enerji verimliligi, termal yonetim ve siirdiiriilebilir tasarim gibi faydala-
rin1 vurgulamaktadir. Ayrica ahsap bazli PCM'lerin ¢evre dostu yapilar, etkili ter-
mal enerji depolama sistemleri ve son teknoloji termal yonetim teknikleri olus-
turmaya nasil yardimci olabilecegini de vurgulamaktadir. Faz degistiren malze-
melerin gelistirilmesi ve ahsap bazli malzemelerle entegrasyonu konusuyla ilgi-
lenen arastirmacilar, miithendisler ve sirket yoneticileri bu kapsamli derlemeyi
degerli bir kaynak olarak gorebilirler. Konunun gelecekteki potansiyeline dair
ongoriiler sunar, mevcut egilimleri ve engelleri analiz eder ve konunun tam olarak
anlasilmasini saglar. Okuyuculara alana iliskin eksiksiz bir genel bakis sunar,
giincel sorunlar1 ve egilimleri tartigir ve ahsap tabanli PCM uygulamalarinin ge-
lecekte nasil gelisebilecegine 151k tutar.

1. Introduction

With the world's economic growth, energy consumption has surged signifi-
cantly, with fossil fuels accounting for 81 percent of the market. However, using
fossil fuels has a significant negative impact on the environment and the economy
since it results in the release of dangerous gases into the atmosphere, which makes
people more concerned about the environment. In addition, fossil fuels are run-
ning out, thus we need to find other energy sources to fulfill the rising demand.
Solar, wind, and geothermal energy are examples of renewable energy sources
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that have the potential to meet the world's energy demands in a way that is envi-
ronmentally responsible and sustainable. A research by Jacobson et al. (2015)
found that switching to only renewable energy sources by the year 2050 is both
technically and financially possible and will greatly reduce greenhouse gas emis-
sions and air pollution, as well as generate employment and save lives (Memon,
2014; Jacobson et al. 2015).

The subject of thermal energy storage (TES) is quickly expanding as a result
of the rising significance of energy efficiency and the requirement to use non-
renewable energy sources more effectively. Since TES enables the collecting and
storage of thermal energy from widely dispersed sources like solar radiation, ge-
othermal energy, and industrial waste heat, it offers a practical solution to the
issue of energy storage. The usage of TES systems can reduce the need for non-
renewable energy sources and increase energy efficiency by storing thermal en-
ergy during times of low demand and releasing it during times of high need. Ad-
ditionally, by storing excess heat during the day and releasing it at night, TES
systems can be employed to offer thermal comfort in buildings (Verdier et al.
2014).

Thermal energy storage (TES) can enhance the overall effectiveness and dis-
patch ability of applications related to renewable energy generation. According
to a study by Zhai et al. (2019), revealed that TES can decrease the variability
and spread of renewable energy sources, such as solar and wind power, by storing
excess energy during periods of low demand and disbursing it during high de-
mand. The integration of renewable energy resources into various TES systems
can decarbonize the energy sector by decreasing its dependence on non-renewa-
ble energy sources and increasing energy efficiency. Furthermore, thermal com-
fort can be provided in buildings through the use of TES systems, which reduces
the need for air conditioning and heating systems and enhances energy efficiency.
Therefore, the integration of renewable energy resources with TES systems is a
viable strategy to decarbonize the energy sector and enhance the overall effec-
tiveness and dispatch ability of various renewable power applications (Powell et
al. 2016; Sarbu and Sebarchievici, 2018)

Energy consumption has become one of the most pressing concerns in today's
society due to the rapid growth rate of metropolitan areas and increasing comfort
standards. The over-usage of energy from non-renewable sources has major en-
vironmental consequences, making the utilization of renewable energy sources a
preferred option. According to a study by Jacobson et al. (2015), transitioning to
100% renewable energy sources by 2050 is technically and economically feasi-
ble, and would significantly reduce greenhouse gas emissions and air pollution,
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while also creating jobs and saving lives. Renewable energy sources, such as so-
lar, wind, and geothermal energy, have the potential to provide a sustainable and
environmentally friendly solution to the world's energy needs. In addition, the
integration of renewable energy resources with thermal energy storage (TES) sys-
tems can help to decarbonize the energy sector by reducing the reliance on non-
renewable energy sources and improving energy efficiency (Jacobson et al. 2015;
Hussain et al. 2017).

Thermal energy storage (TES) systems can be utilized to reserve spare energy
and connect the demand-supply space by providing the highest demand of power
if energy output exceeds energy consumption. TES systems can store excess ther-
mal energy during periods of low demand and release it during periods of high
demand, thereby improving the overall effectiveness and dispatch ability of re-
newable energy applications. In addition, TES systems can be used to provide
thermal comfort in buildings by storing excess heat during the day and releasing
it at night, reducing the need for air conditioning and heating systems (Zhao et al.
2017; Yang and Garimella, 2013).

Energy engineers and scientists are working towards achieving a more con-
sistent, reliable, efficient, and continuous energy supply from renewable sources,
while also meeting the growing demand for energy. The importance of imple-
menting corrective actions to combat global warming has been emphasized, and
integrating renewables into energy systems, as well as the development of energy
storage technologies, are important fields of current Research. The integration of
renewable energy resources with thermal energy storage (TES) systems can help
to decarbonize the energy sector by reducing the reliance on non-renewable en-
ergy sources and improving energy efficiency (Kenisarin and Mahkamov, 2007;
Ahmed et al. 2017).

Phase change materials (PCMs) are used to store thermal energy in the form
of latent heat. This means that when the PCM changes phase, it absorbs or re-
leases a large amount of heat without changing temperature. This makes PCMs
ideal for applications where temperature stability is important, such as in building
insulation, solar thermal collectors, and personal care products.

Traditional PCMs are often in the form of a bulk material, which can be diffi-
cult to handle and can leak if the container is damaged. Microencapsulated PCMs
are a solution to these problems. In microencapsulated PCMs, the PCM is encased
in a tiny capsule made of a material that is impermeable to the PCM. This pre-
vents the PCM from leaking and makes it easier to handle.

Microencapsulated PCMs have a number of advantages over traditional
PCMs. They are more stable, easier to handle, and have a higher thermal conduc-
tivity. This makes them ideal for a wider range of applications.
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Here are some of the benefits of microencapsulated PCMs:

e They are more stable than traditional PCMs. This is because the PCM is
encased in a capsule, which prevents it from coming into contact with the
environment.

e They are easier to handle than traditional PCMs. This is because the cap-
sules are small and lightweight, and they can be easily transported and
stored.

e They have a higher thermal conductivity than traditional PCMs. This
means that they can transfer heat more easily, which makes them more
efficient for thermal energy storage.

Microencapsulated PCMs are a promising new technology for thermal energy
storage. They have a number of advantages over traditional PCMs, and they are
becoming increasingly popular for a wide range of applications heat (Schossig et
al. 2005).
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are given in figure 1a. Several promising PCMs impregnated wood have been
reported in recent literature. The number of publication on PCMs impregnated
wood have grown exponentially during last few years (Fig. 1a, b).

2 Phase change materials

2.1 Definition

Thermal energy storage (TES) systems, including the use of Phase Change
Materials (PCMs), have gained significant attention in research and development
over the past 30 years. PCMs are materials that can absorb or release a large
amount of energy in the form of latent heat during phase transitions, such as solid-
liquid or liquid-gas transitions.

TES systems are crucial for addressing the challenge of maintaining a balance
between energy demands and energy supply, especially in the context of sustain-
able and efficient energy systems. While thermal energy is abundant in nature, it
is intermittent, and there is a need for energy storage solutions to bridge the gap
between energy production and consumption, particularly during periods when
the primary energy source is not available or insufficient, such as when the sun
sets in the case of solar energy.

By utilizing PCMs, TES systems can store thermal energy during times of
excess or low-cost energy production, such as during daylight hours when solar
energy is abundant. The stored energy can then be released when needed, such as
during nighttime or periods of increased energy demand. This helps to optimize
energy utilization, improve energy efficiency, and reduce the reliance on conven-
tional fossil fuels, thereby contributing to a more sustainable energy system.

2.2 Basics in the phase change mechanism, systems, and analysis

During a phase transition, phase change materials (PCMs) store and release
energy as latent heat. There are three stages to this process: liquid-gas, solid-lig-
uid, and solid-solid. But only phase transitions from solid to liquid matter for
building envelopes. A PCM undergoes an endothermic process in which heat
causes its molecular bonds to weaken and the material absorbs energy. The PCM
undergoes a phase transition from solid to liquid as a result. The PCM regains its
solid state and releases its energy when the temperature drops (Sharma et al.
2009; Kuznik et al. 2011; Pielichowska and Pielichowski, 2014; Kalnas and
Jelle, 2015; Sharma et al. 2015).

2.2.1 Energy conversion mechanism
The Energy Conversion Mechanism refers to the process of converting one
form of energy into another form of energy (Dobrota and Pasti 2020). There are
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various methods of energy conversion, including electrochemical energy conver-
sion systems such as batteries, fuel cells, and supercapacitors (Dunbar et al.,
1992), wireless energy transfer and conversion (Kawasaki, 2013), and wind en-
ergy conversion systems (Wu et al. 2011). In addition, there are several energy
conversion devices based on piezoelectricity, such as fiber-based energy conver-
sion devices for human-body energy harvesting (Huang et al. 2020). Furthermore,
there are intrinsic energy conversion mechanisms that exist between thermal en-
ergy and mechanical work in the telescopic motions of double-walled carbon
nanotubes (Guo et al. 2018).

2.2.2 Energy storage system mechanism

Building energy storage systems can use phase change materials (PCMs) for
both passive and active energy storage. PCMs are integrated into building com-
ponents in passive systems, where they absorb energy when the outside temper-
ature rises to a melting point or higher and release it when the temperature drops.
PCMs in active systems are designed to store energy in independent collectors
during times of low demand and release it again during times of high demand.
Solar energy is typically stored by this system during the day and released at night
when there is a greater need for energy (Kenisarin and Mahkamov, 2016).

2.2.3 Available analytical methods of energy and chemical behav-
ior of PCM

Phase change materials (PCMs) have been thermally analyzed using a variety
of techniques, such as guarded hot plates, T-history techniques, differential scan-
ning calorimetry (DSC), and thermogravimetric analysis (TGA) (Su et al. 2015).
The most popular technique for figuring out PCM thermo-physical properties like
latent heat of fusion and melting temperature is DSC (Sharma et al. 2009; Kuznik
etal. 2011; Kalnes and Jelle, 2015; Sharma et al. 2015). DSC, however, is limited
to the analysis of uniformly sized test samples of PCMs (Li and Fang, 2010; Ed-
dhahak-Ouni et al. 2013; Su et al. 2015)

The melting temperature, supercooling degree, heat of fusion, specific heat,
and thermal conductivity of multiple PCMs can all be simultaneously examined
using the T-history method (Li and Fang, 2010; Eddhahak-Ouni et al. 2013; Su
etal. 2015; Can et al. 2023). PCM-based energy-saving systems' thermal conduc-
tivity is examined using the guarded hot plate method (Li and Fang, 2010; Ed-
dhahak-Ouni et al. 2013; Su et al. 2015). PCMs' thermal stability is assessed using
TGA (Suetal. 2015). Particle size distribution and material morphology are eval-
uated using scanning electron microscopy (SEM) (Su et al. 2015; Kittusamy et
al. 2022). For examining the chemical stability and compatibility of the materials,
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techniques such as X-ray diffraction (XRD) and Fourier transform infrared spec-
troscopy (FTIR) are available (Su et al. 2015; Kittusamy et al. 2022;Xi et al.
2022).

3 Properties and Selection criteria of PCMs

PCM, which stands for Phase Change Material, is a type of material that can
undergo reversible phase transitions between solid and liquid states, typically
with a change in temperature. PCM selection criteria may vary depending on the
specific application and requirements, but here are some common factors to con-
sider when selecting a PCM (Zalba et al. 2003; Sar1 and Kaygusuz, 2014; Cabeza
et al. 2017).

Temperature range: Determine the desired temperature range for the PCM to
operate within. Different PCMs have specific melting and freezing points, and
it's crucial to choose a PCM that matches the desired temperature range for effec-
tive thermal energy storage or thermal management.

Thermal properties: Evaluate the specific heat capacity and latent heat of the
PCM. The specific heat capacity determines how much energy the PCM can ab-
sorb or release per unit mass, while the latent heat refers to the amount of energy
absorbed or released during the phase transition. Higher specific heat and latent
heat values generally indicate better energy storage capabilities.

Thermal conductivity: Consider the thermal conductivity of the PCM, which
affects how efficiently it can transfer heat. Depending on the application, you
may require a PCM with high or low thermal conductivity.

Compatibility: Assess the compatibility of the PCM with the materials and
systems it will be used with. This includes considerations such as chemical com-
patibility, potential reactions with other materials, and whether the PCM can be
easily integrated into the existing system or infrastructure.

Cycle life and reliability: Evaluate the durability and reliability of the PCM
over repeated thermal cycles. Some PCMs may degrade or exhibit reduced per-
formance over time, so it's important to choose a PCM with a suitable cycle life
for the intended application. Cost-effectiveness: Consider the cost of the PCM
and its overall cost-effectiveness in relation to the desired application. This in-
cludes factors such as the initial cost, maintenance requirements, and potential
energy savings or benefits offered by the PCM.

Safety and environmental impact: Assess the safety aspects and environmental
impact of the PCM. Some PCMs may pose risks in terms of flammability, tox-
icity, or environmental hazards. It is crucial to select a PCM that is safe to handle,
non-toxic, and environmentally friendly.
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These selection criteria help determine the most suitable PCM for a specific
application, whether it's for thermal energy storage systems, building insulation,
temperature regulation in electronics, or other thermal management applications.

* Good heat transfer
* High latent heat transition

» Suitable phase transition
temperature

Thermal

» Favorable phase equilibrium

» High density and specific heat
capacity

* L ow vapor pressure

Physical

* Long term stability
* Non-tixic

C h em I Ca I * Non-corrossive

» Compatability with other materials

* No super cooling
» Sufficient crystallization rate

Kinetic

» Abundant

ECO nom iC * Large scale availability

* Simple and Feasible

» | ow environmental effect

= lldelaai=aii= - = Non polluting during life service
* Having recycling potential

Fig. 2. PCM selection criteria.

4. Classification of PCMs

PCMs can be categorized into different types based on their form of heat stor-
age, including solid-solid, solid-liquid, liquid-gas, and solid-gas PCMs. Among
these, solid-liquid PCMs offer advantages such as low cost, high latent heat of
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phase transition, and a wide range of phase transition temperatures. They can be
further classified into inorganic and organic PCMs.

4.1 Inorganic phase change materials

Inorganic phase change materials (PCMs) are a type of PCM that consists of
non-organic substances. Unlike organic PCMs, which are typically composed of
carbon and hydrogen-based compounds, inorganic PCMs are made up of ele-
ments other than carbon and hydrogen. Inorganic PCMs offer unique properties
and advantages for thermal energy storage applications (Tatsidjodoung et al.
2013; Xie et al. 2017).

Some common examples of inorganic PCMs include:

Salt Hydrates: These are compounds that contain water molecules bound
within their crystal structure. They exhibit high latent heat capacity and can store
and release thermal energy effectively. Salt hydrates like sodium sulfate decahy-
drate (Glauber's salt) and magnesium sulfate heptahydrate (Epsom salt) are com-
monly used in TES systems.

Metal Alloys: Certain metal alloys exhibit solid-solid phase transitions with
significant latent heat storage capacity. Examples include alloys based on gal-
lium, indium, and tin. These materials can undergo reversible phase changes near
room temperature and are being explored for various thermal management appli-
cations.

Inorganic Salt Mixtures: Mixtures of different salts can create eutectic com-
positions that have desirable melting and solidification temperatures. For exam-
ple, a eutectic mixture of sodium nitrate and potassium nitrate (also known as
solar salt) is commonly used in concentrated solar power plants for TES.

Inorganic PCMs offer advantages such as high thermal conductivity, excellent
thermal stability, and resistance to degradation or decomposition over repeated
phase change cycles. They are often more suitable for high-temperature applica-
tions compared to organic PCMs. However, they may have challenges such as
lower phase change enthalpy and potential issues related to corrosion or super-
cooling.

4.2 Organic phase change materials

Research has demonstrated that OPCMs can be a useful tool for storing and
releasing solar energy for indoor heating when added to building materials. How-
ever, areas like Canada and the Nordic countries that receive little sunlight during
the winter may find this pattern unsuitable. In these areas, storing solar energy
during the day and releasing it at night may not be as practical as using OPCMs
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to regulate indoor temperature fluctuations in residential buildings. Thus, it ap-
pears more promising to use OPCMs in building materials for thermal regulation
in cold climate countries where biomaterials are highly sought after than to use
them for solar energy storage.

According to Kalnaes and Jelle (2015), in order to ensure passive housing
standards in cold climates, building constructions use a lot of insulation materials
to minimize the amount of heat loads that are transferred between indoor and
outdoor temperatures. They also observed that excess energy is stored and re-
leased when the interior temperature drops in a building that has phase change
materials (PCMSs) incorporated into it. This occurs when the building's internal
thermal mass increases. By controlling temperature variations, energy is used
more effectively. As a result, using PCMs in building construction can be a useful
strategy to raise energy efficiency and lower heating loads in chilly regions.

A number of factors, including physical, thermal, chemical, and kinetic prop-
erties, should be taken into account when choosing a PCM that is appropriate for
use in building applications. Other factors including cost, availability, safety,
compatibility, and dependability must also be considered in addition to these
guidelines. The latent heat of fusion and operating temperature are important con-
siderations when selecting a suitable phase change material. A PCM that is
deemed suitable should possess a large latent heat of fusion and fit within the
working temperature range. To choose the best PCM for a particular building
application, it is crucial to carefully assess and compare various PCMs based on
these parameters and other pertinent factors (Pasupathy et al. 2008; Agyenim et
al. 2010; Baetens et al. 2010; Pielichowska and Pielichowska, 2014; Kalnaes and
Jelle, 2015; Konuklu et al. 2015; Sharma et al. 2015; Souayfane et al. 2016; Nazir
et al. 2019).

According to the research findings supplied, there are two types of organic
phase change materials (OPCMs): par-affins and non-paraffins. Although they
are not bio-based, paraffins and polyethylene glycols are commonly used as
standards (Sharma et al. 2009; Baetens et al. 2010; Sarier and Onder, 2012;
Souayfane et al. 2016; Guo et al. 2018;). Conversely, non-paraffin BPCMs come
from raw materials like animal fat and vegetable oils (Sharma et al. 2009; Jeong
etal. 2013; Yu et al. 2014; Jeong et al. 2014). These materials are less flammable,
exhibit high latent heat, lack super cooling and phase separation, and maintain
their chemical and thermal stability over extended periods of time (Agyenim et
al. 2010; Jeong et al. 2013; Yu et al. 2014; Jeong et al. 2014). The hypothesis that
OPCMs can be incorporated into a variety of construction materials is supported
by the study's findings (Pasupathy et al. 2008; Sharma et al. 2009; Kalnaes and
Jelle, 2015; Souayfane et al. 2016; Guo et al. 2018). Furthermore, non-paraffin
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BPCMs made from raw materials like animal fat and vegetable oils are chemi-
cally and thermally stable over a long period of time (Sharma et al. 2009; Jeong
etal. 2013; Yu et al. 2014; Jeong et al. 2014). As a result, they provide a sustain-
able and environmentally beneficial substitute for conventional building materi-
als.

Non-
Esters Derived

PCMs "
ressources

Fig. 3. Diagram of organic phase change materials (PCMs) classification

3.1. Paraffins

By using latent heat energy storage techniques, paraffins and commercial par-
affin waxes, which are derived from crude oil, have been widely utilized to store
solar energy. The research results that have been provided indicate that paraffins
are cheap, non-toxic, non-reactive, and do not corrode metals. They also have a
high latent heat storage capacity. After many cycles, they maintain their stable
properties, exhibit good thermal and chemical reliability, and are less prone to
phase segregation and supercooling. These materials do, however, have a moder-
ate thermal energy storage density; however, their low thermal conductivity is by
far their greatest disadvantage (Baetens et al. 2010; Sharma et al. 2015; Gulfam
etal. 2019).

Depending on the carbon number, paraffins can withstand temperatures across
a broad range. The melting temperature would increase with the average length
of the hydrocarbon chain. Liquid paraffins have carbon chains with fewer than
fifteen carbons. The melting and heat of fusion temperatures rise as the number
of carbon chains increases (Baetens et al. 2010; Sarier and Onder, 2012; Sharma
et al. 2015).

Therefore, based on the research results, it can be concluded that paraffins are
a suitable material for storing solar energy due to their high latent heat storage
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capacity, stability, and low cost. However, their low thermal conductivity is a
significant drawback. The melting temperature and heat of fusion of paraffins
increase with an increase in the number of carbon chains (Sarier and Onder, 2012;
Pielichowska and Pielichowski, 2014).

3.2 Polyethylene Glycols

Since polyethylene glycol (PEG) is made from crude oil, it is not bio-based;
rather, it is derived from a dimethyl ether chain. Because of its chemical makeup
and properties, PEG is soluble in both water and organic solvents. Grades includ-
ing 400, 600, 1000, 3400, 10,000, 20,000, 35,000, 100,000, and 1,000,000 are
available for PEGs (Sharma et al. 2015). Because polyethylene glycols (PEGS)
are non-flammable, non-toxic, and non-corrosive, they have been extensively
used and researched as possible materials for use as phase change materials
(PCMs).

These materials have a high degree of crystallinity, a large heat of fusion rang-
ing from 117 to 174 kJ/kg, and a melting temperature that varies from 4 to 70°C
depending on the molecular weight. The heat of fusion and melting point of a
polymer increase as its molecular weight does. Because of their stability and lack
of toxicity, PEGs are a good material to use as PCMs. PEGs' melting and fusion
temperatures can be changed by changing their molecular weight (Sharma et al.
2015; Souayfane et al. 2016).

3.3. Polyols

Polyols are classified as medium-temperature (90-200 °C) PCMs and can be
further subdivided into sugar alcohols, poly-alcohols, and glycols (Sharma et al.
2015). In their investigation of various substances, such as sugar alcohol, for use
as PCM, Kaizawa et al. discovered that erythritol has a significant latent heat of
fusion of 344 kJ/kg. It is a promising PCM material for medium-to-high temper-
ature applications because of its 117 °C melting point. Erythritol's high latent heat
of fusion and promising melting point make it a suitable material for use as a
PCM (Kaizawa et al. 2007). Alcohols are a great PCM, but because of supercool-
ing at lower temperatures and volume expansion during phase transition, their use
in construction applications is restricted. When choosing a PCM for building ap-
plications, these constraints need to be taken into account (Elefsiniotis et al. 2013;
Jiang et al. 2014; Sharma et al. 2015).

3.4. Fatty Acids
Compounds that have the general formula CH3(CH2)2nCOOH are found in
both plant and animal sources. The six groups that comprise the most commonly
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used fatty acids are caprylic, capric, lauric, myristic, palmitic, and stearic. Thus,
it can be inferred from the research findings that fatty acids, which come from
both plant and animal sources, are a suitable material for use as PCM. Six groups
comprise the most widely used fatty acids: caprylic, capric, lauric, myristic,
palmic, and stearic (Pasupathy et al. 2008; Kalnaes and Jelle, 2015)

The special and superior properties of fatty acids include congruent melting,
good thermal and chemical stabilities, non-toxicity, biodegradability, and a melt-
ing temperature range that, when combined or esterified, is appropriate for use in
construction (Yu et al. 2014; Jeong et al. 2014; Gulfam et al. 2019). Because of
their special and superior qualities, fatty acids are therefore a good material to use
as PCM, according to the research findings. When combined or esterified, they
have a melting temperature range appropriate for building applications, a congru-
ent melting point, good chemical and thermal stabilities, and are non-toxic and
biodegradable (Pasupathy et al. 2008; Kalnaes and Jelle, 2015; Souayfane et al.
2016).

Recently, researchers have focused on fatty acids as possible BPCMs for low-
to-medium energy storage applications. Fatty acids are exceptional because they
melt congruently, have good chemical and thermal stabilities, are non-toxic, bio-
degradable, and, when combined or esterified, have a melting temperature range
that is appropriate for use in construction. Fatty acids are therefore a promising
material for use as BPCMs for low-to-medium energy storage applications, ac-
cording to the research findings. They are a good substitute for conventional
PCMs due to their exceptional qualities and distinctive features (Rozanna et al.
2005; Sole et al. 2014; Yuan et al. 2014)

Fatty acids and their binary mixtures as BPCMs for thermal energy storage
have been the subject of reviews by Yuan et al. (2014) and Rozanna et al. (2005).
According to Yuan et al. (2014), only the thermal behavior of saturated fatty acids
has been studied in this research. Finding a pure fatty acid with a phase transition
temperature in the right range for thermal energy storage applications is challeng-
ing, according to the study's findings. Nonetheless, it has been discovered that
binary mixtures of fatty acids have a phase transition temperature range that is
appropriate for thermal energy storage applications. The use of fatty acids and
their binary mixtures as PCMs for thermal energy storage was also reviewed by
Rozanna et al (2005). It was discovered that fatty acid binary mixtures have been
demonstrated to have superior thermal properties than pure fatty acids. Fatty acid
derivatives as potential PCMs were studied by Feldman et al (1986; 1995). Butyl
stearate, vinyl stearate, methyl palmitate and methyl stearate (Feldman et al.
1995), and mixtures of ethoxylated linear alcohols (Feldman et al. 1986) were
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among the substances examined in the study. According to the study, these ma-
terials have melting points between 10 and 43 °C with latent heats of 100 to 140
kJ/kg and, in the later study, between 23 and 27°C with a latent heat of fusion of
180 kJ/kg (Feldman et al. 1986; Feldman et al. 1995). Therefore, based on the
research results, it can be concluded that while pure fatty acids may not have a
suitable phase transition temperature range for thermal energy storage applica-
tions, binary mixtures of fatty acids have been found to have a suitable range.

In order to develop a phase change material (PCM) for solar energy storage
applications, Lin et al. (2018) investigated the thermal and chemical characteris-
tics of a combination of expanded graphite, polyvinyl butyral, and palmitic acid.
They discovered that the mixture could be used for solar energy storage because
it had a phase transition temperature that was marginally lower than that of pure
palmitic acid. Despite the lack of physical or chemical interactions, the mixture
also integrated into a stable chemical and crystalline mixture.

Here is a summary of the key findings from the study:

¢ The mixture of palmitic acid, polyvinyl butyral, and expanded graphite had

a phase transition temperature of 56-59°C, which is suitable for solar en-
ergy storage applications.

e The mixture was stable chemically and crystalline, with no physical or

chemical interactions observed.
e The mixture had a high latent heat of fusion, which means that it can store
a lot of energy per unit mass.

e The mixture was non-toxic and environmentally friendly.

Based on these findings, the authors concluded that the mixture of palmitic
acid, polyvinyl butyral, and expanded graphite is a promising PCM for so-
lar energy storage applications (Lin et al. 2018).

Sharma et al. (2016) studied the thermal and chemical stability of three or-
ganic phase change materials (OPCMs) including paraffin wax, palmitic acids,
and myristic acids for 1500 melting/freezing cycles. They used DSC and FTIR to
measure the thermo-physical properties of the PCMs before and after the thermal
cycling. The authors found that all three PCMs showed gradual changes in their
thermo-physical properties after the thermal cycling. However, the changes were
not significant and the PCMs remained stable for up to 1500 melting/freezing
cycles. The authors also found that the melting temperature of the two fatty acids
(palmitic and myristic acids) decreased after 500 thermal cycles, while the melt-
ing temperature of paraffin wax increased. This is because the fatty acids are more
susceptible to oxidation than paraffin wax. Based on these findings, the authors
concluded that paraffin wax, palmitic acids, and myristic acids are all suitable for
thermal energy storage applications. However, paraffin wax may be a better
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choice for applications where long-term thermal stability is required.

4.3 Eutectic phase change materials

Eutectic phase change materials (PCMs) are a specific type of PCM that ex-
hibit a eutectic composition. In a eutectic mixture, the individual components
melt and solidify at a lower temperature than either of the pure components alone.
This characteristic allows for a well-defined melting and solidification tempera-
ture, making eutectic PCMs particularly useful for thermal energy storage appli-
cations. Eutectic PCMs are typically composed of two or more pure substances,
such as salts, metals, or organic compounds, combined in specific ratios. The eu-
tectic composition provides a unique combination of properties for efficient ther-
mal energy storage (Kahwaji and White, 2018; Zeng et al. 2018).

Eutectic PCMs have a well-defined melting point and solidification point,
which means they undergo phase transitions at a specific temperature. During the
phase change, the eutectic PCM absorbs or releases a significant amount of latent
heat, making it an effective medium for thermal energy storage.

Eutectic PCMs generally have high phase change enthalpy, which refers to the
amount of energy absorbed or released during the phase transition. The high en-
thalpy enables the storage of a large amount of thermal energy in a relatively
small volume or mass of the PCM.

The thermal conductivity of eutectic PCMs is an important property as it af-
fects the efficiency of heat transfer during the charging and discharging pro-
cesses. Optimizing the thermal conductivity of eutectic PCMs can enhance the
overall performance of thermal energy storage systems.

Eutectic PCMs find applications in various fields, including building and con-
struction, electronics cooling, thermal management of batteries, solar thermal en-
ergy storage, and waste heat recovery. They offer advantages such as high energy
storage density, temperature stability, and repeatability of the phase change pro-
Cess.

5 Incorporation of PCM in Lignocellulose Materials

The incorporation of phase change materials (PCMs) in lignocellulosic mate-
rials can offer several advantages and potential applications. Lignocellulosic ma-
terials, such as wood or biomass, are renewable and sustainable resources, mak-
ing them an attractive option for incorporating PCMs for thermal energy storage.

Here are some potential benefits and considerations:

1. Thermal Energy Storage: PCMs can absorb and release large amounts of
thermal energy during the phase change process, which can help regulate temper-
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ature fluctuations in buildings. By incorporating PCMs into lignocellulosic ma-
terials, such as wood composites or insulation boards, these materials can act as
thermal storage layers, enhancing the energy efficiency of buildings.

2. Enhanced Thermal Properties: Lignocellulosic materials already possess
inherent thermal properties, such as low thermal conductivity. By incorporating
PCMs, the thermal properties of these materials can be further enhanced, allow-
ing for better insulation and temperature regulation.

3. Sustainable Solution: The use of lignocellulosic materials as a matrix for
PCM incorporation aligns with sustainable and eco-friendly practices. By utiliz-
ing renewable resources, the overall environmental impact of thermal energy
storage systems can be reduced.

4.  Compatibility and Integration: One important consideration is the com-
patibility between the PCM and the lignocellulosic matrix. It is crucial to ensure
proper impregnation or encapsulation of the PCM within the material to maintain
its integrity and prevent leakage during phase transitions. Additionally, the man-
ufacturing process should be optimized to achieve a uniform distribution of the
PCM within the lignocellulosic material.

5. Application-specific Considerations: The choice of PCM and lignocellu-
losic material should be based on the specific application requirements, such as
desired phase change temperature range, latent heat capacity, durability, and fire
resistance.

Overall, the incorporation of phase change materials in lignocellulosic mate-
rials holds promise for energy-efficient and sustainable building applications. On-
going research and development in this area are focused on optimizing the inte-
gration process, improving material performance, and exploring new combina-
tions of PCMs and lignocellulosic matrices to further enhance thermal energy
storage capabilities.

The use of wood flour as a matrix to encapsulate fatty acids, such as lauric
acid (LA), myristic acid (MA), hexadecanoic acid (HA), and stearic acid (SA),
was investigated by Liang et al. (2018) in their study. Through physical interac-
tion, the researchers were able to fill the pores in the wood and retain the acids,
preventing any leakage from being seen. In contrast to pure fatty acids, it was
observed that the resulting combinations or composites showed lower phase tran-
sition temperatures and latent heat of fusion. This finding suggests that the incor-
poration of wood-flour as a matrix may have influenced the thermal properties of
the fatty acids. It's important to consider that the thermal properties of the final
composite can be influenced by various factors, including the interaction between
the matrix and the encapsulated material. In this case, the wood-flour matrix may
have affected the heat transfer characteristics and thermal behavior of the fatty
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acids, resulting in a decrease in phase transition temperature and latent heat of
fusion.

The study conducted by Mathis et al. (2018) focused on exploring the potential
use of red oak and sugar maple for impregnated floors, specifically for micro-
encapsulation of a PCM (Phase Change Material) known as Nextek29. The PCM
used in the study was derived from agricultural resources, although its specific
composition was not disclosed. The reported findings indicated a significant en-
hancement in thermal storage capacity for impregnated red oak compared to un-
treated red oak. The impregnated wood demonstrated a 77% increase in thermal
storage capacity, suggesting that the incorporation of the PCM resulted in im-
proved thermal energy storage capabilities. In terms of application, the impreg-
nated wood was found to receive and store solar energy effectively within a spe-
cific working temperature range of 28 to 31 degrees Celsius. This implies that the
impregnated wood can absorb and release thermal energy within this temperature
range, making it suitable for flooring applications. Additionally, the authors re-
ported that sugar maple exhibited a lower thermal mass compared to red oak. This
suggests that the sugar maple, even when impregnated with PCM, may have a
relatively lower capacity for storing thermal energy compared to red oak. Overall,
the study highlights the potential of using red oak as an impregnated floor mate-
rial for micro-encapsulated PCM, leading to improved thermal storage capacity.
However, it also suggests that different wood species, such as sugar maple, may
exhibit varying thermal properties and should be carefully considered based on
the specific requirements of the application.

The study mentioned involved the incorporation of a blend of lauric and capric
acids as a binary PCM (Phase Change Material) into decorative wood-based pan-
els, specifically medium density fiberboards (MDF) (Mathis et al. 2019). Initially,
the PCM was encapsulated in plastic pouches, and then these pouches were inte-
grated into grooved MDF panels. The researchers concluded that the wood panels
filled with the PCM demonstrated a suitable phase transition temperature of 22.2
°C and a latent heat of fusion of 57.1 J/g. These properties make the composite
material well-suited for building applications, particularly in passive systems
where PCM can play a role in thermal energy storage. The significance of this
finding lies in the fact that the phase transition temperature and latent heat of
fusion of the composite align well with the requirements of passive systems in
buildings. Passive systems aim to optimize energy efficiency by utilizing materi-
als and design strategies that naturally regulate temperature and reduce the reli-
ance on active heating or cooling. By incorporating the binary PCM into MDF
panels, the composite material can effectively absorb and release thermal energy
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within the specified temperature range, contributing to the overall energy perfor-
mance of the building. This study highlights the potential of using wood-based
panels, such as MDF, as a carrier for PCM integration, offering a viable solution
for passive thermal energy storage in building applications.

The study conducted by Yang et al. (2019) focused on delignified and carbon-
ized wood samples that were impregnated with lauric acid (LA). The resulting
composite material exhibited characteristics of a lightweight, highly porous ma-
terial. One notable finding from the study was the significant encapsulation ratio
of more than 80%. This indicates that the lauric acid was successfully impreg-
nated and encapsulated within the wood samples, with a high level of retention
and minimal leakage. Additionally, the composite material demonstrated a latent
heat of 178 J/g. The latent heat of fusion refers to the amount of heat absorbed or
released during a phase transition, in this case, the transition of the lauric acid
between solid and liquid phases. A latent heat value of 178 J/g indicates a sub-
stantial heat storage capacity for the composite material.

The study conducted by Li et al. (2009) focused on investigating the potential
use of a composite material consisting of paraffin, high-density polyethylene
(HDPE), and wood flour as a stable form of phase change material (PCM). The
researchers also explored its application as a thermal storage layer in an electric
floor heating system. The resulting composite material exhibited several desira-
ble properties for building applications. Firstly, it achieved a suitable phase
change temperature range of 20 to 30 degrees Celsius. This means that the com-
posite can undergo a phase transition within this temperature range, allowing it
to absorb or release thermal energy effectively, which is important for thermal
regulation in buildings. Additionally, the composite demonstrated a high latent
heat of fusion, indicating a significant capacity for storing and releasing thermal
energy during the phase change process. This property is crucial for efficient ther-
mal energy storage systems. Moreover, the composite exhibited good thermal
conductivity, which means it can efficiently transfer heat. This property is im-
portant for ensuring the uniform distribution of thermal energy within the com-
posite and facilitating heat transfer to or from the surrounding environment.

The study conducted by Ma et al. (2019) focused on exploring the use of del-
ignified cedar wood impregnated with a eutectic mixture of capric acid-palmitic
acid (PA) as a thermal energy storage system. The thermal analysis of the com-
posite revealed important findings. The composite exhibited a latent heat of fu-
sion of 94 J/g, indicating a significant capacity for storing thermal energy during
the phase change process. The phase change temperature of the composite was
reported to be 23 degrees Celsius, indicating the temperature range at which the
composite undergoes the phase transition.
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The study conducted by Guo et al. (2016) focused on the incorporation of
micro-encapsulated dodecanol as a phase change material (PCM) into a compo-
site material consisting of wood flour and high-density polyethylene (HDPE).
The researchers utilized a pre-polymer modified by polyethylene glycol as the
matrix material for micro-encapsulating the PCM. The composite material was
prepared through a hot-compression process, combining the micro-encapsulated
PCM with the wood flour/HDPE matrix. The thermal properties of the composite
were analyzed, revealing important findings. The melting temperature of the
composite material was reported to be 27.2 degrees Celsius. This temperature
represents the point at which the PCM transitions from a solid to a liquid phase,
absorbing thermal energy in the process. The freezing temperature of the compo-
site, which corresponds to the PCM transitioning from a liquid to a solid phase,
was found to be 11.3 degrees Celsius.

The study conducted by Amini et al. (2022) focused on impregnating Scotch
pine wood samples with capric acid at a concentration of 80%. The researchers
measured the retention value, which refers to the amount of impregnated sub-
stance retained by the wood, and reported a retention value of 267 kg/m? for the
impregnated wood samples. Additionally, the study measured the latent heat of
the impregnated wood samples. At the aforementioned retention level of 267
kg/m® and with capric acid as the impregnating substance, a latent heat of 70.5
J/g was obtained. Latent heat refers to the amount of heat absorbed or released
during the phase change process of the material.

Can and Zigon's (2022) study concentrated on using n-heptadecane as a phase
change material (PCM) to impregnate spruce sapwood. The purpose of the study
was to assess the n-heptadecane-impregnated wood's decay resistance qualities
and thermal energy storage (TES) attributes. A range of characterisation methods,
such as FTIR (Fourier-transform infrared spectroscopy), TGA (thermogravime-
try), DSC (differential scanning calorimetry), and XRD analysis, were utilized to
examine the phase change characteristics of the wood impregnated with n-hepta-
decane. The DSC analysis yielded results that indicated the n-heptadecane-im-
pregnated wood performed moderately well in terms of heat storage and release
during the phase change process. However, specific details about the perfor-
mance, such as the phase change enthalpy or temperature, were not mentioned in
the provided information. The study highlights the potential of using n-heptade-
cane-impregnated spruce sapwood as a TES material. The findings suggest that
the impregnated wood has the capability to store and release thermal energy, alt-
hough the extent of its performance was not explicitly specified. Further analysis
and investigation using the mentioned characterization techniques could provide
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a more comprehensive understanding of the phase change properties of the n-
heptadecane-impregnated wood.

Can et al. (2023) investigated the biological characteristics, hygroscopicity,
and thermal performance of three distinct commercial phase change materials
(PCMs) after impregnating sapwood from Oriental spruce trees. The morphology
and characteristics of the PCM-impregnated wood were examined using a variety
of characterization methods, including differential scanning calorimetry (DSC),
Fourier transform infrared spectroscopy (FT-IR), thermogravimetric analysis
(TGA), and scanning electron microscopy (SEM). DSC analysis supported the
results, which showed that the PCM-impregnated wood performed poorly in
terms of heat storage and release during phase change processes. Nonetheless, at
the operating temperatures, the PCMs showed outstanding thermal stability. With
a phase change temperature of 21.49 °C and a phase change enthalpy of 40.34
J/g, PCM1W demonstrated the most satisfactory results of all the samples. The
study also assessed the wood impregnated with PCM's resistance to biological
assaults. The PCMs were discovered to be resistant to fungi that demolish wood.
Following a 96-hour water absorption test, the wood samples' water absorption
dropped by 28%, and their tangential swelling dropped by 75%. Experiments
conducted on a lab scale showed how resistant the PCM material is to biological
assaults. To validate these results, additional large-scale pilot studies are still
needed.

Thermal properties of the MPCM and microcapsule-impregnated poplar wood
(MPCMW) were analyzed using thermogravimetric analysis (TGA) and differ-
ential scanning calorimetry (DSC). The MPCM demonstrated excellent thermal
stability at the working temperature range. Among the samples, MPCM2 and
MPCM3 exhibited the most satisfying results with phase change enthalpies of
98.85 J/g and 135.1 J/g, and phase change temperatures of 58.29 °C and 60.76
°C, respectively, which are within the medium-temperature zone suitable for
building applications. Poplar wood samples were then impregnated with the
MPCM using a vacuum-pressure process, resulting in approximately 15% weight
gain. The impregnation process did not significantly alter the chemical structure
and crystallinity ratios of the wood samples, as confirmed by FTIR and XRD
analyses. TGA analysis revealed that thermal decomposition occurred in two
stages, and the MPCMW samples began to decompose at 200 °C. The MPCMW
samples exhibited latent heat storage ranging from 30.8 J/g to 82.62 J/g within
the temperature range of 59.70 °C to 61.73 °C. These samples also demonstrated
great durability, maintaining a latent heat of 40-50 J/g even after undergoing 50
heating-cooling cycles. Furthermore, the thermal conductivity enhancements of
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the MPCMW samples were approximately 40% higher than the reported values
for untreated poplar wood (Can, 2023).

6. Advantages of Wood-based PCMs

The utilization of wood as a support material for PCMs offers several ad-
vantages. First, wood is a naturally grown capillary porous material with natural
channels known as capillaries (Li et al. 2022). This unique structure allows for
the preparation of composite materials through capillary adsorption (Zhai et al.
2009). Second, wood is a sustainable and renewable resource, making it an envi-
ronmentally friendly choice for thermal energy storage applications (Can, 2023).

Wood-based PCMs have been found to have superior thermal insulation per-
formance compared to traditional building materials such as steel, glass, and ce-
ment (Li et al. 2023). The thermal insulation performance of wood is 400 times
that of steel and 16 times that of concrete (Li et al. 2023). Lightweight timber-
framed buildings, which utilize wood-based PCMs, have shown potential in
greatly reducing heating and cooling costs over the lifespan of residential units
(Soares et al. 2017). Additionally, timber-structured buildings have been found
to be more energy-efficient compared to light-framed and concrete-structured
buildings (Li et al. 2022).

The impregnation of wood with PCMs allows for the regulation of indoor tem-
peratures, reducing the need for artificial heating and cooling systems. This pas-
sive utilization of solar energy contributes to lower energy consumption and re-
duced costs in buildings. Furthermore, wood-based PCMs can provide a more
homogeneous temperature distribution within buildings, enhancing thermal com-
fort and improving overall energy efficiency (Xia et al. 2021).

7. Advancements in Wood-based PCMs

Recent developments in wood-based PCMs have focused on improving their
thermal stability, latent heat of phase transition, and leakage prevention during
the phase change process. Researchers have explored innovative approaches to
enhance the performance of wood-based PCMs, leading to promising results.

For example, Xu et al. developed PCMs by mixing silica sol and PEG and
pressing them into wood. The resulting PCES-Wood showed good thermal sta-
bility and excellent thermal latent heat. The silica network formed inside the
wood prevented the leakage of PCMs during phase change (Xu et al. 2020). Yang
et al. (2018) reported the development of thermochromic delignified wood com-
posed of a thermochromic compound and delignified wood. This composite ma-
terial reduced heat flow and had a suitable phase change temperature, enabling it
to maintain the internal temperature for a longer duration than pristine wood.
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These advancements in wood-based PCMs have opened up new possibilities
for their practical applications in the building industry. By utilizing renewable
and recyclable biomass media as support materials, form-stable PCMs based on
wood offer a sustainable and efficient solution for thermal energy storage. The
transmittance of energy storage wood for sunlight transmission and utilization
has also been explored, further enhancing the versatility and potential applica-
tions of wood-based PCMs (He et al. 2023; Li et al. 2023).

8. Electrothermal Conversion of PCES-Wood

In addition to its thermal storage capabilities, PCES-Wood has also shown
potential for electrothermal conversion. This means that it can convert electrical
energy into thermal energy and vice versa. This property opens up possibilities
for utilizing PCES-Wood in various applications, including heating systems, tem-
perature regulation, and energy-efficient devices.

The electrothermal conversion of PCES-Wood relies on its unique properties,
such as its high thermal conductivity and electrical resistivity. These properties
allow for efficient heat transfer and electrical conduction, enabling the conversion
of electrical energy into heat and vice versa. By integrating PCES-Wood into
heating systems, the efficiency and performance of these systems can be signifi-
cantly improved, leading to energy savings and reduced environmental impact
(Lietal. 2023).

9. Photothermal Conversion of PCES-Wood

In addition to electrothermal conversion, PCES-Wood has also demonstrated
potential for photothermal conversion. This means that it can convert solar energy
into thermal energy, offering opportunities for sustainable and renewable energy
utilization.

The photothermal conversion of PCES-Wood relies on its ability to absorb
and convert sunlight into heat. This property is enhanced by the incorporation of
light-absorbing materials or coatings onto the surface of the PCES-Wood. These
materials or coatings can enhance the absorption of sunlight and increase the ef-
ficiency of photothermal conversion. By harnessing solar energy through PCES-
Wood, buildings can reduce their reliance on traditional energy sources and con-
tribute to a more sustainable and environmentally friendly future (Li et al. 2023).

10. Challenges and Future Research Directions

While wood-based PCMs offer numerous advantages and innovative applica-
tions, there are still challenges to overcome and areas for further research. One of
the main challenges is the leakage problem during the phase change transition
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process. Ensuring the encapsulation of PCMs within the wood matrix is crucial for
preventing leakage and maximizing the performance of wood-based PCMs. Ongo-
ing research is focused on developing effective encapsulation techniques and en-
hancing the thermal conductivity of PCES-Wood to address this challenge (He at
al. 2023).

Future research directions in wood-based PCMs include exploring new and sus-
tainable sources of biomass media as support materials, investigating the scalability
and cost-effectiveness of PCES-Wood production, and optimizing the performance
and durability of PCES-Wood in various applications. Additionally, advancements
in nanotechnology and materials science may offer new opportunities for further
improving the properties and performance of wood-based PCMs (Li et al. 2023; He
et al. 2023).

11. Conclusion

Phase change material-impregnated wood offers a promising solution for
thermal energy storage in the building industry. By utilizing wood as a support
material for PCMs, buildings can benefit from passive solar energy utilization and
improved temperature regulation. Wood-based PCMs have shown superior thermal
insulation performance, energy efficiency, and sustainability compared to
traditional building materials. Recent advancements in wood-based PCMs have
focused on enhancing their thermal stability, latent heat of phase transition, and
electrothermal and photothermal conversion capabilities.

However, challenges remain, particularly regarding the leakage problem during
the phase change transition process. Ongoing research is dedicated to developing
effective encapsulation techniques and improving the thermal conductivity of
PCES-Wood. Future research directions include exploring sustainable biomass
media, optimizing production scalability and cost-effectiveness, and further
enhancing the performance and durability of wood-based PCMs.

Overall, wood-based PCMs offer a sustainable and efficient solution for thermal
energy storage in buildings, contributing to energy savings, improved thermal com-
fort, and reduced environmental impact. Continued research and development in
this field will pave the way for the widespread adoption and application of wood-
based PCMs in the building industry.

Author Contributions
Ahmet Can: Contributed the laboratory studies

Conflict of Interest
The authors declared no conflict of interest.

47



References

. Jacobson, M.Z., Delucchi, M.A., Bazouin, G., Bauer, Z.A., Heavey, C.C,,
Fisher, E., Yeskoo, T. W. (2015). 100% clean and renewable wind, water,
and sunlight (WWS) all-sector energy roadmaps for the 50 United States.
Energy & Environmental Science, 8(7), 2093-2117.

. Memon S.A. (2014). Phase change materials integrated in building walls: A
state of the art review. Renew Sustain Energy Rev 31(C):870-906.
https://doi.org/10.1016/J.RSER.2013.12.042

. Verdier D., Ferriere A., Falcoz Q., Siros F., Couturier R. (2014).
Experimentation of a high temperature thermal energy storage prototype
using phase change materials for the thermal protection of a pressurized air
solar receiver. Energy Proc 49:1044— 1053.

. Zhai, M., Huang, G, Liu, L., Zhang, X. (2019). Ecological network analysis
of an energy metabolism system based on input-output tables: Model
development and case study for Guangdong. Journal of cleaner production,
227, 434-446.

.Powell, K.M,, Kim, J.S., Cole, W.J., Kapoor, K., Mojica, J.L., Hedengren, J.D.,
Edgar, T. F. (2016). Thermal energy storage to minimize cost and improve
efficiency of a polygeneration district energy system in a real-time
electricity market. Energy, 113, 52-63.

. Sarbu I., Sebarchievici C. (2018). A Comprehensive review of thermal energy
storage. Sustain 10(1):191.

. Hussain A., Arif S.M., Aslam M., Hussain A., Arif S.M., Aslam M. (2017).
Emerging renewable and sustainable energy technologies: State of the art.
Renew Sustain Energy Rev. 71(C):12-28.

. Zhao, B. C., Cheng, M. S., Liu, C., Dai, Z. M. (2017). Cyclic thermal
characterization of a molten-salt packed-bed thermal energy storage for
concentrating solar power. Applied Energy, 195, 761-773.

. Yang, Z., Garimella, S.V. (2013). Cyclic operation of moltensalt thermal

energy storage in thermoclines for solar power plants. CTRC Res Publ

103:256-265. https://doi.org/10. 1016/j.apenergy.2012.09.043

10. Ahmed, S. F., Khalid, M., Rashmi, W., Chan, A., Shahbaz, K. (2017). Recent

progress in solar thermal energy storage using nanomaterials. Renewable

and Sustainable Energy Reviews, 67, 450-460.

11. Kenisarin, M., Mahkamov, K. (2007). Solar energy storage using phase

change materials. Renew Sustain Energy Rev 11(9):1913— 1965.

12. Schossig, P., Henning, H.M., Gschwander, S., Haussmann, T. (2005). Micro-

encapsulated phase-change materials integrated into construction

materials. Sol Energy Mater Sol Cells 89(2—3):297— 306.

48


https://doi.org/10.1016/J.RSER.2013.12.042

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Kuznik, F., David, D.;,Johannes, K., Roux, J.J. (2011). Areview on phase
change materials integrated in building walls. Renew. Sustain. Energy Rev.
15, 379-391.

Kalnzs, S.E., Jelle, B. (2015). Phase change materials and products for
building applications: A state-of-the-art review and future research
opportunities. Energy Build. 94, 150-176.

Sharma, A., Tyagi, V., Chen, C., Buddhi, D. (2009). Review on thermal
energy storage with phase change materials and applications. Renew.
Sustain. Energy Rev. 13, 318-345.

Sharma, R., Ganesan, P.B., Tyagi, V., Metselaar, H.S.C., Sandaran, S.(2015)
Developments in organic solid—liquid phase change materials and their
applications in thermal energy storage. Energy Convers. Manag. 95, 193—
228.

Pielichowska, K., Pielichowski, K. (2014). Phase change materials for
thermal energy storage. Prog. Mater. Sci. 2014, 65, 67-123.

Dobrota, A.S., Pasti, I. A. (2020). Chemisorption as the essential step in
electrochemical energy conversion. Journal of Electrochemical Science
and Engineering, 10(2), 141-159.

Dunbar, W. R., Lior, N., & Gaggioli, R. A. (1992). The component equations
of energy and exergy.

Kawasaki, S. (2013, May). The green energy harvesting winds by the
RF/microwave power transmission. In 2013 IEEE Wireless Power
Transfer (WPT) (pp. 111-114). IEEE.

Wu, B., Lang, Y., Zargari, N., & Kouro, S. (2011). Fundamentals of wind
evergy conversion system control.

Huang, L., Lin, S., Xu, Z., Zhou, H., Duan, J., Hu, B., Zhou, J. (2020). Fiber-
based energy conversion devices for human-body energy harvesting.
Advanced Materials, 32(5), 1902034.

Guo, Z., Zhang, H., Li, J., Leng, J., Zhang, Y., Chang, T. (2018). An intrinsic
energy conversion mechanism via telescopic extension and retraction of
concentric carbon nanotubes. Nanoscale, 10(10), 4897-4903.

Kenisarin, M.M., Mahkamov, K. (2016). Passive thermal control in
residential buildings using phase change materials. Renew. Sustain.
Energy Rev. 55, 371-398.

Su, W., Darkwa, J., Kokogiannakis, G. (2015). Review of solid-liquid phase
change materials and their encapsulation technologies. Renewable and
Sustainable Energy Reviews, 48, 373-391.

Eddhahak-Ouni, A., Drissi, S., Colin, J., & Neji, J. (2013, March). Analysis
by differential scanning calorimetry of concrete modified with

49



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

microencapsulated phase change materials. In 2013 international
renewable and sustainable energy conference (IRSEC) (pp. 337-342).
IEEE.

Li, H., Fang, G. Y. (2010). Experimental investigation on the characteristics
of polyethylene glycol/cement composites as thermal energy storage
materials. Chemical engineering & technology, 33(10), 1650-1654.

Can, A, Lee, S. H., Antov, P., Abd Ghani, M. A. (2023). Phase-Change-
Material-Impregnated Wood for Potential Energy-Saving Building
Materials. Forests, 14(3), 514.

Kittusamy, R.K., Rajagopal, V., Felix, P.G. (2022). Preparation and Thermal
Characterization of Nanographene-Enhanced Fatty Acid-Based Solid-
Liquid Organic Phase Change Material Composites for Thermal Energy
Storage. Strojniski vestnik-Journal of Mechanical Engineering, 68(7-8),
461-470.

Xi, S., Bu, Z,, Kong, G., Cao, Y., & Yu, W. (2022). Perspectives on the
Application of Phase Change Energy Storage in Building Energy
Efficiency. ES Energy Environ.

Zalba, B., Marin, J. M., Cabeza, L. F., & Mehling, H. (2003). Review on
thermal energy storage with phase change: materials, heat transfer analysis
and applications. Applied Thermal Engineering, 23(3), 251-283.

Sar1, A., & Kaygusuz, K. (2014). A review of phase change materials for solar
thermal energy storage applications. Renewable and Sustainable Energy
Reviews, 31, 974-982.

Cabeza, L. F., Castell, A., Barreneche, C., de Gracia, A., Fernindez, A. 1,
Farid, M. M. (2017). Phase change materials for energy storage in
buildings: A review. Renewable and Sustainable Energy Reviews, 68,
1154-1179.

Tatsidjodoung, P. Le Pierrés, N. and Luo, L. (2013). A review of potential
materials for thermal energy storage in building applications, Renew.
Sustain. Energy Rev., vol. 18, 327-349.

Xie, N. Huang, Z. Luo, Z. Gao, X. Fang, Y. and Zhang, Z. (2017). Inorganic
salt hydrate for thermal energy storage, Appl. Sci., 7(12).

Kalnes, S.E.; Jelle, B. (2015). Phase change materials and products for
building applications: A state-of-the-art review and future research
opportunities. Energy Build. 94, 150-176

Pasupathy, A., Velraj, R. Seeniraj, R. (2008). Phase change material-based
building architecture for thermal management in residential and
commercial establishments. Renew. Sustain. Energy Rev. 12, 39-64

Souayfane, F., Fardoun, F., Biwole, P.H. (2016). Phase change materials

50



39.

40.

41.

42,

43.

44,

45.

46.

47,

48.

49,

50

(PCM) for cooling applications in buildings: A review. Energy Build. 129,
396-431.

Agyenim, F., Hewitt, N.J., Eames, P., Smyth, M. (2010). A review of
materials, heat transfer and phase change problem formulation for latent
heat thermal energy storage systems (LHTESS). Renew. Sustain. Energy
Rev. 14, 615-628.

Nazir, H.,, Batool, M., Osorio, F.J.B., Isaza-Ruiz, M., Xu, X., Vignarooban,
K., Phelan, P., Inamuddin; Kannan, A.N.M. (2019). Recent developments
in phase change materials for energy storage applications: A review. Int. J.
Heat Mass Transf. 129, 491-523.

Konuklu, Y.; Ostry, M.; Paksoy, H.; Charvat, P. (2015). Review on using
microencapsulated phase change materials (PCM) in building
applications. Energy Build. 106, 134-155.

Baetens, R., Jelle, B., Gustavsen, A. (2010). Phase change materials for
building applications: A state-of-the-art review. Energy Build. 42, 1361—
1368.

Sarier, N., Onder, E. (2012). Organic phase change materials and their textile
applications: An overview. Thermochim. Acta, 540, 7-60.

Jeong, S.G., Chung, O,, Yu, S., Kim, S., Kim, S. (2013). Improvement of the
thermal properties of Bio-based PCM using exfoliated graphite
nanoplatelets. Sol. Energy Mater. Sol. Cells 2013, 117, 87-92.

Yu, S., Jeong, S.G., Chung, O., Kim, S. (2014). Bio-based PCM/carbon
nanomaterials composites with enhanced thermal conductivity. Sol.
Energy Mater. Sol. Cells 2014, 120, 549-554.

Jeong, S.G., Lee, J.H., Seo, J., Kim, S. (2014). Thermal performance
evaluation of Bio-based shape stabilized PCM with boron nitride for
energy saving. Int. J. Heat Mass Transf. 2014, 71, 245-250.

Gulfam, R., Zhang, P., Meng, Z. (2019). Advanced thermal systems driven
by paraffin-based phase change materials—A review. Appl. Energy, 238,
582-611.

Kaizawa, A., Maruoka, N., Kawai, A., Kamano, H., Jozuka, T., Senda, T.,
Akiyama, T. (2007). Thermophysical and heat transfer properties of phase
change material candidate for waste heat transportation system. Heat Mass
Transf. 44, 763—769.

Jiang, Y.; Hussain, H.; Kressler, J. Poly(vinyl alcohol) Cryogel Formation
Using Biocompatible Ice Nucleating Agents. Macromol. Mater.
Eng. 2014, 300, 181-190.

. Elefsiniotis, A., Becker, T., Schmid, U. (2013). Thermoelectric Energy

Harvesting Using Phase Change Materials (PCMs) in High Temperature

51



51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

Environments in Aircraft. J. Electron. Mater. 43, 1809-1814.

Solé, A., Neumann, H., Niedermaier, S., Martorell, I., Schossig, P., Cabeza,
L.F. (2014). Stability of sugar alcohols as PCM for thermal energy
storage. Sol. Energy Mater. Sol. Cells 126, 125-134.

Yuan, Y., Zhang, N., Tao, W., Cao, X., He, Y. (2014). Fatty acids as phase
change materials: A review. Renew. Sustain. Energy Rev. 29, 482-498.
Rozanna, D., Chuah, T.G., Salmiah, A., Choong, T.S.Y., Sa’Ari, M. (2005).
Fatty Acids as Phase Change Materials (PCMs) for Thermal Energy

Storage: A Review. Int. J. Green Energy 1, 495-513.

Feldman, D., Shapiro, M., Banu, D. (1986). Organic phase change materials
for thermal energy storage. Sol. Energy Mater. 13, 1-10.

Feldman, D., Banu, D., Hawes, D. (1995). Development and application of
organic phase change mixtures in thermal storage gypsum wallboard. Sol.
Energy Mater. Sol. Cells 36, 147-157.

Lin, Y., Zhu, C., Alva, G., Fang, G. (2018). Palmitic acid/polyvinyl
butyral/expanded graphite composites as form-stable phase change
materials for solar thermal energy storage. Appl. Energy 228, 1801-1809.

Sharma, R.K., Ganesan, P.B., Tyagi, V.V. (2016). Long-term thermal and
chemical reliability study of different organic phase change materials for
thermal energy storage applications. J. Therm. Anal. Calorim. 124, 1357—
1366.

Kahwaji, S., White, M. A. (2018). Prediction of the properties of eutectic fatty
acid phase change materials. Thermochimica Acta, 660, 94-100.

Zeng, J. L., Chen, Y. H., Shu, L., Yu, L. P., Zhu, L., Song, L. B., Cao, Z.,
Sun, L. X. (2018). Preparation and thermal properties of exfoliated
graphite/erythritol/mannitol eutectic composite as form-stable phase
change material for thermal energy storage. Solar Energy Materials and
Solar Cells, 178, 84-90.

Liang, J., Zhimeng, L., Ye, Y., Yanjun, W., Jingxin, L., Changlin, Z. (2018).
Fabrication and characterization of fatty acid/wood-flour composites as
novel form-stable phase change materials for thermal energy storage.
Energy Build. 171, 88-99.

Mathis, D., Blanchet, P., Landry, V., Lagiére, P. (2018). Impregnation
ofWood with Microencapsulated Bio-Based Phase Change Materials for
High Thermal Mass Engineered Wood Flooring. Appl. Sci. 8, 2696.

Mathis, D., Blanchet, P., Landry, V., Lagiere, P. (2019). Thermal
characterization of bio-based phase changing materials in decorative
wood-based panels for thermal energy storage. Green Energy Environ. 4,
56-65.

52



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Yang, Z., Deng, Y., Li, J.(2019). Preparation of porous carbonized woods
impregnated with lauric acid as shape-stable composite phase change
materials. Appl. Therm. Eng. 150, 967-976.

Li, J., Xue, P., He, H., Ding, W., Han, J. (2009). Preparation and application
e
ects of a novel form-stable phase change material as the thermal storage
layer of an electric floor heating system. Energy Build. 2009, 41, 871-880.

Ma, L., Wang, Q., Li, L. (2019). Delignified wood/capric acid-palmitic acid
mixture stable-form phase change material for thermal storage. Sol. Energy
Mater. Sol. Cells 2019, 194, 215-221.

Guo, X., Cao, J., Peng, Y., Liu, R. (2016). Incorporation of microencapsulated
dodecanol into wood flour/high-density polyethylene composite as a phase
change material for thermal energy storage. Mater. Des. 89, 1325-1334.

Amini, M.H.M., Temiz, A., Hekimoglu, G., Demirel, G.K., Sar1, A. (2022).
Properties of Scots pine wood impregnated with capric acid for potential
energy saving building material. Holzforschung 76, 744-753.

Can, A., Zigon, J. (2022). n-Heptadecane-Impregnated Wood as a Potential
Material for Energy-Saving Buildings. Forests, 13(12), 2137.

Can, A., Ergun, M. E., Ozliisoylu, 1. (2023). Properties of oak wood
incorporating microencapsulated phase change material. BioResources,
18(3), 6068.

Can, A. (2023). Preparation, characterization, and thermal properties of
microencapsulated palmitic acid with ethyl cellulose shell as phase change
material impregnated wood. Journal of Energy Storage, 66, 107382.

Li, Y., Wang, B., Zhang, W., Zhao, J., Fang, X., Sun, J., Xia, R., Guo, H.,
Liu, Y. (2022). Processing wood into a phase change material with high
solar-thermal conversion efficiency by introducing stable polyethylene
glycol-based energy storage polymer. Energy, 254, 124206.

Li, Y., Zhang, W., Sun, J., Fang, X., Wang, B., Li, F., Zhang, D., Guo, H.,
Liu, Y. (2023). A route of polyethylene glycol-based phase change heat
storage wood with AIN as the thermal conductive filler. Wood Science and
Technology, 1-23.

Soares, N., Santos, P., Gervasio, H., Costa, J. J., & Da Silva, L. S. (2017).
Energy efficiency and thermal performance of lightweight steel-framed
(LSF) construction: A review. Renewable and Sustainable Energy
Reviews, 78, 194-2009.

Xia, R., Zhang, W., Yang, Y., Zhao, J., Liu, Y., & Guo, H. (2021).
Transparent wood with phase change heat storage as novel green energy
storage composites for building energy conservation. Journal of Cleaner

53



Production, 296, 126598.

75. Xu, J., Yang, T., Xu, X., Guo, X., & Cao, J. (2020). Processing solid wood
into a composite phase change material for thermal energy storage by
introducing silica-stabilized polyethylene glycol. Composites Part A:
Applied Science and Manufacturing, 139, 106098.

76. Yang, H., Wang, Y., Yu, Q., Cao, G., Yang, R., Ke, J., Di, X,, Liu, F., Zhang,
W., Wang, C. (2018). Composite phase change materials with good
reversible thermochromic ability in delignified wood substrate for thermal
energy storage. Applied energy, 212, 455-464.

77. He, S., Zhao, X., Wang, E. Q., Chen, G. S., Chen, P. Y., Hu, L. (2023).
Engineered Wood: Sustainable Technologies and Applications. Annual
Review of Materials Research, 53.

54



Chapter 3

An Overview On Disaster Of The Century And The Impact On
Agriculture
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Abstract:

Earthquakes are known to have various effects on agriculture. Depending on
their magnitude, earthquakes cause delays in agricultural activities and damage
to production resources. It is known that each of the 10 provinces affected by the
earthquake we experienced in February 2023, are provinces with very high
agricultural potential. Adana, Sanlurfa, Diyarbakir, Malatya, Kahramanmaras,
Hatay, Malatya, Kahramanmaras, and Diyarbakir, which account for about 15
percent of the total agricultural land in Turkey, are also located in the earthquake
zone. The earthquake zone also accounts for 20 percent of Turkey's crop
production and 15 percent of livestock production. In these 11 earthquake-
affected provinces, there are 2.6 million hectares of field crops, including cereals
and other crops. This corresponds to approximately 15.5 percent of Turkey's crop
production. The earthquakes that hit Turkey have caused significant damage to
agriculture and food security. The earthquakes caused cracks, fissures and
collapses in fields, making it difficult to use agricultural land. Agricultural
irrigation systems were also damaged. As Turkey is an earthquake-prone country,
we need to get used to living with earthquakes. Therefore, some measures need
to be taken to protect agricultural areas and at the same time to ensure
sustainability.
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Introduction

Disaster of the Century

On February 6, 2023, two earthquakes centered in Pazarcik and Elbistan
occurred when we experienced the disaster of the century (Fig.1). Afterwards,
thousands of large and small aftershocks occurred. These earthquakes, which
were very close to the surface, were very different from the major earthquakes
that occur in the world. The differences of the earthquakes which, occurred at a
depth very close to the earth's surface. This increased its destructiveness a lot.
These earthquakes caused the Anatolian peninsula to shift 3 meters to the west,
which is also created some problems on the lands. Some of these were rifts and
depressions in the agriultural area (Fig. 2).

EUROASIAN
[_—_] PLATE
Feb 6
Two large
earthquakes
ANATOLIAN 7=
PLATE N
R |
g ARABIAN
PLATE

Kaymak: The Telegraph

Fig. 1. On February 6, where two major earthquakes occurred and the plates in
the region.

As we all know, earthquakes are natural disasters that can cause significant

damage to human life and the environment. The soil quality and fertility of a
region can be affected by earthquakes. Soil contamination is becoming an
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increasing post-ecarthquake problem that can have a negative impact on food
security and human health (UNEP., 2020). Soil pollution can reduce crop yields
due to toxic levels of contaminants. It can make these crops unsafe for
consumption by animals and humans. The main anthropogenic sources of soil
pollution are chemicals used in industrial activities or produced as by-products,
household waste, municipal waste (including wastewater); livestock, agricultural
chemicals, and petroleum derivatives (FAO., 2021). Post-earthquake construction
and demolition wastes, i.e. excavations, have also become sources of pollution.
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Fig.2. Rifts in the lands after the 6 February earthquake (AA., 2023)

Soil pollution can lead to the extinction of both plants and animals, cause the
emergence of new pests and diseases and change the balance of ecosystems. It
also allows the spread of antimicrobial resistant bacteria and genes (EC., 2023
and FAO., 2021). For all these reasons, soil pollution caused by earthquakes has
become a very important issue after major earthquakes. Earthquakes affecting the
soil, of course, affect agriculture, especially sustainable agriculture and food.

Effects of Earthquake on Agriculture:
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Today, it is a known fact that earthquakes have various effects on agriculture.
Depending on their magnitude, earthquakes cause damage to production
resources and delays in agricultural activities (Fig. 3). Cracks, landslides, and
fractures in the land due to earthquakes make the use of agricultural land more
difficult. Not only land but also agricultural irrigation systems can be damaged.
Migration due to earthquakes also has negative effects on agricultural production
(Yavuz., 2023). Earthquakes can also have negative impacts on crop and animal
production activities, such as stopping or delaying agricultural production
activities, loss of crops, stored inputs and livestock (UNEP., 2020, EPA., 2023
and FAO., 2015).

Depending on their magnitude, earthquakes can cause different effects such
as damage to production resources and difficulty in accessing these resources.
Due to earthquakes, cracks, landslides, landslides, cracks and fractures that occur
in lands where agriculture is intensive make it difficult to use agricultural lands.
Sometimes they prevent it. In addition, agricultural lands, irrigation pipes and
sometimes irrigation canals can also be damaged by all these effects. Migration
due to all these negative conditions caused by earthquakes can disrupt agricultural
production (Yavuz., 2023).

In earthquakes that occur during the production period, animal and plant
production activities are also severely damaged. These damages can be in the
form of loss of products and inputs or animal wastage during both production
activities and harvesting. Distortions in the land can cause harvest loss as well as
making harvesting difficult. Feed shortages can also occur when animal feed is
destroyed by earthquakes. Long/short-term power outages and lack of access to
fuel during energy-demanding animal and crop production processes can also
cause significant losses.

59



Fig. 3. After the February 6 earthquake, huge cracks in a field in Hatay (Sergen
Sezgin/AA, 24 Subat 2023)

All these negative effects of earthquakes on agriculture can lead to decreases
in animal and plant production. Most importantly, decreases in product quality
can push prices to very high levels. Earthquake disruptions that may occur at
many stages of the food supply chain may lead to both loss of agricultural
products and higher food prices. These developments can push up food inflation
first and then general inflation.

It is a known fact that each of the 10 provinces affected by the earthquake we
experienced in February 2023 are provinces with very high agricultural potential.
Adana, Sanlurfa, Diyarbakir, Malatya, Kahramanmaras, Hatay, Malatya,
Kahramanmaras, and Diyarbakir, which account for about 15 percent of the total
agricultural land in Turkey, are also located in the earthquake zone (Fig.4). The
earthquake zone also accounts for 20 percent of Turkey's crop production and 15
percent of livestock production. In these 11 earthquake-affected provinces, there
are 2.6 million hectares of field crops, including cereals and other crops. This
corresponds to approximately 15.5 percent of Turkey's crop production (Yavuz.,
2023).

The magnitude of all these impacts depends on various factors, such as the
magnitude of the earthquake. For example, the earthquakes that hit Turkey in
February 2023 caused significant damage to agriculture and food security. The
earthquakes caused cracks, fissures and subsidence in fields, making it difficult
to use agricultural land (Fig. 4). Agricultural irrigation systems were also
damaged.
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Fig. 4. February 6 earthquake ruptures in agricultural areas (Anonymous.,
2023)

Effects of Earthquakes on Soil Quality and Productivity
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Earthquakes can have various impacts on soil, agriculture, soil quality and soil
fertility. For example, earthquakes directly affect the soil, causing soil
liquefaction, the process by which saturated soil temporarily loses its strength and
behaves like a liquid. This can cause buildings and infrastructure to sink or topple.
The severity of soil liquefaction depends on factors such as the type of soil and
the intensity of the earthquake. Earthquakes indirectly affect agriculture. They
can disrupt agricultural activities by damaging crops, irrigation systems and
storage facilities.

The extent of damage depends on factors such as the proximity of the
epicenter, the magnitude of the earthquake and the resilience of agricultural
infrastructure. Earthquakes also indirectly affect soil quality. Earthquakes can
affect soil quality by changing the physical, chemical and biological properties of
soil. They can change the aggregate stability of soils. For example, seismic
shaking can cause compaction, which reduces soil porosity, affecting water
infiltration and root growth. In addition, earthquakes can introduce new materials
into the soil through landslides or ground fractures. Earthquakes can affect soil
fertility by disrupting nutrient cycling processes (C, N, etc.). Seismic tremors can
lead to the loss of topsoil, which contains organic matter and nutrients essential
for plant growth. Furthermore, earthquakes can alter soil pH and nutrient
availability, potentially affecting crop productivity.

The specific effects of earthquakes on soil, agriculture, soil quality and soil
fertility can vary depending on factors such as the magnitude of the earthquake,
the depth of seismic activity and local geological conditions.

Suggestions

Since Turkey is an earthquake-prone country, we need to get used to living
with earthquakes (Fig. 5). Therefore, some measures need to be taken to protect
agricultural areas and at the same time ensure sustainability. By increasing crop
diversity, we can minimize crop losses and thus control food security. Another
measure is to design irrigation systems with flexible pipes and connection points.
This can help prevent damage during earthquakes. Developing emergency
response plans and conducting drills can help farmers respond effectively during
earthquakes. Training farm workers on safety protocols, evacuation routes and
first aid procedures is crucial to minimize injuries and ensure a coordinated
response (FEMA., 2021). Implementing soil conservation practices such as
tillage, terracing and cover cropping can improve soil stability and reduce the risk
of erosion triggered by seismic events. Maintaining healthy soil structure through
the addition of organic matter and proper nutrient management also contributes
to long-term soil resilience (W.B., 2016). It is important that farmers are aware
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of earthquake risks in their area and collaborate with local authorities, agricultural
extension services and disaster management agencies to implement appropriate
mitigation strategies.

Fig. 5. Earthquake map of Turkey (AFAD, 2018).

Conclusions

It is a known that earthquakes can have various effects on agriculture.
Depending on their magnitude, earthquakes cause delays in agricultural activities
and damage to production resources. Since Turkey is an earthquake-prone
country, we need to get used to living with earthquakes. Therefore, some
measures should be taken to protect agricultural areas and at the same time to
ensure sustainability. If we count a few of them; By increasing crop diversity,
food security can be controlled. Flexible pipes can be used for irrigation to
prevent damage during earthquakes. Conducting emergency drills can help
farmers respond effectively during an earthquake. Implementing soil
conservation practices can improve soil stability and reduce the risk of erosion
triggered by seismic events. The addition of organic matter can maintain soil
structure while also ensuring long-term soil resilience. It is important for farmers
to cooperate with local authorities, agricultural extension services and disaster
management agencies on earthquake preparedness.
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Chapter 4

Economic Value And Usage
Areas Of Algae

Ayse GUNDOGDU*
Saniye TURK CULHA?

Abstract

Algae, which are used in many fields today, are living organisms that show
diversity with many classifications within themselves. Algae are evaluated in two
groups: microalgae and macroalgae. Microalgae form the first link of the food
chain and are called primary producers. They vary from small single-celled
species to complex multicellular structures. Marine flora consists of algae and
seagrass. Algae are important in terms of maintaining the CO; - O; balance in
their environment, providing places for nutrition, reproduction, shelter, and
protection of aquatic organisms, and creating balance between organisms in the
aquatic environment. They are ecologically important for many vertebrate and
invertebrate species, as they lay eggs, hide their larvae, and provide shelter from
their enemies. In addition to forming the first link of the food chain as they are
primary producers, some species have indicator properties in the environment. It
is known that algae have been used by people for a long time, especially in the
fields of food, medicine, and cosmetics. Substances such as alginic acid obtained
from brown algae, agar obtained from red algae, and some types of microalgae
(Spirulina, Chlorella, etc.) are used in many branches of industry today.

Keywords: Microalgae, macroalgae, algae use, chemical content, nutrients.

Introduction

Algae is one of the organisms that have a very important role in the ecosystem
and they live in quite different environments. Algae can live in a wide range of
environments on Earth, from the poles to hot water sources, from freshwater to
salt water. They can grow in seas and lakes at depths of 100 m below the surface
or with lower light intensity, and under high pressure. Studies show that an
important part of the algae such as 70% ecologically, is watery areas. Thanks to
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the pigments in their structure, they convert CO;and H-O into organic substances
with the effect of light, thus increasing the nutritional value and dissolved O; ratio
in the aquatic environment. For this reason, they have a very important role in the
functioning and continuity of the aquatic ecosystem. Because of this role, they
form the first link in the food chain and are called primary producers. Algae
contain and produce polysaccharides, proteins, fats, fatty acids, essential amino
acids, minerals, vitamins, and bioactive molecules (Ak et al., 2022:26).

Studies on marine algae and their usage possibilities have been carried out for
many years. In 2700 BC, King Shen Nung is known as the first person to use
algae. After Christ (AD), marine algae became of great importance in the field of
medicine and as a nutrient in China, Japan, and Korea. Algae were first used as a
colorant in the cosmetics industry in the Roman Empire, during the time of Virgil
and Heros. The oldest known usage area of algae is fertilizer making, and it was
mostly used in the Far East (Cirik, 1981:28; Kaba and Caglak, 2006:31). In
addition, agar, carrageenan, and alginate are the most important substances
obtained from algae (Cirik, 1981:28). Agar is the first red algae product produced
in the Far East and has been recently recognized in Europe. Carrageenan, which
is a product obtained from red algae such as agar, has been used on European
coasts for many years as a thickener for marmalades and similar works. However,
in recent years, the usage areas and importance of Carrageenan obtained by
extraction have increased a lot (Jensen, 1966:31). Besides red algae, brown algae
are also of great value. Alginic acid and alginates are the most important products
obtained from brown algae. The discovery of alginic acid and its usability as a
raw material in modern industry emerged in 1897 as a result of the work of E.C.C.
Stanford, who was born in Sussex. The production of alginic acid and alginates
in the USA started in 1929 and developed as an industry branch (Myklestad,
1963:32; Kaba and Caglak, 2006:31). “Seaweeds” or “sea vegetables” are
commonly known as macroalgae (Paiva et al., 2017:33), which have been used
by humans for generations as food, soil conditioner, or fertilizer. Today, in the
main market of Asia, macroalgae are used as food, fertilizer, phycocolloid
[general name of colloids (agar and alginate etc.) extracted from algae], and
cosmetic components. Despite this, macroalgae are still considered
“underutilized” resources (Milledge and Harvey, 2016:32) and their industrial
production is not at the expected levels (Barka and Blecker, 2016:27; Sasa et al.,
2020:33).

Algae are used in almost every field of industry. Due to the fact that they can
be cultivated throughout the year, can be produced in areas that are not suitable
for agriculture, and are the systems that use water and solar energy most
efficiently, studies on biomass production to be used in energy sources and
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different areas (water treatment, as fertilizer) are noteworthy in recent years.
Because of their valuable metabolites and pigments in their cells, they are also
consumed as antioxidants, thanks to their natural food dye, food support and
immune-boosting properties. In addition, they are used in animal feed, fertilizer,
aquaculture, alcohol industry, paper and rubber industry, paint and textile
industry, pharmaceutical and cosmetic industry, and wastewater treatment due to
their high metal binding capacity. The algae, which are cultured both in the
natural environment and in laboratory conditions, have great importance in the
economy. In recent years, the potential of microalgae in the production of
biofuels, which is a renewable and non-toxic energy source, has also been
mentioned (AK et al., 2022:26).

1. Chemical Content of Algae

Algae are primary producers in the marine ecosystem. They have a very
important place with the acids, alkaloids, amines, cellulose, enzymes, glycosides,
trace elements (Ga, Zn, Ni, Co, Fe, Mn, Ca, Cr, B, Na, Mg, Al, F, K) and
inorganic minerals, lipids, sterols, steroids, fatty acids, phenolic components
(shikimic acid, shikimate, phenylpropanoid, phenolic acid, coumarin, lignan,
flavonoid, anthocyanin, tannin, quinone), phytohormones (auxin, gibberellin),
pigments, proteins, peptides, amino acids, vitamins (C, B12, H, folic acid,
nicotinic acid, pantothenic acid, B1, B2, E, K) and volatile components (acetic,
acrylic, butyric, formic, myristic, palmitic acid, aldehyde, alcohol, terpenes and
phenols) they contain (Lewis, 1962:32; McCourt, 1995:32; Brownlee et al.,
2005:27; Al-Saif et al., 2014:26).

In a study, the presence of stigmasterol, hexadecanoic acid, and decortinon
was detected in the green algae Codium elongatum. B-sitosterol was detected in
another green alga, Enteromorpha intestinalis. Saturated and unsaturated fatty
acids were isolated from red algae Botrocladia leptopoda varieties. The presence
of cholesterol and different new metabolites has been shown in the brown alga
lyengaria stellata (Ali et al., 1999:26). In another study, the presence of fatty
acids, steroids, carotenoids, polysaccharides, lectins, mycosporin-like amino
acids, halogenated compounds, polyketides, and toxins in algae was emphasized
(Cardozo et al., 2007:27; Aktar and Cebe, 2010:26).

Algae are organisms of commercial importance due to their ability to produce
different chemical and biological compounds. They show diversity from small
unicellular species to complex multicellular structures. They are also the most
important primary producers of biomass and one of the most valuable groups for
organisms (Gezici et al., 2012:30). Thanks to the valuable metabolites they store
in the cell, algae can be used as food support and health protection, animal feed,

67



fertilizer due to their soil structure improvement properties, natural food dye,
cosmetics industry, and wastewater treatment thanks to their metal binding
abilities (G6kpinar et al., 2013:30).

The most commonly used algae for economic purposes are Brown algae
(Phaeophyta, Fucophyta), red algae (Rhodophyta), and green algae
(Chlorophyta), (Figure 1-3.). The most cultivated macroalgae are Macrocystis,
Palaria, Laminaria, Alaria, Sargassum, Undaria, Gracilaria, Gelidium,
Gelidella, Gigartina, Kappaphcus, Eucheuma, Chondrus, Porphyra, Iridaea,
Hypnea, Acanthophora, Agardhiella, Plocamium, Monostroma, Ulva and
Enteromorpha are economic species belonging to the genus (Sukatar and
Senkardesler, 2001:33). Microalgae contain high energy thanks to fatty acids
such as oleic acid (C18:1) and palmitoleic acid (C16:1), which are more than 80%
in amount. For this reason, it is very convenient to turn microlags into fuel.
Gasification, pyrolysis, and transesterification methods can be given as examples
of the methods used to convert microalgae to biodiesel. Fatty acid compositions
are of primary importance in the production of biodiesel by microorganisms
(Eligin et al., 2009:30).

o I i , 2 e . )

Figure 1: Marine brown algae: (a) Fucus vesiculosus; (b) Laminaria

digitata; (c) Padina pavonica; and (d) Undaria pinnatifida contain a
s | (Dembitsky,

(RSO 1l

Figure 2: Marine red algae: (a) Asparagopsis taxiformis (b)Corallina
officinalis (c) Porphyra umbilicalis (d) Gracilaria verrucosa
(Dembitsky, 2022:29).
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Figure 3.Green algae belonging to the genus Codium: (a) C. capitatum;
(b) C. dwarkense; (c) C. taylorii; and (d) Codium sp. live in different

zones of the world’s oceans and contain different types of saturated
and methyl-branched FA (Dembitsky, 2022:29).

2. Classification of Algae

Algae are generally classified into two groups, macroalgae and microalgae
according to their size, while on the other hand, they are classified differently as
brown, red, green algae and cyanobacteria according to the pigments they contain
(Ak and Cirik, 2017:26; Algay et al., 2017:26). It is known that 104 species of
blue-green algae, 380 species of red algae, 144 species of brown algae and 141
species of green algae are distributed in the seas of our country (Taskin et al.,
2004:33; Durucan and Turna, 2011:29). Macroalgae, are a distinct group of
multicellular, fast-growing, large-sized, (Khan et al., 2018:31) plant-like protists
that can be seen with the naked eye, and are classified as brown (Phaeophyta),
green (Chlorophyta), and red algae (Rhodophyta). Their colors are due to the
different pigments they contain (Villarruel-Lopez et al., 2017:34; @verland et al.,
2019:33). Macroalgae, which are generally found in the zones close to the coast
(El-Gamal, 2010:29) and vary between 1-2 cm and 40-50 m in size depending on
the species, are vegetative organisms that form the nutrition, shelter, and breeding
environment for aquatic creatures (Ak and Cirik, 2017:26).

Microalgae are microscopic creatures and can be prokaryotic like
cyanobacteria (Chloroxybacteria) or eukaryotic like green algae (Chlorophyta)
(Khan et al., 2018:31). Microalgae can multiply rapidly and survive even under
adverse conditions thanks to their unicellular or simple multicellular structures
(Mata et al., 2010:32; Elcik and Cakmakci, 2017:29). Microalgae, about 3-10 um
in diameter or length, are bio compounds with high nutritional value and
therapeutic functions such as lipids, proteins, carbohydrates, pigments, and
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polymers. They are autotrophic microorganisms that use light energy and
inorganic nutrients such as carbon dioxide, nitrogen, and phosphorus to
synthesize and develop these compounds (De Morais et al., 2015:28).

Microalgae are present as phytoplankton both near the coast and in the deep
zones. Phytoplankton are composed of organisms such as diatoms,
dinoflagellates, green and yellow-brown flagellates, and blue-green algae
(Cynanophyceae), (ElI Gamal, 2010:29). In general, microalgae are classified as
red, green, brown, and blue-green algae according to the pigments they contain
(Dineshkumar et al., 2017:29). The only group within the microalgae classes that
includes prokaryotic organisms is the blue-green algae. Blue-green algae are
classified by bacteriologists in the Cyanobacteria division since their cells do not
have nuclei and plastid walls, do not have mitochondria, Golgi apparatus, and
vacuoles, and gender is not seen (Ak and Cirik, 2017:26). This group of algae is
of great importance for humans and animals in terms of the proteins,
carbohydrates, lipids, vitamins, enzymes, and other bioactive compounds
(antibiotics, algicides, toxins, pharmaceutically active compounds, and plant
growth regulators) they synthesize (Demiriz, 2008:28; Sasa, et al., 2020:33). In
the generally valid classification system, algae are divided into seven sections in
the non-flowering plants (Symptomatic plants-Cryptogamae) branch (Giiner and
Aysel, 1989:31; Giiner, 1994:31):

A- Cyanophyta (Blue-Green Algae): Blue-green algae can live both in
water and on land. Algae living in water are either free-swimming or cling
to a place, depending on their condition. Although the members of this
section are usually unicellular, simple or pseudo-branched filamentous types
can also be found that form colonies. Some species of blue-green algae living
in stagnant waters become abundant in certain seasons and years, causing
coloration of the waters. The resulting colors are usually wine red or violet
red.

B- Euglenophyta (Whiplash Algae): They are single-celled organisms
that are naked or surrounded by a special wall. They usually swim freely.
There is one class and two orders of flagellated algae that live in fresh,
brackish, and moist environments. When abundant in water, E. sanguinia
species change the color of the water to red.

C- Pyrrophyta (Fire color Algae): They are two flagellated algae that
can be single-celled colonies or branched filamentous. They usually live in
the seas, although some can live in fresh and brackish waters. The most
important team in the department is Dinophycales. Most of the genera in this
order live in the seas and form the food of fish. When the Gymnodinium
brevis species included in these grow too much, they can cause the death of
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the fish. Species belonging to the genus Peridinium cause a luminescent
phenomenon called yakomoz in the seas.

D- Chrysophyta (Golden Algae): This section, which has a wide
distribution area and is represented by many species, is systematically
divided into three classes. The largest class of golden algae is
Bacillariophyceae. This class is also divided into two groups according to
cell structure. Diatoms living in fresh, brackish, salty waters and humid
environments are single-celled and can form colonies. Its cells consist of two
interlocking box covers, one small and the other large.

E- Chlorophyta (Green Algae): It is a section containing green plants
with a single-celled, threadlike, ribbon-shaped structure that differ in shape
and size. Its walls are composed of pectin and cellulose. They have a wide
distribution area in nature. 90% live in fresh water and 10% live in the sea.
Some species form a group of plants called lichens together with fungi.

F- Phaeophyta (Brown Algae): They mostly live in the seas. It has
filamentous, leafy, densely branched, tree-like forms. Cells are
mononuclear. Their walls are made of cellulose and pectin. Some species are
very rich in alginate substances. Brown algae, which is a single class, are
divided into three subclasses.

G- Rhodophyta (Red Algae): It is the most developed part of algae. Most
of them have thallus which are multi-row, filamentous, densely branched, or
large-surfaced fleshy structures. In many species, cell walls are composed of
an outer mucilage-like pectin layer and an inner cellulose layer. In some
groups, for example, in the class Corallinaceae, they look like stones
because they accumulate abundant calcium carbonate on their cell walls.

3. Macroalgae and Microalgae consumed as food
Nori or Mor Laver (Porphyra spp.): Sushi is the most common use of
nori. Sushi is a typical Japanese dish, served on a nori plate with sour and boiled
rice with some sugar and vinegar, sauce on top, and usually, slices of various
types of raw fish, wrapped in a roll and cut 3-4 cm thick. In another method, nori
is cooked for a short time and then cut into small pieces and sprinkled over boiled
rice or noodles. In addition, tsukudani aonori, which is preserved by boiling in
soy sauce, is known as a luxurious dish (Kaba and Caglak, 2006:31). Another use
of nori is in rice sandwiches called onigiri. Nori is used as a raw material for jam
and wine, and the products are called nori jam or nori wine. In China, nori is used
to make soups and to prepare spicy foods by frying them in hot oil (Ogur,
2016:32).
Aonori or Green Laver (Monostroma spp. and Enteromorpha spp.):
Another macroalgae used as human food, Aonori is the trade name for a mixture
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of various green seaweeds such as sea lettuce (Ulva) or true green laver
(Enteromorpha) and Monostrama. Among these green algae, Monostrama
latissimum and Enteromorpha prolifera are grown for commercial purposes in
Japan today (Ogur, 2016:32). These algae contain 20-26% protein and 19-23%
mineral substances. Enteromorpha's sodium content is lower than others, but its
calcium and iron content is higher. They are rich in B group vitamins, especially
B group vitamins are in higher value in Enteromorpha (Yamamota, 1982:34;
Kaba and Caglak, 2006:31).

Kombu or Haidai (Laminaria japonica): Kombu is the Japanese name
for dried seaweed derived from a mixture of the Laminaria species. These include
L. longissima, L. japonica, L. angustata, L. coriacea and L. ochotensis. Recently,
kombu has been considered as an energy source and its cultivation has been done
successfully. 32% of the kombu obtained in China is used as raw material in
alginate production (Nisizawa, 1985:32). Konbu is rich in minerals, vitamins,
amino acid (especially ascorbic acid and glutamic acid) content, and EPA
(Eicosapentaenoic acid) ratio (20-25%), (Fujiwara, 1984:30). Suboshi kombu,
obtained from Laminaria angustata, is boiled with soy sauce and some spices. In
making chopped kombu, suboshi konbu is chopped into strips and dipped in soy
sauce to obtain konbu pickle. Sliced kombu is the process of softening suboshi
konbu obtained from Laminaria japonica by soaking it in vinegar and slicing it
with a knife. Roll kombu is the suboshi konbu obtained from Laminaria angustata
and Laminaria longissima cut into rectangles and wrapped in paper rolls
(Chapman and Chapman, 1980:28; Ogur, 2016:32).

Wakame, quandai-cai (Undaria pinnatifida): In Japan, wakame products
are mostly made from Undaria pinnatifida. Wakame is a sea vegetable or edible
seaweed. In Japan, salted wakame is used as a thickener in various soups and
stews. It can also be consumed fresh, in the form of a raw salad by mixing it with
soy sauce, or boiled and added with vinegar, sugar, and soy sauce. Sliced wakame
is mechanically cut into small pieces and dried in the dryer. The cut leaves are
classified into uniform sizes, packaged in plastic films, and made ready for sale
(Nisizawa, 1985:32).

The amount of Fe, Mg, and Cu in wakame is higher than in konbu and hizik.
The Ca and P contents are relatively high in haiboshi and sliced wakame, while
the Na content is high in yudoshi-enzo wakame. In terms of amino acid content,
the amount of alanine, glycine, proline and serine is higher than aspartic and
glutamic acid. The presence of these amino acids creates the unique flavor of
wakame. Suboshi wakame is rich in vitamin content and has almost the same
amount of vitamins in unprocessed leaves. Haiboshi wakame is also relatively
rich in vitamins. However, in other processed products a significant portion of
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the vitamins are lost. In contrast to konbu and hiziki, palmitic and oleic acids
constitute a significant portion of the fatty acid content of the total oil in wakame
(Nisizawa, 1985:32; Kaba and Caglak, 2006:31).

Hiziki (Hizikia fusiformis): Hiziki is a typical nutrient derived from
macroalgae used as human food in Japan and is made from Hizikia fusiformis.
Boiled hiziki is cut into small pieces (about 5 cm) and dried in the sun again, the
product is called “hoshi hiziki”. Hoshi hiziki is boiled or roasted and mixed with
pureed soybeans and some vegetables (especially carrots). It is then sweetened
with soy sauce and sugar, cooked, and offered for sale. Another area of use is to
use the water obtained by boiling hoshi hizik in water, called dashi, in making
meals or soups. Additionally, hoshi hiziki is boiled with the addition of soy sauce,
sugar, and rice wine, and this mixture is served with boiled rice. Although there
is a loss of vitamins during the boiling of hoshi hiki, its niacin content is relatively
high and its total lipid content is low. In addition, it is rich in mineral substances,
especially Fe and Cu content (Nisizawa, 1985:32; Kaba and Caglak, 2006:31).

Mozuku (Cladosiphon okamuranus): Mozuku is a brown seaweed harvested
from the natural population of the southern island of Japan, which has a more
tropical climate. Harvested seaweed must be protected from the sun and is stored
to dry for approximately 15 days. It is put on the market after cleaning and 20-
25% salting. It is sold wet and salted in packages ranging from 250 g to 18 kg. It
is washed to remove salt, drained, and used as a fresh vegetable, eaten with soy
sauce and in seaweed salad (McHugh, 2003:32; Ogur, 2016:32).

Seagrass or green caviar (Caulerpa lentillifera): The genus Caulerpa has
many species, but Caulerpa lentillifera and C. racemosa are the most popular
edibles. Both have a grape-like appearance and are used as fresh salads.

Dulse (Palmaria palmata): Dulse is a type of red algae with leathery leaves.
Dulse is a good source of minerals, iron content is very high, and contains all
trace elements necessary for human nutrition. Its vitamin content is even higher
than a vegetable like spinach.

Irish moss or carrageenan moss (Chondrus crispus): This moss is not eaten
as is, but as a result of its carrageenan content, it is used for its thickening power
when boiled in water. This seaweed is used in seaweed salad, as sashimi
garnishes, and as a soup ingredient. Chondrus crispus is an industrial source of
carrageenan, often used as a thickener and stabilizer in dairy products such as ice
cream and processed foods including lunch meat. It can also be used as a
thickener in pressed fabric and for clarification in beer or wine.

Winged Kelp (Alaria esculenta): In Ireland, Scotland (United Kingdom), and
Iceland are eaten both fresh and cooked. It has the best protein among the Kelps
and is rich in trace metals and vitamins, especially in terms of niacin.
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Ogo, Ogonori or Sea Moss (Gracilaria spp.): Gracilaria is used as food in
Japanese, Hawai and Philippine cuisine.

Callophyllis variegata: The demand for edible seaweed in Chile has increased
and Callophyllis variegata ("Carola™) is one of the most popular. This red
seaweed has a high commercial value.

Microalgae have rich protein, carbohydrate, and fatty acid content. These
organisms, which have high nutritional value, are the most important source of
macronutrients, vitamins, and trace elements for aquatic animals. The main
ingredient in the composition of microalgae is crude protein. It is also noteworthy
that microalgae are rich in vitamins, especially the high amount of vitamin B12.
Protein-rich microbial algae contain abundant mineral substances such as K, Na,
Mg, Ca, P, S, and Fe. The ratio of these mineral substances varies more or less
depending on the seasons. The amount of nucleic acids these algae contain is also
at values that cannot be neglected. A culture of microalgae in open fields is only
possible in the warm months or when certain temperatures are reached (Atay,
1978:27).

Spirulina is a rich micronutrient and a source of antioxidants, amino acids,
vitamins, and minerals (Figure 4). Spirulina contains 65% protein, more protein
than any other natural nutrient, and the digestibility of protein is high. It has a fat
content of 15-20% and a high rate of polyunsaturated fatty acids. Spirulina has
rich thiamine, niacin, riboflavin, and beta-carotene content, and is also the richest
source of herbal vitamin B12 in nature. It has a high absorption rate of Fe, and
rich Ca content (Kaba and Caglak, 2006:31). The features that make chlorella and
spirulina important in human and animal nutrition are that they contain long-
chain polyunsaturated fatty acids, natural phenolic compounds with antioxidant
properties, sterols, protein at a higher rate of 50% and essential amino acids (Vaz
et al., 2016:34; Andrade et al., 2018:26). Table 1 shows microalgations
recommended to be used in human consumption (Borowitzka, 1998:27; Algay et
al., 2017:26).

Table 1.Microalgies used for human consumption or recommended (Figure 5-7).

Algae | Sources

Cyanobacteria (Blue-green algae)

Spirulina platensis USA, Thailand, China, Taiwan, India etc.
cultured in their country.

Spirulina maxima USA, Thailand, China, Taiwan, India etc.
cultured in their country.

Nostoc commune Collected from the field.

Aphanizomenon flos-aqua Collected from the field (USA, Lake
Klamath).

74



Chlorophyta

Chlorella spp. It was cultured in Taiwan and Japan.

Dunelialla salina (beta karoten i¢in) It was cultured in Australia, Israel and the
United States.

Scenedesmus sp. Czechoslovakia and experimentally
cultivated.

Haemotococcus pluvialis (for astaxanthin) It is only experimentally cultural.

Figure 4: Spirulina platensis. (http://www.hashmidawakhana.co.in/spirulina-

platensis.html). (Bilal and Altiner, 2020:27)

Figure 6: Chlorella sp. and Ashraf, 2018:33)
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Figure 7. Scenedesmus acuminatus (Anonymous (2023b.:26).

5. Nutritional Content of Algae

It is known that algae are very rich in carbohydrates, proteins, lipids, fatty
acids, glycerol, natural pigments (beta-carotene, astaxanthin, xanthophyll,
phycobilin) and amino acids (Durmaz et al, 2002:29). In addition, it has been
determined by many researchers that they contain bioactive substances with
antibacterial, antifungal, and antiviral properties, such as minerals, vitamins,
polysaccharide,s and polyphenols (Chandini et al., 2008:28). Algae is a rich
source of antioxidant vitamins and pigments, as well as polyunsaturated fatty
acids (Gokpinar et al., 2001:30; Ogur, 2016:32).

Algae are sources of protein, amino acids, carbohydrates, fats, oils, fatty acids,
polysaccharides, minerals, and vitamins (Lahaye, 1991:31; Darcy-Vrillon,
1993:28 ; Burtin, 2003:27). For example, 100 g of Porphyra or Palmaria meets
all of the daily human needs for vitamins A, B2, and B12 and 67% of the vitamin
C requirement (Chapman, 1970:28). Vitamin A is abundant in Ulva, Laminaria,
Undaria, Sargassum, and Codium species. In comparison, algae are as rich in
vitamin A as cabbage (Cirik and Cirik, 2004:28). Carotene amounts have been
detected in some of the algae distributed in the Mediterranean and Black Sea.
Cystoseira species of Adriatic origin contain 66-111 mg/kg™® carotene in dry
matter, Sargassum vulgare 71 mg/kgt and Cystoseira barbata of Black Sea
origin 120 mg/kg™ (Atay, 1984:27).

Algae are rich in vitamin C. In studies, vitamin C contents of Ulva,
Enteromorpha, Alaria, Undaria, Laminaria, Sargassum, Undaria, Porphyra,
Wildemannia, and Gigartina were determined as 3-135 mg/100g-1 (dry weight),
(Chapman, 1970:28). Brown algae contain higher amounts of vitamin E than
green and red algae. Among brown macroalgae, the highest amount of vitamin E
was determined as 200-600 mg tocopherol/kg-1 (dry weight) in the Fucus and
Ascophyllum species. Red algae and green algae contain only alpha tocopherols,
while brown algae contain alpha, beta, and gamma tocopherols (Burtin, 2003:27).

76



Brown algae contain higher amounts of vitamin E than green and red algae.
Among brown macroalgae, the highest amount of vitamin E was determined as
200-600 mg tocopherol/kg-1 (dry weight) in the Fucus and Ascophyllum species.
Red algae and green algae contain only alpha tocopherols, while brown algae
contain alpha, beta, and gamma tocopherols (Venugopal, 2009:34; Caf, 2014:27).

Protein amounts of algae vary from species to species. In Spirulina, a
microalgae, this ratio is 70% in dry matter, while 30-40% in red algae, 20% in
green algae, and 10-11% in brown algae. The oil content of algae is low, ranging
between 1-5%. Despite this, it has been reported that the essential fatty acids it
contains are much higher than other land plants (Givens, 1997:30). The amount
of protein in Porphyra species is equal to soybeans, 3 times richer than wheat, 6
times richer than rice, and 1.7 times richer than beef (Unal, 1988:34). Algae can
be considered a good prebiotic source due to their 75% fiber content and high
content of polysaccharides such as alginic acid, laminarin, phycocyanin,
phycoerythrin, carrageenan (O’Sullivan et al., 2010:32). Prebiotics are
fermentable, non-digestible carbohydrates that increase some microorganisms in
the intestine, facilitate the colonization of non-enteropathogens and positively
affect human or animal health (Kaleli, 2007:31; Inang et al., 2005:31).

Algae are usually found in oceans, rivers, freshwater lakes, streams, streams,
arctic lakes, puddles, etc., They can live in a wide range of areas in aquatic and
semi-aquatic environments, are autotrophic and photosynthetic organisms
(Yiksel, 2009:34; Algay et al., 2017:26). Thanks to the pigments in their
structure, algae convert carbon dioxide and water into carbohydrates under the
influence of light, increasing the nutritional value of the aquatic environment and
providing a food source for many aquatic creatures, as well as increasing the
dissolved oxygen rate in the water (Duan, 2013:29). In addition, algae are very
important in terms of protecting the integrity of the entire ecosystem, as they
produce two-thirds of the photosynthetic carbon needed by the whole world
(Ogur, 2016:32; Sasa, et al., 2020:33).

6. Algae used in bioplastic production

Algae, which is the best raw material for polymers obtained from natural
polysaccharides or carbon-containing sugars, has a very high potential as a
renewable biomass source in bioplastic production with these features. The main
element used in bioplastic production is polysaccharides. Common
polysaccharides found in marine algae are floridean starch, agar, and alginates.
For example; green algae contain sulfuric acid polysaccharides, sulfate galactans
and xylans, while brown algae contain alginic acid, fucoidan (sulfate fucose),
laminarin (B-1,3 glucan), and sargasan; It contains red algae agar, carrageenans,
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floridean starch (amylopectin-like glucan), and water-soluble sulfate galactan
(Ozdemir and Erkmen, 2013:33).

7. Algae used as a source of Diatomite

"Diatomite™ which has a wide range of uses ranging from filtration to filler to
refractories, is a sediment consisting of fossilized siliceous shells of single-celled
microscopic algae called diatoms. Usage areas;

o As afilter aid in all kinds of filtration processes.

e As an additive in concrete production, in the production of paint,
toothpaste, rubber, plastic, medicine, cosmetics, paper, matches, polish,
glaze, cleaning agents, and similar products,

e As a catalyst carrier in chemical reactions, as an absorbent in liquids and
dynamite,

o Asasource of silica, in the preparation of many chemical substances, as a
medium-strength abrasive, as a mechanical insecticide, in the production
of cat litter, and as an insulation material,

o Due to its extremely low heat, sound, and electrical conductivity, it is used
in the form of powder or plates in the production of insulation materials.

¢ It has wide application areas in the production of light building materials
and refractory materials and generally as ceramic raw material (Ozbey and
Atamer, 1987:33; Cetin and Tas, 2012:28).

8. Microalgae used as a pigment source

Today, many microalgae species are used in biotechnological studies for
industrial purposes due to their high protein, beta-carotene, unsaturated fatty
acids, vitamins, and pigment contents. Pigment-producing microalgae have
produced p-Carotene, Astaxanthin, Phycocyanin, Xanthophyll, and
Phycoerythrin.

e f-Carotene: Rhodophyto from red algae contains o and (-Carotene,
Chloromonodophyta contains Diadinoxanthin, Hetereoxanthin, and
Vaucheriaxanthin, and Chlorophta is characterized by Acetylenic
carotenoids.

¢ Astaxanthin: Astaxanthin is a carotenoid obtained from microalgae, has
high commercial value, and has positive effects on human health due to its
strong antioxidant properties. It is widely used in preserving the colors of
tropical ornamental fish and coloring the egg yolks of poultry.

e Phycoerythrin: Porphyridium, a red microalgae genus, is a source of
biochemicals with nutritional and therapeutic properties, and it is reported
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that the algae genus contains polysaccharides with antiviral and anti-
inflammatory effects, long-chain unsaturated fatty acids, and pigments and
fluorescents such as Zeaxanthin. These water-soluble pigments are used as
natural colorants in foods and are also used in cosmetics and
pharmaceuticals. Red phycoerythrin gives some specific properties to
foods due to its yellow fluorescence. For this purpose, it is used in
lollipops, alcoholic and non-alcoholic drinks.

e Porphyridium-Phycocyanin: It is a blue pigment obtained from the red
alga Porphyridium aeugineum. The most important phycocyanin is C-
phycocyanin.

e Lutein: Lutein gives foods a bright yellow color as a color pigment.
Functional foods; Ready soup, alcoholic beverage, biscuit, sauce, cake,
confectionery, and fruit juice sectors are the food sectors that use Lutein
(Celikel et al., 2006:28; Duru and Yilmaz, 2013:29).

9. Microalgae and biofuel technology

Due to their particular properties, microalgae can play an essential function
globally in the manufacturing of excessive value-introduced merchandise, foods,
feeds, fertilizers, polymers, and biofuels, further to a few different environmental
properties consisting of wastewater bioremediation and carbon dioxide
mitigation (Ferreira et al., 2019:30). Microalgae are microorganisms that contain
carbohydrates, proteins, lipids, and vitamins. In general, microalgae can contain
approximately 15-77% oil, depending on the species. Compared to other oil
crops, their high oil content and fast growth efficiency make microalgae attractive
for biodiesel and biogas production. Production of these fuels from microalgae
has the potential to meet the increasing global energy need and to contribute to
the prevention of global warming at least partially by converting excess carbon
dioxide in the atmosphere into efficient products through photosynthesis
(Ulukardesler and Ulusoy, 2012:33). In addition to its capacity for the
manufacturing of biofuels, microalgae can develop in numerous environments
which include saltwater and wastewater, saving arable land and freshwater for
meal crops. They develop quickly and efficiently, yield extra biofuel consistent
with vicinity than land plants, and assist lessen greenhouse gases with the aid of
using CO; from the air or commercial emissions (Abreu et al., 2023:26).

10. Use of algae as nanofibers

Because algae have a high carbon content and may be used to make biofuels,
bioplastics, and health supplements, they are a desirable feedstock. Algae or algal
extracts are inexpensive, sustainable, renewable, and show promise for creating
value-added biocomposite materials with antibacterial, anticancer, medicinal,
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and restorative qualities (Karaduman et al., 2022:31). Algae are famous for his or
her cappotential to accumulate ions of heavy metals and restructure them into
extra bendy forms (Nowicka, 2022:32). The production of nanomaterials from a
wide variety of algal substances has proven to be among the most current and
novel areas of biochemical study due to their ability to reduce metal ions (EI-
Refaey ve Salem, 2023:29). Among various algae, the most extensively studied
algae for the biosynthesis of NPs are brown, red, blue-green, blue-green, micro,
and macro-green algae (Chaudhary et al., 2020:28). Due to the antimicrobial
residences of the microalgae-derived bioactive pigments (Janarthanan and
Senthil Kumar., 2018:31), it's miles very critical to research their capacity use in
numerous packages, extra in particular inside the formation of antimicrobial
nanofiber-primarily based totally materials, for packages in textiles, food-
packaging, etc., (Martins et al., 2023:32). Due to the biosorption properties of
algae, it is possible to use them as biological biosorbents in wastewater treatment
systems (Giindogdu and Tiirk Culha, 2023:30). Water filtering applications for
the elimination of nutrients, organic contaminants, and heavy metals from
wastewater are another area in which algae are used (Karaduman et al., 2018:31;
Carlsson et al., 2007:27). Microalgae are specifically used in the production of
biofuels due to their high lipid and carbohydrate content (Karaduman et al.,
2018:31; Saad et al., 2019:33), as well as in the cultivation of aquatic organisms
like fish, crustaceans, and mollusks (Hasan and Rina, 2009:31) this is because of
their lipid content. Relevant studies on algal fibers containing different
macroalgae species are included in the review prepared by Karaduman et al.,
(2022:31).

11. Harmful Effects of Algae

The seas contain numerous single-celled algae called phytoplankton. Some of
these small organisms multiply in the water arm and cause various effects in the
ecosystem. As a result of the proliferation of these small organisms, strong toxin
production, change in water quality or reddish effects, it causes a wide range of
effects, from water color change, foam formation and fish death (death or diseases
of whales, marine mammals and other marine animals) to pollution of beaches.
In addition, it affects the larval forms as well as the adult forms of many marine
organisms, toxins can be carried through the food chain and the negative effects
on the ecosystem may extend to humans (Anderson et al., 2001:26; Aydin and
Uzar, 2009:27).

Many organisms can interact with microalgae through direct cell-cell
interaction, with microalgal toxins both secreted from the cell surface and causing
mechanical damage when infiltrated into the organism's skin and gills. Some
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diatom species, for example; Chaetoceros concavicornis, C. convolutus,
Skeletonema costatum, and Rhizosolenia chunii seta, cause death due to the
mechanical effect that weakens the respiration seen in fish and crustacean gills,
thanks to their spines and protrusions. For example; Cyanobacterial filaments or
colonies have been shown to reduce the feeding rate of cladoceres by inhibiting
their filtering movements and causing them to reject nutrients. For example; It
has been proven that saxitoxin is detected by copepods in the environment and
acts as a feeding deterrent (Aydin and Uzar, 2009:27).

Macroalgae also pose some safety risks. They may contain excessive amounts
of heavy metals such as As, Cd, Cr, Ni, V, Hg, Pb, and some anti-nutritional
factors, radioactive isotope, dioxin, pesticide, kainic acid, and lectin,
phlorotannin, phytic acid, trypsin, amylase inhibitor. For these reasons, it is
reported that caution should be exercised in passing the necessary tests on
macroalgae, especially before their use for food and feed purposes (Garcia-
Vaquero and Hayes, 2016:30; Circuncisdo et al., 2018:28; Sasa, et al., 2020:33).
On the other hand, these species can be harmful to humans and wild animals
because they have the ability to produce cyanotoxins (Riicker et al., 2007:33;
Dumlupinar, 2012:29), and they can lead to the death of any living creature that
drinks water containing these toxins. Therefore, they are species that need to be
careful (Demiriz, 2008:28). Cyanobacterial toxins are chemically divided into
two groups: cytotoxin and biotoxin. Cytotoxins damage the cell structure by
disrupting the permeability and integrity of the cell membrane, thus causing
gastrointestinal diseases (llieva et al., 2019:31). Biotoxins are physiologically
divided into three groups: neurotoxins that affect the nervous system,
hepatotoxins that affect the liver, and dermatotoxins that have an irritating effect
(Dumlupinar, 2012:29). On the other hand, it is also been reported that
cyanobacterial toxins have an anticancer effect (Zanchett and Oliveira-Filho,
2013:34) and can show cytotoxic activity against cancer cells (Guedes et al.,
2013:30; Sasa et al., 2020:33).

Conclusion

Considering the potential applications of algae, not only the promotion of
microalgae production but also the conversion of macroalgae into high value-
added products and bringing them into the economy is an issue that needs
attention. Algae, which offer new opportunities to meet the needs of sustainable
production and a developing economy, need to be integrated with
interdisciplinary approaches such as chemistry, materials science, and biomedical
engineering and used in many research areas. Considering the scarcity of usable
water, increasing pollution threatening the world, and the gradual decrease in
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food stocks, it is of great importance to make algae easily usable in many fields.
However, economic and technological challenges need to be overcome and
market concerns need to be addressed in order to reap the full benefits of these
products. One of the main barriers is the high cost associated with large-scale
cultivation of microalgae, and the focus should be on cost-effectiveness to
achieve wider market pervade.
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Chapter 5
New Frontiers In Agriculture, Forest And Water Issues

Importance Of L-Tryptophan In Crayfish Reproduction
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Introduction

Crayfish are one of the most important keystone animals in aquatic
ecosystems There are approximately 600 crayfish species, of which only 15 are
of economic importance. Therefore, they are reproduced. Their reproduction is
carried out for two main purposes. The first of these is the incubation of the
egg-laid females and the obtaining of the offspring, and the other is the growth
of these offspring until they reach the size that will be stocked into natural
waters. Along with these, there has been an increase in the number of juveniles
obtained in some species in recent years, and their efforts to grow them with
extensive stocking until they reach the market size (Ackefors and Lindgvist,
1994:58; Skurdal and Taugbol, 2002:451; Perez et al., 1997:7; Savolainen et al.,
2004:238; Yu et al.,, 2020:2; Dong et al., 2022:2; Harlioglu and Farhadi,
2022:238). On the other hand, in some countries such as France, Italy, Belgium
and Germany, production and breeding of Pontastacus leptodactylus is done by
extensively or semi-intensively methods. In parallel with these studies, studies
on feeding of crayfish were also needed and basic researches such as
preparation of feeds especially for crayfish nutritional requirements were started
(Ackefors, 1998:65; Wickins and Lee, 2002:71; Koksal, 1988:370; Dogukan et
al., 2021:570).

Although around 600 species of crayfish are found naturally in the
continents except Africa and the Antarctic continent approximately 10-15 of
these species are economically important. In addition to being an important
source of protein, being extremely tasty and expensive has caused crayfish to
become one of the luxury aquatic products and to increase the production of
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crayfish, especially in Europe and America. At the beginning of the studies
aimed at increasing the crayfish production are the efforts to protect the natural
crayfish species and increase their yield, prohibit the stocking of non-native
crayfish species and prevent disease transmission, and the reproduction of
crayfish in culture conditions (McClain, 2020:261; Li et al., 2022:2; Yeh and
Li, 2022:233).

Cannibalism is one of the most important factors affecting survival in
crayfish, especially in cultural conditions. For this reason, efforts are being
made to improve the aquaculture efficiency by increasing the survival rate by
decreasing the aggressive behaviors and cannibalism of the crayfish (Holdich et
al., 1995:47; He et al., 2021a:2; He et al., 2021b:3). These studies include L-
tryptophan, which is one of the 20 amino acids that make up proteins, added to
the diets of crayfish and other decapods, and aims to increase productivity in
aquaculture by reducing aggression in this animals (Harlioglu et al., 2014:734;
Yang et al., 2019:1008; Zhang et al., 2019:159; Hou et al., 2023:2). For this
reason, the importance of L-tryptophan in crayfish reproduction is reviewed in
the present study. In addition, the importance of L-tryptophan in the
reproduction of some other decapods (i.e., lobster, crab), which are
systematically close relatives of the crayfish, was also discussed.

In some countries where crayfish farming is carried out; attempts have been
made to reduce cannibalism by controlling some environmental factors such as
light regime, increasing the number of shelters in the environment, control of
stock intensity and size heterogeneity (Harlioglu and Farhadi 2017:3; Farhadi et
al., 2014:287). In later studies, investigations have been carried out aiming to
decrease the aggressiveness and cannibalistic properties of the crayfish
(Harlioglu et al., 2014:734).

Canmibalism In Crayfish

The cannibalistic behavior of the crayfish is an important factor that
determines its survival rate in natural and cultural conditions (Wickins and Lee
2002:16; Skurdal and Taugbol 2002:19; Harlioglu and Farhadi 2017:1990).
Although aggressiveness and cannibalism can be controlled to some extent by
arrangements such as shelter increase, nutrient abundance, stock intensity, size
gridding it is known that even under ideal conditions, the cannibalistic
characteristics of crayfish can occur (Holdich 1993:308; Lodge et al., 2000:22;
Harlioglu et al. 2014:734). Especially in the sensitive period of shell change
(molting), this feature is more evident. The newly changed shell is vulnerable to
attack because it does not harden immediately. Higher mortality rates are
reported in the juvenile stages in intensive farming trials, which leads to

92



cannibalism (Savolainen et al. 2004:338). Therefore, in the intensive culture of
crayfish, the main problem is the nature of aggressive behavior and
cannibalism. It has been researched by many investigators that juvenile deaths
at high level are due to direct cannibalism or that crayfish are the most sensitive
and that the stress of the shell change is the cause of the physiological
complication (Taugbel and Skurdal 1992:412; He et al., 2021a:2; He et al.,
2021b:2).

The cannibalistic behavior of crayfish and economically inadequate
production of individuals in separate compartments are the most important
factors affecting crayfish culture studies. It has also started to prepare pellets for
nutritional needs of crayfish. For this reason, studies on crayfish cultures today
are mainly based on the production of crayfish juveniles in controlled
conditions and on the basis of stocking these juveniles in natural environments
or in artificial ponds of different sizes and shapes (Koksal 1988:370; Perez et al.
1997:7) so that the produced juveniles are fed to the marketing size in small
pools it does not make it very economical (Wickins and Lee 2002:75).

In recent years, intensive systems have been developed that include
individual compartments designed to reduce the frequency of individual
encounter and cannibalism. However, these studies have shown that individual
compartments, not being economical, can make a difference not only in the
prevention of cannibalism but also in growth and development (Manor et al.
2002:264; Harlioglu and Farhadi, 2017:1990; McClain, 2020:261; He et al.,
2021a:2; He et al., 2021b:2).

L-Tryptophan

L-tryptophan (C11H12N2O;) is a basic essential amino acid that living
organisms can not produce by itself and a precursor of 5-hydroxytryptamine, 5-
HT. Amino acids are the building blocks of the protein that keep life alive.
Since living organisms can not produce L-tryptophan, they provide this
substance by eating L-tryptophan-containing foods or by taking L-tryptophan
supplements (Leathwood 1987:150; Nagaraju, 2011:4; Sahu et al., 2020:2412).
There is a need for vitamin B6 in order for L-tryptophan to function effectively.
Other elements that support L-tryptophan are vitamin C, vitamin B9 (folate) and
magnesium.

L-tryptophan is a vital element for neurotransmitters such as serotonin and
melatonin. Such chemical carriers carry nerves in living organisms from one
cell to another. It is known that these carriers can not perform brain functions
properly when they are not in sufficient quantity. In addition, L-tryptophan is
used to form vitamin B3, also known as Niacin. Niasin is also known to help

93



reduce depression in humans. In addition, in mammals and birds fed with L-
tryptophan-supplemented feeds, 5-HT synthesis was increased (Leathwood
1987:150; Fernstrom and Wurtman 1971:150; Denbow et al. 1993:716) and
aggressiveness was reduced (Chamberlain et al. 1987:504; Shea et al. 1991:589;
Cleare and Bond 1995:73; Savory et al. 1999:580).

The Importance Of L-Tryptophan In The Culture Of Crayfish
And Other Decapods

The relationship between amin serotonin [5-hydroxytryptamine creatinine
sulfate complex (5HT)] level and crayfish aggressiveness is very complex. It is
known that the effect of 5-HT in the nervous system varies and this effect varies
relying on the dose, period and route of administration (Teshiba et al.
2001:2524; Edwards et al. 2002:361; Panksepp et al. 2003:361; Harlioglu et al.,
2020:634). These differences most likely reflect the occurrence of multiple
receptor subtypes that are different, with respect to location, movement in the
nervous system, and pharmacology of 5-HT. The presence of different receptor
subtypes has also been supported by studies. The data obtained from replicated
receptors is important in terms of physiological and behavioral studies for the
identification of receptor subtypes in the transfer of known genetic information
in the molecular structure (Edwards et al. 2002:362; Panksepp et al. 2003:361;
Harlioglu and Farhadi, 2017:1984).

Effects of dietary tryptophan on the aggresiveness behavior, development,
and survival of juvenile crab (Scylla serrata) and crayfish (P. leptodactylus)
were investigated by Laranja et al. (2010:84) and Harlioglu et al. (2014:733),
respectively. They found that the aggressive actions of S. serrata and P.
leptodactylus was inhibited significantly, and rearing ratio (i.e., promoted
growth and low mortality ration) was enhanced significantly by raising
tryptophan levels to 1.00 % in their diets.

It was found that 5-HT reduced the desire for subordinate animals to
withdraw and increased their aggressive behavior (Peeke et al. 2000:575), but
they found no sign that exogenous 5-HT increased aggressive behavior in
juvenile lobster Homarus americanus. On the other hand, Peeke et al.
(2000:575) reported that 5-HT reduces competition for dominance and shelter
space between animals. In addition, Tierney and Mangiamele (2001:757) also
examined the effect of 5-HT injection in crayfish (Procambarus clarkii) and
observed that when 5-HT was injected at low concentrations, individuals had a
small effect on body posture and slowed down in their movements. Moreover,
in another study, a higher effect of this substance on crayfish was observed
when applied at moderate concentrations; a posture twisted in the crayfish was
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observed (Livingstone et al. 1980:76). Furthermore, when the dose is further
increased; it has been determined that there is more flexibility in the crayfish
exposed. However, it was reported that 5-HT significantly reduced aggressive
behaviors in P. clarkii (Livingstone et al. 1980:77).

Doernberg et al. (2001:91) found that continuous reduction in 5-HT levels
(5,7-DHT produced by injection of neurotoxin) leads to an increase in the time
that juvenile lobster pairs discriminate in fight. However, the same
manipulation did not cause any effect in cannibalistic behavior in crayfish
(Orconectes rusticus) (Panksepp et al. 2003:362). Panksepp et al. (2003:360)
also found that injecting 5-HT in a relatively slow fashion quickly boosted the
fight intensity, while injecting it quickly found that it increased the fight
intensity slowly. It has been reported that in crab (Carcinus maenas),
endogenous amine levels (5-HT, DA, and octopamine) alter cannibalistic
behavior and are higher in winners when compared to loser (Sneddon et al.
2000:538).

Changes in posture and behavior of some crustaceans such as lobster and
crayfish have been observed after the injection of 5-HT. This posture change
usually consists of a rising edge on the substrate with the abdomen, and the
walking legs beneath the body are twisted. However, the twisting behaviors of
amphibians Gammarus lacustris, crab C. maenas (Bevengut and Clarac,
1982:24) and Australian crayfish Cherax destructor (McRae, 1996:294) after
the injection of serotonin have been described (Helluy and Holmes, 1990:1215).
On the other hand, in some studies, aggressive behaviors increased when
exogenous 5-HT was given to the individuals. For example; in the case of
Munida quadrispina lobster, aggressive behaviors are reported to act when
exogenous 5-HT is given to individuals (Antonsen and Paul, 1997:502). In
addition, Huber et al. (1997:5939) and Huber and Delago (1998:573) reported
aggression in 5-HT injected crayfish (Astacus astacus) and lobsters (H.
americanus).

In a research on the the cheliped regeneration in a crab species (Eriocheir
sinensis) through melatonin, serotonin and dopamine supplementation to the
diet Zhang et al. (2019:1) found that L-tryptophan significantly promoted the
cheliped regeneration ratio over two weeks (P < .05). They also fopund that the
activities of digestive enzymes in the crab were enormously increased by the
inclusion of 0.53% or 0.70% L- tryptophan (P < 0.05) to the diet. Moreower, the
melatonin amount of eyestalks and muscle promoted significantly (P < 0.05) in
E. sinensis. Therefore, Zhang et al. (2019:1) concluded that dietary inclusion of
L- tryptophan may increase cheliped regeneration by governing regeneration-
related gene expression and hepatopancreatic digestion in this species, that can
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be attained by predominanting melatonin amounts and the binding of 5-HT and
dopamin to related receptors.

Yang et al (2019:1007) investigated the effect of suplementary L-tryptophan
to the diet for a month on the immune system, gut microbiota, bacterial
challenge and survival rate of the crab E. sinensis. They found that the dietary
L-tryptophan significantly increases the survival rate, abundance and
diversification of the gut microbiota. They also found that the dietary L-
tryptophan improved the immunity of this species. The results of Yang et al
(2019:1007) showed that the optimum dietary dosage is 0.47% or 0.73% L-
tryptophan supplementation. However, in another investigation, E. sinensis was
fed with the diets for 30 days containing 3.6, 4.7, 7.3 and 10.5 g L-tryptophan
/kg dry matter, respectively by Zhang et al. (2021:1602). At the end of the
experimet it was concluded that the addition of L-tryptophan to the diet of E.
sinensis is useful for growth and can considerably increase the activities of
digestive enzyme and food intake probably by interfering 5- HT and
mandatoring to its associated receptors (Zhang et al., 2021:2).

The beneficial effects of suplementary L-tryptophan on the molting
performance in juvenile shrinp Litopenaeus vannamei was also investigated for
30 days by Sun et al. (2015:235). The survival and growth rate were
significantly improved by the levels of dietary tryptophan, and the best results
were provided at 0.60 % supplementation. It was found that feed conversion
ratio was importantly reduced in the shrimp as dietary tryptophan level raised.

In addition to decapod species the effectiveness of L-tryptophan if fish
species has also been investigated in many investigations (Sahu et al.,
2020:2412). 1t was observed that many of the increased serotonergic activity in
the brain have been shown to prevent aggressive behaviors in the vertebrates.
For example, Winberg and Nilsson (1993:598) and Young (1996:314) reported
that in teleosts they inhibit aggressive behavior in the cichlid, Aequidens
pulcher and knifefish, Apteronotus leptorhynchus species injected from the
cortex of serotonin (5-hydroxytryptamine) (Munro, 1986:258; Maler and Ellis,
1987:76). On the other hand, it has been stated that dietary L-tryptophan
supplementation is effective in controlling aggression in some fish, including
some fish species important for aquaculture, such as rainbow trout (Winberg et
al., 2001:3868), grouper (Hseu et al., 2003:1) and Atlantic code fish (Hoglund
et al., 2005:525). For example, Johnston et al. (1990) found that 5-HT and 5-
HIAA (a significant metabolite of serotonin in the vertebrates) increased
rainbow trout fed to feeds containing high levels of L-tryptophophan and they
reported that the 5-HT synthesis rate may depend on the availability of L-
tryptophan. Therefore, Zhang (2018:158) stated that one of the native
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compounds, L-tryptophan, can be improved to eliminate aggressive behaviour
in aquatic animals without harmful effects.

The effects of dietary L-tryptophan (0.36%, basal diet-control group, 0.47%,
0.73% and 1.05% respectively) and melatonin for 30 days on the serum glucose
level and antioxidant capacity in the hepatopancreas of the crab E.sinensis were
determined by Xu et al. (2018:91). It was found that different the levels of L-
tryptophan did not an important effect on the amount of serum glucose, and its
level was about (4.62+0.20) mmol/L. On the other hand, 0.73% L-tryptophan
supplementation to the diet caused a significant improvement at the capacity of
as superoxide dismutase (82.86+1.07) U/mL. At the end of the experiment Xu
et al. (2018:91) concluded that 0.73% dietary L-tryptophan is able to promote
the antioxidant capacity of E. sinensis, but the reaction on the serum glucose
level are not clear.

Conclusion

In conclusion, this review indicates that there are only a few published
studies on the importance of L-tryptophan in crayfish and other decapod
crustaceans reproduction (i.e., exclusively in aggression control and mitigate
cannibalistic behavior). Investigation findings suggest that L-tryptophan,
especially in diets, has positive effects on reducing the aggression of crayfish
and other decapods, preventing mortality, and increasing the yield and
productivity of these animals by increasing brain 5-HT concentration. However,
no studies published on the effects of L-tryptophan on juvenile crayfish rearing.
Whereas, when mature crayfish are compared with shell changes (molting) once
a year, juvenile crayfish change their shells 5-7 times in their first year.
Therefore, in addition to studies on adults, more research should be conducted
on the importance of L-tryptophan in the lives of juvenile crayfish (ie,
determination of dosage and ratio to mitigate cannibalistic behavior).
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Chapter 6

Effects of Internal Exposure to Vibrio harveyi on
Histopathological Changes in

Mediterranean Mussel (Mytilus galloprovincialis Lamarck, 1819)

Berin Zeynep BALKAYA ™!
Mert GURKAN'
Ibrahim Ender KUNILI ?

Abstract

The Mediterranean mussel (Mytilus galloprovincialis) is a species distributed
along the shores of Turkey, and it holds economic importance due to its
consumption as food by humans. Additionally, this mussel is used as an indicator
organism in various biological studies because of its feeding characteristics
through filtration. Vibrio harveyi is a pathogenic bacterial species that naturally
occurs in marine environments and its quantity in water can vary depending on
climatic conditions. In this study, the effects of injecting 100 pl of V.
harveyi suspension (107 cfu/ml) into the post-adductor muscles of mussels after
24 hours were histopathologically examined in the gill and digestive gland tissues
of the mussels. No deaths were observed in the control and treatment groups at
the end of the study. Focal consolidations in the gills and dilations in vascular
diameters were observed in mussels exposed to the bacteria. In digestive gland
sections, epithelial damage, hyperplasia, hypertrophy, and an increase in the
amount of lipofuscin aggregates were detected. When all findings were evaluated
together, it was concluded that exposure to V. harveyi has adverse effects on the
health of mussels.

Keywords: Mytilus galloprovincialis, Vibrio harveyi, mussel, histology,
bacteria

Introduction

Bivalve molluscs are valuable seafood products that are increasingly in
demand all over the world due to their nutritional properties and unique flavours.
For this demand, aquaculture activities and wild fisheries are increasing every
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year. However, sustainable production of economic species is directly related to
the quality of seawater, which is shaped by physical, chemical, and biological
factors. In parallel with the global climate change, there are some changes in
seawater quality and characteristics due to the increasing seawater temperature.
These include the migration of microorganisms to different seas with favourable
temperatures and the changes in the natural seawater microflora. These changes
in the microflora of seawater in terms of numbers and species directly affect
bivalve molluscs such as mussels, which feed by filtering water non-selectively.

The natural microflora of seawater is constituted by the changing composition
of Vibrio, Pseudomonas, Acinetobacter, Moraxella, Aeromonas, Micrococcus
and Bacillus genera. Among these, Vibrio species such as V. alginolyticus, V.
anguillarum, V. furnissii, V. parahaemolyticus, V. tapetis and V. harveyi species
are widely distributed in marine environments and gaining spaces in new areas in
parallel with climate changes that are pathogens causes vibriosis in both fish and
shellfish (Yang et al., 2005; Wu et al., 1995). This pathogenicity is a major cause
of mortality in marine aquaculture animals, including molluscs (Austin and
Zhang, 2006; Travers et al., 2012). Vibriosis-related pathologies in bivalves have
been reported since the 1960s. However, these effects have increased
dramatically in recent years (Battistini et al., 2020; Kiinili et al., 2021).

Mytilus  galloprovincialis (Mediterranean mussel), which has a wide
distribution in the Mediterranean, is one the most important economic bivalve
species for Mediterranean countries. This species is not only a good bioindicator
in marine ecotoxicology (Li et al., 2012), but also frequently used in
immunological studies of marine aquaculture animals due to its sensitivity to
pathogens (Costa et al., 2009; Cellura et al., 2006). Mussels are routinely used as
bioindicators in ecotoxicological studies (Cappello et al., 2017a, 2017b;
Giannetto et al., 2015, 2017; Maisano et al., 2017) and since they feed by
filtration, they accumulate excessive amounts of bacteria in their bodies. Mussels
have an effective hormonal and cellular defence mechanism against bacterial
infection (Canesi and Pruzzo, 2016). In bivalves, bacteria such as Vibrio may
show pathogenicity directly by acting on tissues or indirectly by affecting
physiological functioning due to their difficulty in excretion by filtration (Yang
et al., 2005; Colakoglu et al., 2014). Therefore, the adversely affected
physiological performance of the organism may be change in bioaccumulation
characteristics and in some cases may even cause the death of the host. Moreover,
considering food web relationships and zoonosis potent of the bacterial agents
such as Vibrio spp., from the lower form of sea organisms to humans that
consume mussels are also potentially at risk (Travers et al., 2015).
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For this reason, it is important to identify the mortality potent of pathogens by
different ways including examination of histopathological changes and death rate
at different levels of the pathogen presence. This study was carried out on M.
galloprovincialis to investigate the effects of internal and external exposure to V.
harveyi at high concentrations. V. harveyi was the model pathogen since it was
isolated as current Vibriosis agent in Pinna nobilis (an endemic bivalve mollusc
for the Mediterranean) mass mortality event (Kiinili et al., 2021) and M.
galloprovincialis was the model host since their population decreasing along the
P, nobilis natural beds.

MATERIAL And METHODS

M. galloprovincialis samples used in the study (Fig. 1a) were obtained from a
mussel farm in Canakkale. Mussel specimens were brought to the laboratory alive
under suitable environmental conditions and adapted to the environment with 10
mussels in each glass aquarium for 5 days before the application started (Fig. 1b).
During this period, the mussels were exposed to seasonal photoperiod. A total of
60 mussels were used in the study. During the experiments, 1/3 of the seawater
in the glass aquaria was changed daily, the bottom was cleaned, and the water
was aerated routinely.

Figure 1. Animal material and experimental setup, a. M. galloprovincialis, b.
Experimental setup, c. V. harveyi injection to the mussel

Bacterial preparation

V. harveyi, which was previously isolated from Pinna nobilis and identified
by 16S rRNA gene amplification, was obtained from Dr. ibrahim Ender Kiinili
(Genbank Accession No: MW259975, MW259976). Lyophilised bacterial strains
were resuscitated in Nutrient Broth (Merck) containing 2.5% NaCl for 24 hours
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at 30°C. The recovered strains were transferred to petri dishes containing 2.5%
NaCl and Plate Count Agar (Merck) medium. The transferred petri dishes were
incubated at 30°C for 20 hours. The young cultures grown on the petri dishes
were transferred to test tubes containing 9 ml of 2.5% NaCl and peptone water.
The amount of suspended bacterial cells was adjusted to 107 cfu/ml using a
McFarland densitometer (BioSan).

Internal Exposure

The 107 cfu/ml suspension was resuspended in phosphate buffered saline
(PBS) (pH 7.4) in a lower volume (1 ml) and at the same concentration. 100 pL.
of the new suspension was injected into the adductor muscle (PAM) of mussels
(Fig. Ic). In order to distinguish the effect of PBS from the effect of bacterial
injection, only 100 uL of PBS was injected into the mussels in the control group.
Mussels were dissected at 24 h after bacterial treatment. 100 pL bacterial
suspension (107 cfu/ml) was injected into the mussels and the mortality rate at the
end of 24™ hour was determined.

Histopathological Examination

Gill and digestive glands of control and treatment group mussels were placed
in Davidson's fixative. Fixation was completed at room temperature for 24 hours.
Then, the tissues were gradually passed through ethanol series for dehydration
and embedded in paraffin block. The tissues were cut with a Leica microtome at
a thickness of 5 um. The sections were stained with Haematoxylin & Eosin
(Wilson and Gamble 2002). Histological findings were photographed using a
CX31 Olympus light microscope equipped with a digital camera using DP2-BSW
software.

Results And Discussion

The data obtained at 24 hours after the treatments were scored between 10
(very good) and 1 (very bad) for external and internal appearance, 0 (none) and 5
(too much) for histopathological changes, and the findings of other analyses were
compared by determining the values and summarised in Table 1. No mortality
was detected in the control and treatment groups.

Table 1. Level of V. harveyi, survival rate, external and internal appearance,
and histopathological changes of mussel samples according to contamination
load and treatment method after 24h.

Trial groups Examination Scoring
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(For morphological view; 10: very good 1:

r . Alive very bad, For histopathological changes; 0:
harveyi . . i
load ratio none, 5: maximum)
(cfie) (%) External Interior Histopathological
g appearance  appearance changes
Injection Control (PBS) - 100 10 9 1
107 cfu/ml injection 2i 1) o100 10 6 3

There was no change was detected in the external appearance of the mussels
in all experimental groups. In the internal appearance of the mussels, obvious
changes in tissue integrity, organ shape and colour were observed due to bacterial
exposure (Fig. 2).

3| ¢
—_

Figure 2. Mussel samples used in the experiments, a. External view of the
samples used in the experiments, b. Internal view of the control group mussel, c.
Internal view of the PBS group mussel, d. Internal view of the mussel injected
with 107 cfu/ml V. harveyi

Injection of V. harveyi into the samples decreased the examination score by 3
points compared to the control group, and 2.1x10*cfu/g bacteria were detected in
total mussel tissues in microbiological analysis results.

No significant histopathological findings were found in the gill sections of
control and PBS treated mussels. However, lamellar fusion and epithelial damage
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and enlargement of the central vein were detected in the gills of mussels treated
with V. harveyi (Fig. 3).

Figure 3. M. galloprovincialis gill sections, a. Control group, b. PBS group, c.
107 cfu/ml V. harveyi injection group, H&E, (GL: Gill lamella, ECV: Enlarged
central vein, LJ: Lamellar junction).

No significant histopathological findings were found in the digestive gland
sections of control and PBS treated mussels. However, an increase in lipofuscin
aggregate, focal haemocyte infiltrations, hypertrophy, epithelial deformations
were detected in the digestive gland sections of mussels treated with V. harveyi
in the post-adductor muscle (Fig. 4).
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Figure 4. M. galloprovincialis digestive gland sections, a. Control group, b.
PBS group, ¢. 107 cfu/ml V. harveyi injection group, H&E, (DG: Digestive gland,
ED: Epithelial deformation, LA: Lipofuscin aggregate, HI: Haemocyte
infiltration, H: Hypertrophy).

Liu et al. (2014) reported that Vibrio harveyi infection in M. galloprovincialis
is sex-specific and causes wide variety of metabolic responses. Parisi et al. (2019)
investigated the responses induced in haemolymph and posterior adductor muscle
(PAM) after bacterial infection with Vibrio splendidus in M. galloprovincialis
samples in vivo. The number of viable intra hemocyte bacteria increased after the
first hour after injection, suggesting that an intense phagocytosis occurred as a
result of this event, and 24 h clearance was observed. As a result of these
observations in the mussel, significant morphological changes in the volume of
muscle fibres were observed and muscle tissue organisation was found to improve
after 48 hours. Intensive cell cycle activity was observed in PAM after infection
with haemocyte infiltration. The results showed that haemolymph is the system
responsible for physiological adaptations to maintain homeostasis and immunity
against stressful factors such as pathogenicity in mussels.

Battistini et al. (2020) conducted microbiological, parasitological and
histological analyses of mussels (M, galloprovincialis) from the Gulf of La
Spezia in order to see more clearly how human activity and the presence of
potentially pathogenic microorganisms affect their health status. In general,
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despite the presence of pathogenic microorganisms to which the mussels were
exposed, mortality rates were not examined and histological examination did not
reveal any significant results.

Kiinili et al. (2021) examined the tissue damage and oxidative stress effects
caused by the protozoan (H. pinnae), which causes mass mortality in P. nobilis
samples and has recently been observed in the Dardanelles, as well as the deaths
observed by co-infection of V. harveyi, V. corallilyticus, V. tubiashii, V.
mediterranei, and V. hispanicus pathogens. It was reported that the integrated
infection of H. pinnae protozoon with Vibrio caused mass mortality and therefore
P. nobilis population was negatively affected.

Declines in the populations of marine bivalves and even mass mortalities of
some species distributed in the Mediterranean and the Aegean have been reported.
It is reported that there are many different reasons for these declines and mass
extinctions (climate change, anthropogenic pressure, bacterial, virus, protozoan
infection, prey-predator relationships). As stated in the literature summary; V.
harveyi infection, which may occur naturally, has the potential to cause minimum
physiological disorders and maximum mortality in mussels. In addition, there is
no study investigating the histopathological changes that may occur in the gill
and digestive gland tissues of M. galloprovincialis samples as a result of this
infection. The natural presence of the bacterium, whose histopathological effects
will be evaluated within the scope of the proposed project, in seawater increases
the risk factor significantly. There is always the potential for the density of this
bacterium to increase as a result of changes in climatic data and/or changes in
inputs in seawater. Since M. galloprovincialis, which is preferred as animal
material, is fed by filtration, it has the potential to directly accumulate bacterial
changes in water. Since this species is consumed as food by humans and has an
important role in the food web, it is thought to have a high impact potential.

Conclusion

Considering all these, we believe that the identification of the pathologies that
V. harveyi infection may cause in mussels will allow basic inferences to be made
about these global declines.
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Chapter 7

Environmental Impact Assessment Of Laying Hen Production
Systems Through Life Cycle Assessment

Biisra YAYLI*
Tlker KILIC?

1. Introduction

Egg production is easy and economical, the protein content is high, and the
fat content is low despite being an animal protein. The vast consumption area
can be consumed quickly and is offered to the consumer at a more affordable
price than other animal-derived proteins in retail sales. For these reasons, the
increasing demand for eggs has played an active role in developing the egg
poultry sector. Developments such as the widespread use of industrial egg
poultry and automation in the poultry house have also significantly accelerated
the realized production potential.

China is the largest producer of chicken eggs in the world, providing 36.4%
alone in 2021. In the same year, 6.8% was supplied by America, 7.5% by India
and 7% by Indonesia. Turkey supplies approx.1.2% of the world's egg
production with 1 243 633 tons of eggs, ranking it 10", In the world of egg
export, after the Netherlands (351 224 tons), Turkey ranks second with 221 215
tons [1]. In the first ten months of 2023, 16 million 975 thousand eggs were
produced. In the January-October period, chicken egg production increased by
4.0% compared to the same period of the previous year [2]. According to 2021
data, 121 302 869 laying hens and 4975 commercial laying hen houses in
Turkey. In the same period, 19 billion 788 million eggs were produced in the
commercial egg sector, and 239 eggs were produced per person [3]. Turkey is a
significant producer and exporter with its egg potential. Today, the technical
and technological developments in the egg industry have progressed at the same
level as in European countries. As the egg is one of the essential export products
and its consumption increases, the production potential mostly made by
intensive enterprises also increases the amount of waste to be generated.

Along with the increase in egg production, waste and emissions such as
manure, urine, and gas outputs appear in addition to the product obtained. In
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cases where these cannot be controlled within the enterprise, they affect the
employees' efficiency, animal welfare, and health. At the same time, if they
reach the environment, they cause various environmental problems. To develop
prevention and control strategies against ecological effects, it is essential first to
determine which effects they cause and their effect sizes. Life cycle assessment,
a holistic system to assess the environmental performance of products or
services, is a reliable analysis used for multiple purposes. Life cycle assessment
evaluates ecological impacts by qualitatively and quantitatively defining the use
of raw materials, energy requirements, emissions, and wastes released to the
environment throughout the life cycle of a product, process, or activity [4].

2. Environmental Effects of Laying Hens Productions

Consumption of resources and raw materials such as feed production, water,
and land use throughout the egg production process (cradle-to-grave); The coal,
fuel, and electricity consumptions used in the operating process; and the manure
and urine from chickens are the main factors causing environmental problems.
The overall environmental impacts caused by pollutants from laying poultry can
be described as follows:

Climate change: It causes climate change with the emissions of greenhouse
gases that cause global warming (especially CO2, CHa4, and N20O, which are the
most critical greenhouse gases) to the atmosphere. It is expressed in kg COo,
which is the equivalent of CH, and N2O gases, according to the emission factors
determined by the IPPC. For a 100-year timeline, methane (CH4) has an
estimated global warming potential of 27-30 times CO;, and nitrous oxide
(N20) has 273 times that of CO; [5]. The concept of carbon footprint is also an
effective method to determine the impact of a product or service on climate
change and uses these equivalences in calculations.

Energy use: In egg farming, energy use includes a significant share before
production, during the production period, and in the stages after production.
Diesel fuel use, coal use, and electricity consumption of machinery, tools, and
equipment used during production in the poultry house are evaluated in energy
use. Energy uses are usually expressed in MJ.

Water use: In the rearing of layer hens, the amount of water used to grow the
product is the stage of feed production that causes the most water consumption.
In addition, the water consumed by chickens in the poultry house and the water
used for cleaning are evaluated within the water use. The water consumed is
calculated as m®, ton, or liter. The concept of water footprint has emerged to
determine the water consumption and the extent of pollution in the water in the
formation of production or product.
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Acidification and eutrophication: The most crucial gas emission in poultry
farming originates from ammonia (NHs). NH3 gas emission causes acidification
and eutrophication [6, 7]. Acidification is the emission of gases that harm the
environment by reacting with other compounds such as sulfur dioxide (SO,),
nitrogen oxides (NOy), and ammonia (NHs3) arising from various sources in the
air and returning to the surfaces as acid rain [8, 9, 10]. In acidification, the
reference gas is expressed in terms of SO, The primary sources of
eutrophication are emissions of NOs~ (nitrate) and PO43 (phosphate) in water
and NHs (ammonia) in air. Eutrophication can measures be measured by
reference gases NO3z or PO4? equivalents.

Nitrification and denitrification: N gas in nitrogenous compounds in the air
is first converted to NH4 by bacteria and released into the soil. Bacteria in the
soil first convert NH, (ammonium) to NO- (nitrite) and then to NO; (nitrate),
and this is called nitrification. NOs leaks from the soil, leaching with surface
waters and underground drinking water, causing NOs; accumulation. The
process of reducing NO; to N gas by microorganisms is called denitrification.
NOs, gaseous by denitrification, causes environmental effects such as the
greenhouse effect, global warming, acid rain, and ozone degradation.

Land use: In general, as in all aquaculture, while most land use is realized in
feed production in laying hen farming, the operation structure established on a
specific land also causes land use. The m? equivalence is used as the reference
unit.

3. Life Cycle Assessment (LCA)

The rapid increase in consumption and the increasing population over time,
the decrease in resources, the concern of being unable to meet future needs, and
the potential environmental effects it creates have revealed the concept of life
cycle analysis in which ecological sustainability is evaluated. Life cycle
analysis is an all-purpose analysis that enables the calculation, evaluation, and
reporting of the effects, risks, and their interactions throughout the entire life
cycle of an activity or product. In various studies, the definition of life cycle
analysis has been made:

Guinee [11], stated that life cycle assessment is a generally accepted method
for evaluating the environmental impacts of a product throughout its life cycle.

According to Baumann and Arvidsson [12], life cycle assessment is a
systematic methodology that deals with the material and energy flows used in
processes such as raw material input, production, use, and waste generation
related to a product or process and their environmental impacts.
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According to Gulli [13], Life cycle assessment is a quantitative analysis that
can be used with other models to identify and evaluate potential environmental
impacts during the life cycle of a process or product, to improve production
methods, and to predict the behavior of various production cycles, including
agricultural production.

According to the International Organization for Standardization (1SO), life
cycle assessment is the collection of inputs and outputs throughout the life cycle
of a product system and the assessment of its potential environmental impacts.

The life cycle assessment methodology has been standardized with ISO
14040:2006 and ISO 14044:2006, a series of environmental management
standards created by the International Organization for Standardization [14].

The phases within which a product, service, or process's life cycle analysis
will be presented with four different approaches: 'cradle to grave,' 'cradle to
gate," ‘'cradle to cradle,’ and 'gate to gate.'

According to 1SO standards, life cycle analysis consists of four stages.
These;

- Definition of aim and scope

- Inventory analysis

- Impact assessment

- Interpretation

3.1. Definition of Aim and Scope

The first stage of life cycle analysis is defining the aim and scope. The aim
and scope of the product, service, or process to be analyzed should be clearly
stated. While LCA analysis can be applied for short-term studies, it can also be
used for long-term studies. The target public to which the research results will
be presented may vary. Factors such as working time, target audience, and
databases suitable for the study influence choosing the LCA type. The available
database is selected for the data and standards used in the study. The database
chosen may change depending on the geographical region where the study is
conducted, the content, and the purpose of the study.

The defined functional unit is taken as a basis in the life cycle assessment
while limiting the scope. A reference is an operating unit that reveals the
environmental effects of a production system or a service. Wiedemann and
McGahan [15] stated that the definition of an available unit is "a reference unit
that enables the comparison of inputs and outputs in production and different
system operations in a similar structure.” The functional unit is determined by
considering the environmental impact categories and the aim of the research.
[16, 17].
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The production or process must be limited while estimating in the life cycle
assessment. In determining the system boundaries, which stages and processes
of the life cycle of the product or service will be included, which will be
excluded, and their justifications are taken into account [18].

3.2. Life Cycle Inventory

In the inventory analysis phase, which is the third part of the life cycle
analysis, the limits and product system of the work whose purpose and scope
are determined are defined. The life cycle Inventory step includes data on raw
material inputs, resource use, energy requirements, liquid and solid waste,
atmospheric emissions, and leakage to aquatic environments. Additionally, it
aims to collect qualitative and quantitative data, to express the product outputs
as a result of production numerically, to obtain and evaluate all the data-related
data, and to determine the calculation procedures. The inventory phase of the
life cycle is the primary phase for analyzing the method. The data's details,
accuracy, and consistency directly affect the accuracy of the results in
determining the impact categories and the results for the future stages. In the
ISO-14044:2006 standard, the formation steps of inventory analysis are
specified as obtaining the data, calculating the data, and distributing the data
(allocation) (Figure 1).

3.2.1. Obtaining Data

Data collection is the most challenging and long-time phase of life cycle
analysis. Qualitative or quantitative data collected, measured, calculated, or
estimated for each process of inputs and outputs at the working system
boundaries are obtained. Local or global sources are used if data cannot be
accepted or reached. The main headings in which the data can be classified can
be listed as follows:

- energy inputs, raw material inputs, auxiliary inputs, and other physical

inputs

- products, by-products and wastes

- air, water, and soil emissions

- other environmental degradations

Allocation includes
r===-=-== reuse and recycling

Associating
the unit
process with
data

Confirmation
of data

Data
collection

Preparation
to obtain data

Aim and scope
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Figure 2. Flow chart of life cycle inventory assessment

3.2.2. Calculation of Data

At this stage of the inventory analysis, the calculation methods should be
clearly stated, and the same calculation procedures should be applied
consistently throughout the study. Data needs to be validated to ensure data
quality in computation. Validation of data is related to being consistent with
each other and making comparative analysis. Calculations of inputs and outputs
should be made by creating flow charts in unit processes, considering the
study's unit function. Based on its purpose, system boundaries can be revised
according to the sensitivity analysis of essential inputs and outputs in processing
data obtained in life cycle analysis.

3.2.3. Allocation

This stage includes data distribution to the relevant processes. Distribution
should be avoided if the unit process is split into two or more sub-stages, by-
products are produced, and the production process is expanding. Suppose data
allocation cannot be avoided in the production process. In that case, it must be
distributed in a way that reflects the fundamental physical relationship between
different products or functions. If the physical connection between the
development or processes cannot be established in the distribution, it is done by
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decoupling it with other relationships. For example, the economic value of the
products is allocated among the by-products in proportion.

3.3. Life Cycle Impact Assessment

As stated in 1SO [14], since life cycle assessment is a relative approach
based on unit function, it differs from other techniques such as environmental
performance assessment, environmental impact assessment, and risk assessment
in this respect. At this stage of the life cycle analysis, the potential effects of the
inventory data collected for system inputs (raw material, energy, water, and
resource uses) and system outputs (product, waste, by-products) on humans and
ecology are evaluated. There are some compulsory and optional elements to
carry out an impact assessment. Required factors include defining impact
categories and category indicators, impact classification (classification), and
characterization.

3.3.1. Identification of impact categories and indicators

In the life cycle assessment, impact categories indicate environmental
problems (climate change, acidification, eutrophication) related to the
production system or process examined to reflect the purpose and scope of the
work done (Table 1). Each impact category has a specific environmental
mechanism, and impact indicators vary according to the types defined within
these ecological mechanisms.

Table 1. Environmental Impact Categories and Units

Impact Category Unit
Climate Change kg COz2eq
Ozone Depletion kg CFC-11eq
Terrestrial Acidification kg SOz eq
Freshwater Eutrophication kg P eq
Marine Eutrophication kg N eq
Human Toxicity kg 1,4-DB eq
Photochemical Oxidation Formation kg NMVOC
Particulate Matter Formation kg PM10 eq
Terrestrial Ecotoxicity kg 1,4-DB eq
Freshwater Ecotoxicity kg 1,4-DB eq
Marine Ecotoxicity kg 1,4-DB eq
lonizing Radiation kBqg U235 eq
Agricultural Land Use m?a




Urban Area Use m2a

Natural Area Transformation m?2
Water Consumption m?3
Metal Consumption kg FE eq
Fossil Consumption kg oil eq

3.3.2. Impact classification

Classifications are grouped by associating the determined impact categories
and indicators with the data collected during the life cycle inventory analysis.
For example, SO, (sulfur dioxide) gas emissions cause acidification. Therefore,
SO:; is classified in the acidification effect category.

3.3.3. Characterization

Whichever data obtained in the inventory analysis contributes to the same
impact category, these data are multiplied by specific coefficients and converted
into a standard unit, revealing the total impact of that impact category. The
characterization stage enables comparison between inventories within the same
impact category. E.g., CO,, CH4, and N,O are the most important greenhouse
gases that cause climate change. Calculating the effects of these gases on
climate change in kg CO, equivalents over the standard unit characterizes their
impact on climate change.

After the compulsory stages in the life cycle impact assessment are carried
out, optional steps can also be carried out within the scope of the study on the
inventory data. These stages are normalization, grouping, weighting, and data
quality analysis [14].

3.3.4. Normalization

An inventory analysis tool eliminates the units by dividing the impact
indicators by a selected reference value and comparing them between different
impact categories [19]. For the reference to be determined, reference values
such as the sum of inputs and outputs for a specific area globally, regionally,
nationally, or locally, the sum of inputs and outputs per capita for one particular
area, and the information and outcomes of the alternative scenario presented to
the product system can be selected.

3.3.5. Grouping

Impact categories within the defined purpose and scope of the work are
assigned to one or more predefined groups. The grouping stage provides ease of
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interpretation and evaluation of impact categories for studies to be carried out in
certain areas. For example, when examining the chemicals of a service that
cause environmental pollution in the aquatic environment, grouping them as
water emissions provides ease of monitoring and evaluating the impact
category.

3.3.6. Weighting

At this stage of the life cycle analysis, different impact categories are graded
according to their values using numerical values. Weighting the impact
categories with the weighting process reveals which class has a more significant
impact. The same indicators or normalized indicator results can differ
depending on the country, region, organization, or society where the weighting
process is performed.

3.3.7. Data quality analysis

Additional information and techniques may be needed to understand better
and demonstrate the importance, uncertainty, and sensitivity of inventory
analysis results. Different analyses are used to reveal the accuracy of the data to
carry out the purpose and scope of life cycle analysis. Gravity Analysis is
applied to identify the data that contributes the most to the result. Uncertainty
Analysis is applied to reveal uncertainties in data and calculations. Sensitivity
Analysis is used to decide how changes in data and methodological choices
affect the inventory results.

3.4. Life Cycle Interpretation

Interpretation is the final stage of life cycle analysis. The data, findings, and
results obtained in the inventory analysis and impact assessment step are
evaluated by the purpose and scope of the study and suggestions presented.
Regarding the purpose of the study, interpretations should be made using the
definitions of system functions, functional units, and system boundaries, using
the data obtained and within the limitations determined by sensitivity analysis.
There are some points to be considered in the interpretation phase of an LCA
study [14]:

* According to the findings obtained from the inventory analysis and impact
assessment phase, it is necessary to determine and emphasize the critical issues
that affect the study.

* The evaluation should involve the subject and ensure the results are
sensitive and consistent.
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* In the interpretation phase, the final work should be concluded, and the
precautions and limitations that can be taken for the current situation should be
put forward.

4. Standardization of Life Cycle Assessment

The environmental concept of life cycle assessment (LCA) was developed
from the idea of a detailed environmental assessment of products in Europe and
the USA in the late 1960s and early 1970s [20]. The Society of Environmental
Toxicology and Chemistry (SETAC) published the first guideline for life cycle
assessment in 1993, describing the procedures for life cycle assessment. In the
international standards developed and accepted in the late 1990s,
recommendations and requirements were put forward for various
methodological issues that should have been included in the directive published
by SETAC [21].

Another organization working on life cycle analysis is UNEP (United
Nations Environment Development). In 1996, a guiding guide was published
titled "Life Cycle Assessment: What it is, and what to do about it." SETAC and
UNEP are currently working in collaboration with the Lifecycle Initiative. This
cooperation ensures that the public interest is a scientifically provided global
forum by establishing a consensus (governments, companies, scientific
organizations, and non-governmental organizations).

The first national standard on life cycle assessment was established by ISO
on May 15, 1997, with the title "1SO-14040: Environmental management - Life
cycle assessment - Principles and framework”. This standard explains the
general framework, principles, and requirements for carrying out and reporting
life cycle assessment studies and specifies relevant definitions. However, this
published standard needs to mention a detailed structuring of the life cycle
assessment. To under-definition the methodology and eliminate the
deficiencies, new standards were established that clarified the stages of the
lifecycle review.

These standards are "ISO 14041:1998 Environmental management - Life
cycle assessment - Goal and scope definition and inventory analysis”, "ISO
14042:2000 Environmental management - Life cycle assessment - Life cycle
impact assessment”, and "ISO 14043:2000 Environmental management - Life
ISO 14040 standard has been developed by creating "cycle assessment - Life
cycle interpretation™ titles. 1ISO 14041, 1SO 14042, and 1SO 14043 standards
were cancelled in 2007. It was revised as "ISO 14040:2006 Environmental
management - Life cycle assessment - Principles and framework™ in 2007 and
the standards titled "ISO 14044:2006 Environmental management — Life cycle
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assessment — Requirements and guidelines" entered into force as the last
standard published up to date. In the year 2018, the standard ISO 14044
Environmental Management - life cycle assessment - requirements and
guidelines - Amendment 1", and by 2020, "Environmental Management-life
cycle assessment - requirements and guidelines - Amendment 2" headers with
improvements have been made, but yet are not provided with free access. It is
applied based on ISO 14040 and 14044 standards in every study on life cycle
assessment conducted nationally or internationally. Other 1SO standards that
can help in the life cycle analysis and the standards published by the Turkish
Standards Institute (TSE) based on the ISO 14040 standard are given in Table 2.

Table 2. ISO and TSE standards related to life cycle assessment

Current
Standards Status
ISO 14040:1997 Environmental managament — Life cycle assessment — Principles Withdrawn
and framework
ISO 14041:1998 Environmental management - Life cycle assessment - Goal and .
- . . Withdrawn
scope definition and inventory analysis
_ISO 14042:2000 Environmental management - Life cycle assessment - Life cycle Withdrawn
impact assessment
_ISO 14043:2000 Environmental management - Life cycle assessment-Life cycle Withdrawn
interpretation
ISO/TR 14049:2000 Environmental management-Life cycle assessment- Examples .
- L . . Withdrawn
of application of ISO 14041 to goal and scope definition and inventory analysis
ISO 14040: 2006 Environmental management - Life cycle assessment - Principles
Current
and framework
1SO 14044:2006 Environmental management - Life cycle assessment - Current
Requirements and guidelines
I1SO 14044:2006 / Amd 1: 2017 Environmental management — Life cycle
. - Current
assessment — Requirements and guidelines — Amendment 1
ISO 14044:2006 / Amd 2: 2020 Environmental management — Life cycle
. - Current
assessment — Requirements and guidelines — Amendment 2
ISO 14045:2012 Environmental management - Eco-efficiency assessment of Current
product systems -Principles, requirements and guidelines
ISO/TR 14047:2012 Environmental management- Life cycle assessment-
. . S Current
Ilustrative examples on how to apply 1SO 14044 to impact assessment situations
ISO/TS 14048:2002 Environmental management -- Life cycle assessment -- Data Current
documentation format
ISO 14049:2012 Environmental management - Life cycle assessment - lllustrative
examples on how to apply 1SO 14044 to goal and scope definition and inventory Current
analysis
TS EN ISO 14041:2003 Environmental management- Life cycle assesment- Goal .
L - . Withdrawn
and scope definition and inventor analysis
TS EN ISO 14042:2002 Environmental management- Life cycle assessment- Life Withdrawn
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cycle impact assessment

TS EN ISO 14043:2003 Environmental management - Life cycle assessment - Life

. . Withdrawn
cycle interpretation

TS EN ISO 14040:2007 Environmental management — Life cycle assessment —

L Current
Principles and framework

TS EN ISO 14044/A1: Environmental management — Life cycle assessment —
Requirements and guidance-Amendment 1 Current

TS EN ISO 14044/A2: Environmental management - Life cycle assessment -

. -~ Current
Requirements and guidelines - Amendment 2

5. Life Cycle Analysis (LCA) Software
There is a lot of computer software used in life cycle assessment studies. The
most widely used software is Simapro and GaBi.

5.1. SimaPro Software

SimaPro software was developed in 1990 by PRe Consulting, a Dutch
company. This software makes a comprehensive environmental assessment of
products or services, and their environmental performance is evaluated.
SimaPro provides the determination and definition of the sustainability targets
of the products or services for which their ecological performance is
determined, as well as sustainable product development and analysis. It is
software widely used in over 80 countries by many international and local
industrial organizations, consultancy companies, academia, and research centers
such as Unilever, Heineken, and BASF [22] SimaPro software has an integrated
structure of various databases and various applications for impact assessment
analysis. These evaluations are as follows [23]:

Monitoring corporate and product sustainability performance

Carbon footprint assessment

Water footprint assessment

Product design and eco-design

Environmental product declaration

Environmental reporting

Determination of key performance indicators

Simapro has a rich library with international databases in computer software.
New databases can be included as versions are updated. Simapro contains
various databases:

Agri-footprint

Ecoinvent

European and Danish Input/Output database

Industry data library: PlasticsEurope, ERASM, World Steel
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US Life Cycle Inventory database
AGRIBALYSE

Environmental Footprint database
EXIOBASE

Quantis World Food LCA Database
DATASMART LCI package

ESU World Food LCA database
IDEA Japanese Inventory database
Social hotspots database

WEEE LCI database

5.2. GaBi Software

GaBi, another software used for life cycle analysis, was developed by the
German company Thinkstep firm. The life cycle inventory data of the GaBi
program, which has been used for more than 25 years, is produced by ISO
14044, 1SO 14064, and I1SO 14025 standards. It offers alternative scenarios by
evaluating the effects on the environment to determine the production, waste,
distribution, and recycling stages of a product or system and its sustainability
from the perspective of the life cycle. The GaBi program covers automotive,
building and construction, chemicals and petroleum, consumer products,
education, electronics, food and agriculture, food and beverage, textiles, and
energy; it is applied in many industrial areas [24].

5.3. Umberto Software

Umberto life cycle assessment software developed by the German company
IFU Hamburg. Umberto is an all-purpose software with resource efficiency and
process optimization that enables the calculation of life cycle analysis. With this
software, the LCA analysis provides the most comprehensive integrated cost
analysis to increase environmental effectiveness and reveal the climatic effects
by determining the CO, balance of products or companies by calculating the
environmental impacts throughout the product’s life cycle [25].

5.4. OpenLCA Software

OpenLCA, another life cycle analysis program, is a free and open-access
LCA software that emerged in 2006 due to discussions by Andreas Ciroth,
Michael Srocka, and Jutta Hildenbrand. It has been managed by a company
named GreenDelta, located in Berlin, since its inception [26].

126



6. LCA studies on Egg Production

Studies on LCA predict the potential environmental impacts of the egg
production process and integrate improvement and control methods into the
process. Inputs such as feed, electricity and water consumption, and land use
were considered in the LCA application in egg production. Feed production,
laying hen activities, manure management, transportation, and retailing
processes have significantly benefited LCA-applied egg production systems
[27, 28, 29, 30, 31]. When the studies are examined, the feed production process
is where the most emissions originate in egg production. Climate change is the
hotspot among environmental problems in the egg production process.

De Vries and De Boer [32], examined the production of chicken, beef, eggs,
milk, and pig meat to compare the environmental impacts of different livestock
farms in their study. They stated that the differences between ecological effects
were affected by feed efficiency, enteric CH4 emission rates in monogastric and
ruminant animals, and reproduction rates. The study shows that egg production
generally causes less environmental impact than other livestock.

Dekker et al. [33], conducted a study in the Netherlands to compare the
ecological effects per 1 kg of eggs produced using life cycle assessment
between single and multi-layer cage systems, free-range systems, and organic
systems. It has been determined that global warming potential, energy use,
phosphorus use, nitrogen, and phosphorus supplements have the lowest
environmental impact in free-range systems and organic farming systems. Land
use, nitrogen, and phosphorus deficiency were the weakest in battery cage
systems. It was shown that the system in which acidification has the most minor
effect was multi-layer battery cage systems.

Leinonen et al. [34], in a study they conducted in England, evaluated the
environmental effects of 1 kilogram of egg with life cycle analysis from four
different egg production systems: battery cage systems, free-run systems, free-
range systems, and organic systems. As a result of the study, the number of
chickens required for 1 kg egg production is the highest in organic production
systems and the lowest in battery cage systems. Similarly, the feed consumption
per chicken was highest in organic production systems and lowest in caged
systems. It is stated that these general differences in production also affect the
differences in environmental effects between systems. Feed production,
processing, and transportation account for 54-75% of energy use and 64-72% of
the global warming potential of systems. While electricity consumption
(ventilation, automatic feeding, and lighting) creates the second most significant
impact on energy use, gas and fuel use constitute 7-14% of the total energy use.
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It has been stated that the most critical contributor to acidification and
eutrophication potential are caused by manure.

Pelletier et al. [28], in a study conducted in the Midwestern United States,
determined the carbon footprint by evaluating greenhouse gas emissions along
the intensive egg production and supply chain with life cycle analysis.
According to the study results, feed production and use significantly contributed
to the supply process emissions. They stated that feed production constitutes the
largest share of emissions in egg production.

The potential environmental impacts of a laying hen farm in Bursa were
evaluated by Kilic and Karaman [35], through life cycle analysis. The study
obtained 3.3 kg/day of feed and 3.52 kg of water consumed per viol egg
produced, 1.08 m? of land use, and 2.64 kg of manure was released. As a result
of the study, they concluded that the gas that contributes the most to
acidification and eutrophication is NHs, and the gas that contributes the most to
global warming is CHa.

In a study in Iran, Ghasempour and Ahmadi [31], examined the
environmental effects of 1 kg egg production from 1000 chicks for 420 days. As
a result of the analysis, it has been determined that the energy input for 1 kg egg
production is 30/09 MJ and 4/07 kg CO; equivalent, creating a global warming
potential, and the information that causes the environmental impact is from the
feed.

In a study by Pelletier [36], five laying hen breeding systems (battery cage
system, enriched cage system, free-range system, free-run system, and organic
system) operating in Canada were applied in egg production and their
environmental effects on the life cycle. Compared with the analysis. As a result
of the data and evaluations obtained in the life cycle inventory and impact
assessment stages, non-organic systems showed very similar environmental
performance. It has been observed that the use of resources and emissions in
organic egg production are lower in organic farming systems compared to other
systems.

Abin et al. [37], conducted a study in Spain that determined the
environmental effects of an intensive farm with 55.000 laying hens through life
cycle analysis using the Simapro program. According to the study's results, the
most severe environmental impact was natural area transformation, followed by
terrestrial toxicity and aquatic ecotoxicity. While feed production is the most
important source of adverse environmental effects, the exchange process of
newly arrived chickens and old ones creates less impact. They stated that its
contribution to reducing the environmental impacts of urban land use and metal
consumption resulting from the change of laying hens is remarkable.
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Estrada-Gonzalez et al. [38], focused on an eco-efficient approach to life
cycle analysis with a door-to-door approach in a semi-technological egg
production farm. The study revealed 5.58 kg CO2/kg of egg emission per egg
produced, indicating that the climate change category is a hotspot in egg
production. They stated that implementing an eco-efficient plan focusing on
energy use could result in a 49.5% reduction in total energy consumption and a
56.3% savings in environmental impacts.

7. Conclusion

Considering the world's population growth rate and our country, the need for
protein from animal products will increase, and a deficit will occur. In order to
close this gap, there will be an increase in industrial enterprises that produce
more eggs per unit area. This change in cultivation systems also brings
environmental effects. In order to achieve sustainable production,
environmental impacts must be predicted, and necessary precautions must be
taken. When the studies in the literature are examined, it has been seen that the
environmental effects of egg poultry production systems can be predicted
successfully. Therefore, as a result of the study, it was concluded that the life
cycle assessment method is beneficial in determining the environmental impacts
of egg poultry production systems.
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Chapter 8

ENVIRONMENTAL BIOTECHNOLOGY PROCESSES IN THE
TREATMENT OF LIVESTOCK WASTES

Biisra YAYLI!
Ilker KILIC?

1. Introduction

Organic wastes generated from various activities are thrown into the
environment, stored, incinerated, or used inefficiently without an effective
transformation process. As a result, waste cannot be thoroughly degraded and
threatens the environment, ecosystem, and human health, although it has an
essential place in national economies. Uncontrolled storage and decomposition
of waste lead to the formation of gases such as CH, and CO2, which are harmful
to human health; odor, flies, and pathogens are formed, and the hygiene
conditions of the environment deteriorate. Nitrate accumulation resulting from
decomposition can cause deterioration of soil structure and microbiology and
pose a threat to humans and other living things through vegetable and fruit
consumption and drinking water as a result of nitrate mixing with surface and
groundwater [1, 2].

Due to the increase in the world population, the livestock sector has grown
and caused the accumulation and formation of animal waste that causes
environmental pollution in developed and developing countries. These wastes
are very harmful to the environment and difficult to dispose of. In recent years,
environmental waste caused by livestock and animal waste has become one of
the most critical environmental problems. Manure, wet organic, and animal
wastes are non-resident pollution sources from the livestock industry. It reaches
surface waters or groundwater, deteriorating the water quality and making it
unusable [3].

Livestock industry waste can also be used in fertilizer and feed production
areas. Thus, the evaluation of wastes in the livestock industry both reduces
environmental pollution and ensures economic recovery of these wastes.
However, applying waste directly to agricultural fields or streams without any
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fermentation process negatively affects the product productivity of the soil as
well as environmental pollution [3].

Nitrate accumulation resulting from decomposition can cause deterioration
of soil structure and microbiology and threaten humans and other living things
through vegetable and fruit consumption and drinking water due to nitrate
mixing with surface and groundwater. Biotechnological methods find an
essential area of use in the evaluation and elimination of wastes at the point of
environmental protection.

Biotechnology has recently enabled modern tools and approaches in various
fields such as agriculture, food, healthcare, and environmental protection.
Suppose there is not a very serious pollution burden in treating hazardous
wastes and controlling pollution. In that case, applying environmental
biotechnology techniques using living organisms can offer solutions. This paper
examines environmental biotechnological applications that can be applied in
evaluating, removing, and treating farm animal manure.

2. Uses Areas of Environmental Biotechnology in Livestock
Wastes Treatment

2.1. Treatment of wastes

Excessive nutrient accumulation occurs in soils where unreasonable or
excessive fertilizer is applied. This situation causes heavy metal pollution in the
ground, creating a toxic effect on living things in the ecosystem. At the same
time, it disrupts the soil's flora and affects the soil's biological and biochemical
reactions. Thanks to bioremediation methods, highly toxic pollutants are
transformed into less harmful forms thanks to the metabolic activities of
microbes (such as transformation, mineralization, and immobilization) [4].
Bioremediation is a process that includes the capacity to clean the environment
by removing pollutants in water and soil through degradation, detoxification,
and retention by macro and microorganisms such as plants, bacteria,
earthworms, and fungi [5]. Bioremediation is a more permanent method
because pollutants do not transform from one phase to another but are changed
into harmless end products such as carbon dioxide and water through biological
activities.

In bioremediation methods, two approaches, in-situ and ex-situ, are based on
transporting or removing wastes to a different location for pollutant removal. In
in-situ application, the contaminated material is cleaned on-site. Bioventing,
biostimulation, biodegradation, biosparging, and bio-augmentation are in-situ
methods. In the ex-situ process, pollutant removal is carried out by physically
removing the contaminated material from its location. Land farming,
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composting, bioreactors, and soil biopiles are examples of ex-situ
bioremediation methods. The ex-situ bioremediation method, the remediation
technologies that cannot be applied in the soil environment, gives faster and
more effective results than the in-situ method [6].

The bioremediation method is called phytoremediation if plants are used to
remove pollutants in soil and water. If plants are used to remove heavy metals
from the soil with the phytoremediation method, the plants must be removed
from the soil. Plants and macro and micro creatures are used in bioremediation
applications. In the studies conducted, it is thought to be a valuable alternative
for the treatment of heavy metal pollution in the soil, with its features such as
accumulating heavy metals in the tissues of earthworms, contributing to the
development of plants by increasing plant nutritional elements in the soil,
providing aeration of the soil and supporting microbial activity [7]. However,
there needs to be more information on how and by which methods the heavy
metals in earthworms can be removed from the soil since heavy metals in their
bodies can be mixed back into the soil after they die. There is a need for further
research on this subject.

Microorganisms are also used in the bioremediation method.
Microorganisms are transferred to the soil, and conditions are controlled to
optimize their metabolic activity and growth. Environmental factors such as
temperature, pH, and inorganic nutrients such as nitrogen and phosphorus are
modified for optimization. With another method, by looking at the
microorganismic structure of the soil, microorganisms transfer nutrients to the
area where waste is in the soil. Thus, microorganisms existing in the soil are
activated. Creatures such as fungi and bacteria are also microorganisms used in
bioremediation. Thanks to mycelial structure and fungal enzymatic systems,
fungi are more suitable for the bioremediation method. Thanks to their
biochemical capacities and morphologies, fungi play an essential role as
decomposers, including organisms in soil and water [8].

In cases of excessive pollutant loads, natural microorganisms may be unable
to clean pollutants. In such cases, studies are being conducted on genetically
modified microorganisms (GEMs).

2.2. Biyoenergy Products From Livestock Wastes

2.2.1. Biomass

The world's most important energy source is oil, but as oil reserves gradually
decrease, alternative energy sources have become even more critical. Biomass is
all organic materials of plant and animal origin that are not fossils. Biomass
energy is obtained from all natural materials of animal and plant origin, the
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main components of which are carbohydrate compounds. Biomass production
from animal waste can be converted into liquid and gaseous fuels due to
biotransformation processes, and it can also be used for heating and electricity
generation. An economic study of the energy that can be obtained should be
conducted when agricultural biomass resources are characterized to determine
their chemical and physical properties. If the feasibility and operation of the
process are economical, biofuel can be produced by applying thermochemical
methods to agricultural biomass. If the techno-economic evaluation is not
applicable due to the examination, it can be used in applications such as
compost, animal feed, soil improver, and natural fertilizer [9].

In addition, minimizing gas emissions from animal waste, pathogens,
microorganisms associated with waste, and odor supports its conversion into
useful energy sources and helps reduce environmental impacts. It will be
achieved by increasing the energy production from biomass by applying
advanced technologies to convert electricity, liquid, gas, or unprocessed solid
fuels from raw biomass into suitable energy carriers [10].

As the number and weight of animals increase, the amount of waste
generated also increases, which is related to the biomass energy potential. Since
biomass resources of animal origin are generally rich in CH4 and CO,, biogas
production involving anaerobic digestion is prioritized. The products resulting
from biogas production are also converted and used for electricity and heat
generation, as valuable fertilizer, and even as biofuel.

Physical, biochemical, and thermochemical processes can be used in
biomass conversion processes. Physical methods such as grinding, drying,
pelletizing, and accumulation can be applied in bioconversion [11]. Applying
physical techniques before thermochemical or biochemical processes increases
the applicability of biomass.

Thermochemical conversion processes to convert biomass into products are
gasification, pyrolysis, and combustion. The most commonly used chemical
processes in biomass conversion are combustion, gasification, pyrolysis,
fermentation, and transesterification [12].

The combustion process is applied to convert the chemical energy in
biomass into mechanical, electrical, or heat energy. Materials with more than
50% moisture content are not preferred because they must be dried before
combustion. Especially since the moisture content of animal manure is usually
more than 50%, the combustion process is not applied. It is also undesirable
because it creates problems in terms of low energy efficiency and air pollution.

The gasification process is applied to obtain gas from carbon-containing
materials to produce fuel. It is carried out by heating the biomass in the
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anaerobic environment at 700-1000°C. With the gasification technique from
biomass, a gaseous fuel can be obtained with a high efficiency to be used in oil-
fired turbines that provide power and heat. Using gas fuel obtained by
gasification of biomass can be expanded by making small arrangements in
places where natural gas is used [13].

Pyrolysis of biomass is a thermochemical process carried out in the absence
of oxygen and at high temperatures to break down organic molecules to obtain
gas. The classical working range of pyrolysis is between 300-600°C. It can be
realized in 3 ways according to the change of these temperatures and heating
rates: slow, fast, and flash. The most well-known pyrolysis process is biochar
production, which is realized by slow pyrolysis. The main objective of fast
pyrolysis is to obtain a high amount of liquid from biomass. Flash pyrolysis
occurs at very high temperatures within milliseconds compared to other
pyrolysis types.

Bioethanol and biogas are produced as a result of the fermentation of
biomass in an oxygen-free environment. Since the transesterification process
produces biodiesel from biomass, this process is examined under biofuel.

2.2.2. Biogas

Biogas, a clean energy source, is obtained due to the anaerobic treatment of
some specially grown plants, agricultural, and organic wastes, especially animal
manure, with suitable bacteria [2]. In parallel with the interest in energy
recovery from waste, interest in anaerobic biotechnology has also increased.
Biogas production is the breakdown of organic substances containing
biodegradable substances under anaerobic conditions by successive multistage
reactions [14]. Biogas applications, which have significant advantages,
especially in regions with intensive agricultural production, attract considerable
interest in agriculture waste management worldwide due to their environmental
and economic benefits. After biogas production in biogas plants, the remaining
organic wastes can be used in agriculture as high-quality fertilizer by
composting [15].

Biogas production is based on the formation of methane gas (CHa4) and
carbon dioxide (COy) as the end product as a result of the breakdown of organic
matter [16]. One m® of biogas provides a heat value in the range of 4700-5700
kcal and has the equivalent of 0.62 liters of kerosene, 1.46 kg of charcoal, 3.47
kg of wood, 0.43 kg of butane gas, 12.3 kg of dung and 4.70 kWh of electrical
energy [17].

Biogas production factors include temperature, pH, organic matter loading
rate, MRS (microorganism retention time), C/N, toxicity, and hydraulic feeding
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time [18]. Depending on the operating temperature in biogas plants, the
hydraulic waiting time varies between 20 and 120 days. The C/N ratio in wastes
producing biogas from animal manure varies between 15/1 and 30/1. If the C/N
ratio provides 15/1 to 30/1, there is no need to adjust the livestock manure
separately. C/N calculations are always based on dry matter. The optimum C/N
ratio can be achieved by mixing different organic substances. Mineral ions,
heavy metals, and detergents have a toxic effect by inhibiting the growth of
microorganisms in anaerobic treatment. While small amounts of mineral ions
(sodium, potassium, calcium, magnesium, ammonium, and sulfur) improve the
growth of bacteria, heavy metals create a toxic effect [18].

Biogas production occurs in 3 stages: Fermentation and hydrolysis, acetic
acid formation, and methane formation (Figure 1). During the fermentation and
hydrolysis phase, the first phase of biogas production, bacterial groups called
fermentation and hydrolysis bacteria break down carbohydrates, proteins, and
fats, the three essential elements of organic matter. Organic substances
transform into CO., acetic acid, and soluble volatile organic substances. Since
most volatile organic substances in the last group are volatile fatty acids, this
stage is called the formation phase of volatile fatty acids. In the acetic acid
formation stage, acetogenic (acid-forming) bacterial groups, which are released
as a result of the first stage and convert volatile fatty acids into acetic acid, are
activated, and some acetogenic bacteria convert volatile fatty acids into acetic
acid and hydrogen. Another group of acetogenic bacteria uses the released
carbon dioxide and hydrogen to form acetic acid. However, the acetic acid
formed this way is less than the first pathway. In the methane formation stage,
methane-forming bacteria use CO; and H; to produce methane (CH4) and water
(H20). In contrast, another group of methane-forming bacteria uses the acetic
acid released from the second stage to produce CH4 and CO,. Of all the methane
produced, 30 percent is made in the first pathway and 70 percent in the second.

I. phase Il. phase I11. phase
Bacterial Hy, COy, B ol
o acetic acid acteria
Organic waste, ! .
carbohydrates, H Bacterial
fat, protein '
Propionic acid, H
butyric acid, CC§’
various alcohols i 2
and other acetic
compounds

139



Fermentative Bacteria Acetogenic Bacteria
Methanogenic Bacteria
Figure 1. Biogas production stages [3]

Qi et al. [19], examined a biogas system in Northern China where pig
manure and vegetable waste were used together and found that there was a
decrease in the emissions of air pollutants such as HS, SO,, NO,, NH3, CO, and
C2H4 released into the atmosphere with the use of the system, and also that
manure and vegetable waste were released into the atmosphere. It has been
determined that harmonious service provides a 32.4% increase in efficiency.

White et al. [20], conducted a study on a small-scale biogas system in cattle
farms in Ontario. They found that the system could produce 120 MW of
electricity and that changes in the feedstock used in biogas production affected
the biogas yield between 10-80%.

In the study conducted by Kurt [15], the animal fertilizer production results
of Diizce province were examined, and the annual animal manure production
amount was 369,421.188 tons, the biomass calorific value was 10,266.95 TEP
(ton equivalent oil), the biogas amount was 10,323,786 m?, and the biomass and
bioenergy potential. It has been determined that research and development
studies on energy production from biomass should be disseminated, and
technological designs should be made.

2.2.3. Composting

The composting process is the biological decomposition of organic materials
under aerobic or anaerobic conditions into CO- and H,O together with a humus-
like substance that is harmless to health [21, 22]. The compost material should
have high biodegradability and organic matter content, contain ideal
concentrations of trace nutrients that plants can benefit from, and be free from
harmful substances. The moisture content of the compost produced should be
65%, nitrogen content should be 1.8-2%, and pH value should be around 7.
Since the organic matter in the compost increases the soil's maximum water-
holding capacity, it prevents soil erosion by ensuring that the earth absorbs
water in high amounts of rainfall [22]. The composting process aims to convert
biodegradable organic materials into stable end products and reduce waste
volume, eliminating undesirable organisms such as pathogens and fly eggs that
may be present in solid waste, eliminating existing or potential odor problems,
maintaining maximum macronutrient (N, P, K) and micronutrient (Zn) content,
obtain products that have fertilizer value and can be used as soil conditioners
[23].
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Different methods are applied in composting, windrow composting,
passively aerated piles, aerated static piles, and composting in reactors.
Composting is faster than mixing the heap because the composting process is
faster when plenty of air reaches the microorganisms. During composting in
reactors, it should be ensured that the raw material continues to be in contact
with oxygen. The most essential difference between open field and bioreactor
composting is the use of enzymes in bioreactors. The most important advantage
of this method, known as enzymatic composting, is that it saves time.

Aerobic composting is an odorless process and is widely preferred in
compost production. It has advantages such as short fermentation time and
elimination of pathogenic microorganisms and disadvantages such as the need
for continuous oxygen supply and moisture control. There must be enough
oxygen to provide aerobic conditions for decomposition without creating an
odor problem. Anaerobic composting is a process that takes a long time to
complete and may require external heat in some cases. Bad odor formation is
observed. Biogas can be obtained as a by-product during anaerobic conversion
[24].

Common factors affecting composting in all forms are grain structure, C/N
ratio, pH, temperature, aeration, and water content [25]. Moisture is essential
for the growth and reproduction of microorganisms in the compost. The
moisture content is approximately 40-45% in the lower range. The upper range
is determined by keeping the pores open so oxygen can reach the
microorganisms. The optimal pH of the bacteria used in composting is 6-8.
When the environment starts to warm up during the process, the pH drops to 4 -
5 with the organic acids secreted by the bacteria. With the transition to the
thermophilic phase, the pH value of the environment increases again to 8.

Microorganisms used in composting feed on organic materials. Heat is
generated during this activity. The increase in temperature in the environment
also causes pathogenic organisms to die. For pathogen removal, the compost
temperature must be above 60°C for 2 or 3 days [25]. Breaking down solid
wastes with small grain structures provides more surface area for
microorganism activity. In this case, the reaction time can be shortened. The
optimum C/N ratio for composting is between 25-35. If this ratio exceeds 35,
biological activity slows down, and the duration of the process is prolonged. If
it is below 25, ammonia is released, and microorganisms are damaged.

2.2.4. Biodiesel

Biofuel can be converted from biomass of plant and animal origin and is the
only renewable energy source that can be converted into liquid biofuels such as
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ethanol and biodiesel. It is an environmentally safe fuel that can be used in
various diesel engines and generally without any modification to the machines,
offering an alternative to fossil fuels. Similar processes are followed to obtain
biodiesel from animal waste and vegetable waste. Pork, beef, and poultry solid
fats and oils are animal-derived materials that can be converted into biodiesel.

Compared to traditional fuels, interest in using agricultural products has
started to increase due to their advantages, such as being both renewable and
having lower environmental emission rates. Esterification and
transesterification methods are used in biodiesel production. Non-toxic and
biodegradable biodiesel is produced by combining animal fat, vegetable oil, or
recycled cooking oil with methanol or ethanol using the transesterification
process.

In biodiesel production in the transesterification process of animal-derived
biomass, fat-based triglycerides consist of three fatty acids attached to a
glycerol moiety. The triglycerides in the reaction react with alcohols such as
methanol or ethanol and a catalyst to produce esters and glycerol at the end of
the three-step response (Figure 2) [26, 27]. Although acidic catalysts, essential
catalysts, or enzymes can be used in transesterification, important catalysts are
generally used [28]. Animal fats, which are subjected to the process before the
transesterification process, provide efficiency during the process by filtering
impurities. Transesterification is the most widely used process in biodiesel
production and is considered the best option because this process is relatively
simple compared to other methods.

° O\

0 0
‘ H Catalyst H ‘
H(:—O—((:)—R2 + 3ROH =—>= R’—O—%—R2 + HC—oOH

HZC—O—C‘—R3 R—0—C—R, Hz(‘?—OH

Triglyceride Alcohol Esters Glycerol
Figure 2. Transesterification Reaction [27]

The type and amount of oils used as raw material sources in biodiesel
production are essential. Because the types and ratios of fatty acids in the oil
used show the fuel quality of the biodiesel produced, saturated and unsaturated
fatty acids can affect the cetane number of biodiesel. Since the cetane number of
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saturated fatty acids is higher, it has better ignition properties. The viscosity of
biodiesel can also be related to the length of the fatty acid. Short chain lengths
reduce viscosity and provide good fuel flow in cold weather.

Biodiesel production is a preferable alternative for recycling animal wastes
into valuable products without contributing to environmental pollution,
especially in cases where proper disposal cannot be provided. In addition,
considering the significant impact of animal wastes on greenhouse gas
emissions, the mitigation effect of climate change effects through conversion is
substantial. However, it may lead to additional resources and energy
consumption in case of incorrect practices or insufficient care in collecting,
storing, and disposing of animal wastes. During and after the biodiesel
production process, by-products and by-products may cause negative impacts
on water and soil pollution when the process is not controlled correctly.

2.3. Biosensor Applications

Biosensors are another biotechnology used to determine environmental
pollution and control environmental conditions. Thanks to the developed
biosensors, it is possible to detect waste and predict pollution in the ecosystem.

The main field of study in developing biosensors is the perception and
response of living things to changes in the ecological system. Living things
must perceive changes in their environment and adapt to change to continue
their lives. This sensing mechanism has formed the basis for developing
biosensors (in artificial conditions) in the laboratory [29, 30].

In biosensors used in the agricultural field, animal and plant cells are used as
recognizers. Biosensors in agriculture can generally be used to measure
pesticide use, artificial fertilizer, foul odor, and plant and animal diseases [31].
One of the biosensors used in agriculture is the electronic nose. An electronic
nose is a smart device that detects and identifies volatile compounds and odors
that mimic the human nose. There are various studies on the use of electronic
noses in agricultural applications. Some of the studies include the detection of
Salmonella enteric pathogen in poultry manure, the use of maturity detection in
fruits, the determination of the freshness of beef, the collection and
classification of aroma signals from wheat of different ages [32, 33, 34].
Electronic noses monitor and analyze the odors emitted into the atmosphere
from animal waste and waste management systems from animal housing
facilities. Determination of pathogens and microorganisms in animal-derived
fertilizer content will help ensure quality and safety in production.

Thanks to biosensor technologies, enzymes, microorganisms, and antibodies
are used to detect heavy metals, pathogens, toxins (aflatoxins), and organic
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pollutants created by animal waste. In enzyme-based biosensors, enzymes
catalyze the reaction by selecting the relevant substrate among thousands of
chemicals. If adverse conditions occur in the responses, it may cause the
enzyme activity to deteriorate and the determination to fail.

Antibody-based biosensors (Immunosensors) are biosensors using antibodies
as receptors. Antibodies are protein-structured substances that immune system
cells produce against foreign organisms such as viruses, bacteria, or their
protein products. The most crucial advantage of antibody-based biosensors is
that they are immunogenic. The most critical benefit is that the target must not
be purified before detection. Immunosensors can be developed to determine
hormones, drugs, viruses, bacteria, and pesticides.

Living organisms such as bacteria, algae, and fungi have a high potential for
use in biosensors. Microbial biosensors must be able to establish a specific
connection between the biological structure and the measurable signal, and
particular forms with selectivity towards the target analyte must be used.
Microorganism-based biosensors are advantageous compared to enzyme-based
biosensors because they are created using living cells, are easy to obtain, are
cheaper, provide more stability than enzymes, and have intracellular sensing
mechanisms.

Different microbial sensors have been developed today for the detection of
environmental pollutants such as heavy metals, toxic gases, drugs, endocrine
disruptors, and physicochemical parameters such as biochemical oxygen
demand, which determines how fast the oxygen present in water is used by
microorganisms in water [35]. In addition, some cold-adapted organisms are
widely used in the food industry to prevent microbial contamination and
increase the preservation of cell tissues by freezing and preserving the texture
and flavor of frozen foods [36].

4. Conclusion

Reducing waste generation is of great importance in solving the
environmental problems that are increasing globally today. Considering the
pressure of the livestock sector on the environment, technological methods to be
used in this field have essential advantages in protecting both the environment
and human health. Animal manure and animal wastes generated in animal
production facilities cause air, water, and soil pollution in production areas.
Treatment of these wastes by technological methods is essential for
environmental health. The application of biotechnological processes in
agriculture is very economically and environmentally significant.
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In this study, the main methods used in treating animal wastes were
examined, the studies carried out worldwide were reviewed, and it was
determined that the biotechnological techniques applied in treating animal
wastes have high removal efficiency. The studies to be used in this field have
the potential to be used successfully.
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Chapter 9

Facility Location Problems: A Case Study In The Furniture
Industry

Celal GUNGOR*

Abstract

The furniture industry plays an important role in Turkey's economy. The
selection of a facility location should be consistent with the objectives of
minimizing operating costs, ensuring fast delivery of products to customers, and
maximizing overall profitability as an outcome. In this study, a hypothetical
problem was created to explain how linear programming can help solve facility
location selection problems. Euclidean distances are calculated to recommend
the minimum total distances with the aim of minimizing transportation costs
from facilities to distributors. The IBM ILOG CPLEX Optimization Studio
(v.22.1.1.0) software was used for the analyses. Based on the geographical
coordinates of 6 alternative locations and 12 distributors, 3 locations (Kayseri,
Bursa, and Ankara) were selected as the locations for the facilities. The
minimum total distance was calculated to be approximately 4,800 km total
distance for facilities and distributors. The model also satisfies several
constraints; for example, each distributor has been assigned a location whose
supply capacity is greater than its demand.

Keywords: Furniture industry, Linear Programming, Optimization

Introduction

With an export value of 4.227 million dollars, the Turkish furniture industry
ranks eleventh among the countries that export furniture worldwide (Sanayi
Genel Midurligii, 2022). Tiirkiye's share of global furniture exports is 1.74%.
The industry is also growing steadily, recording growth of 79.1% from 2017 to
2021. Furniture imports, on the other hand, amounted to 563 million dollars in
2021. Comparing the export and import figures, it is clear that the furniture
industry makes a significant positive contribution to the Turkish economy.

While the furniture industry in Tirkiye is predominantly composed of
independent and small-scale furniture workshops that operating with traditional
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methods and rely heavily on craftsmanship, manufacturing household items
mainly for the domestic market and often on the basis of small orders, the
number of medium and large-scale enterprises has increased in recent years
(Ticaret Bakanligi, 2021).

According Turkish Statistical Institute (2021)’s data from 2020, there were
39,338 enterprises with 209,190 employees in the furniture industry. In
addition, the number of employees in the retail sector is estimated at 100,000
(TUIK, 2021). The number of employees and enterprises in the furniture
industry for 2020 are presented in Table 1.

Table 1: The Number of Employees and Enterprises in the Furniture
Industry for 2020 (NACE REV.2 Code:31), (TUIK, 2021)

Number of Number of

Employees Enterprises
Manufacture of furniture 209.190 39.338
Micro 79.604 36.258
Small 51.713 2.537
Medium 47.790 496
Large 30.083 47
Manufacturing 4.308.474 409.482
Total in Tirkiye 15.952.817 3.304.088

As far as exports are concerned, the furniture industry is becoming
increasingly important in Tiirkiye. Looking at the last five years, it can be seen
that the export figures of the furniture industry (classified under International
Trade Classification Code 82 for furniture; and SITC, Rev. 4 for bed sets, bed
headboards, and cushions) have increased consistently every year (TUIK,
2021).

The selection of a facility location involves choosing the geographical
location where the facility will operate. There are many factors that influence
the choice of a facility location (Kobu, 2006; Ugiincii, 2003). The selection of a
facility location should serve objectives such as conducting operations at the
lowest cost, delivering products to customers as quickly as possible, and
achieving the highest profitability. This is because the choice of a location is
one of the critical factors that determine the success and longevity of the facility
(Ugiincii, 2003). When choosing a facility location, it is important that is close
to production resources such as raw materials, energy, and labor. The raw
materials required for production should be available in sufficient quantity and
of good quality. The supply of raw materials should not only meet current
needs, but also have the potential to meet future needs. Similarly, the labor
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potential, the quality of the labor force, and the wage level in the region are also
decisive factors when choosing the location of the facility. The quality of the
workforce and their living conditions in the social and cultural environment
have a direct impact on the potential of the workforce, so the social and cultural
environment of the chosen location is of great importance. Factors such as the
availability of energy and water supply facilities, the quantity and quality of
these resources, the possibilities for the disposal and recycling of operational
waste, transportation, communication and other infrastructure facilities are
important factors that must be taken into account when selecting a facility
location. The availability of services such as security and finance and the
presence of supporting entities for the facility's activities, are also important. In
addition to production factors mentioned here, it is also important that the
location of the facility is close to the markets where the goods and services
produced are to be offered. While proximity to raw materials and quick delivery
of products to the market offer many advantages to ensure uninterrupted
production, the main advantage of the facility’s location is that transportation
costs are covered at the lowest cost. Transportation costs are cost elements that
do not contribute to the sales value of the product. Other factors that influence
the choice of the location of a facility are the amount of land and construction
costs, the existence of government policies such as incentives or tax
exemptions, the geographical and topographical location of the site and the
climatic characteristics. Climatic conditions should be taken into account when
choosing a location, as they affect both the heating and cooling costs of the
workplace and the durability and protection of raw materials, semi-finished and
finished products.

When selecting a facility location, it is essential to compare the costs
associated with the alternatives over a specific period. Various quantitative
analysis methods are used for this purpose. Some common methods for solving
facility location problems can be roughly divided into the following categories
(Giingdr, 2002; Kobu, 2006; Taha, 2003; Uciincii, 2003; Winston, 2022):

e Mathematical Programming Models: These models use mathematical
optimization techniques to find the optimal solution to the facility
location problem. The two most common types of mathematical
programming models are:

o Integer Linear Programming (ILP): Models the facility location problem
as a linear programming problem with integer constraints.

o Mixed-Integer Linear Programming (MILP): Extends ILP by allowing
both integer and continuous decision variables.
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Heuristic Methods: Heuristic methods are approximation algorithms that
can be used to find good solutions to facility location problems in a
relatively short time. Some common heuristic methods include:

Greedy Algorithms: Make locally optimal choices at each step to find a
near-optimal solution.

Metaheuristic Algorithms: Iterative methods that guide other heuristics,
such as Genetic Algorithms, Simulated Annealing, Tabu Search, and Ant
Colony Optimization

Variable Neighborhood Search (VNS): Systematically explores different
neighborhoods to improve the solution.

Network Optimization Models: These models use network optimization
techniques to find the optimal solution to a facility location problem.
Common network optimization models include:

Minimum Spanning Tree (MST): Finds the minimum spanning tree of a
graph, i.e., a subset of the edges that connects all nodes/locations in the
graph with the lowest total edge weight.

Maximal Covering Location Problem (MCLP): Finds the optimal
location for a given number of facilities to maximize the number of
demand points that can be covered within a certain distance. It establishes
a balance between demand point coverage and a limited number of
facilities.

Clustering Methods: Clustering methods can be used to group demand
points into clusters based on their similarity. Once the demand points
have been clustered, the facility location problem can be solved by
locating a facility in each cluster. Some common clustering methods
include:

K-Means: Divides the data into a given number of clusters by minimizing
the sum of squared distances of each data point to the centroid of its
cluster. It divides the data into k clusters based on similarity.

Hierarchical Clustering: Builds a hierarchy of clusters by iteratively
merging or splitting them.

Simulation Models: Simulation models can be used to evaluate the
impact of uncertainties on location decisions. Some common simulation
methods include:

Monte Carlo Simulation: Generates random scenarios to evaluate the
impact of uncertainty on facility location decisions.

Geographic Information System (GIS):
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o Spatial Analysis: Utilizes GIS software to analyze spatial
relationships, accessibility, and suitability of locations for facility
location.

e Hub Location Problems: Hub location problems are a special class of
facility location problems involving the location of hub facilities and the
assignment of demand points to hub facilities.

o p-Median Problem: Determines the optimal location of p facilities to
minimize the sum of the distances to the demand points.

o p-Center Problem: Similar to p-median but minimizes the maximum
distance to each demand point.

e Multi-Objective Optimization: Multi-objective optimization methods can
be used to solve facility location problems with multiple objectives, such
as minimizing cost and maximizing service quality.

o Goal Programming: Balances multiple objectives, such as minimizing
costs and maximizing service levels.

e Auction-Based Approaches: Auction-based approaches can be used to
allocate demand points to facilities in an efficient manner.

o Auction Mechanisms: Agents bid for the right to serve specific demand
points, resulting in efficient allocation.

o Efficiency Analysis/Data Envelopment Analysis (DEA): Evaluates the
relative efficiency of facilities based on multiple input and output factors.

The choice of method depends on the specific characteristics of the facility
location problem, including the number of facilities to be located, the number of
demand points, the nature of objective function or cost structure, and the
presence of constraints.

In this study, an example will be used to explain how a linear programming
can be employed to solve a facility location problem. The example is a modified
version of Giiltekin (2021)’s tutorial. In this example, Euclidean distances will
be calculated to suggest the minimal distances in total to minimize
transportation costs from facilities to depots and to customers.

Application

Definition of the problem

A company group wants to establish 3 furniture manufacturing facilities in
Tiirkiye with supply capacities of 1,000, 1,400, and 1,800 pieces of furniture per
day. There are 6 alternative locations for these 3 facilities. The geographical
coordinates of these candidate locations are shown in Table 2. Each location has
a different distribution capacity per day, namely 1,710, 1,150, 1,100, 570,
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1,420, and 990 furniture, respectively. This means that a facility can be assigned

to a location for which it has a larger capacity.

Tablo 2: Geographical Coordinates and Capacities of Candidate Locations

City Location N E Cap.

Istanbul Sinirl Sorumlu Istanbul Kerestecileri Sanayi 41°07" 28°78' 1,710
Sitesi Isletme Kooperatifi

Ankara Elmadag Mobilyacilar Thtisas Organize Sanayi ~ 39°93' 33028’ 1,150
Bolgesi

Bursa Inegdl Mobilya ve Agag Isleri Thtisas Organize ~ 40°15' 29°53' 1,100
Sanayi Bolgesi

Kayseri Kayseri Organize Sanayi Bolgesi 38°73' 35°37' 570

Izmir Torbali Karma ve Mobilya Organize Sanayi 38°09’ 27°33 1,420
Bolgesi

Sakarya Kaynarca Mobilya Ihtisas Organize Sanayi 41°02' 30°28’ 990

Bolgesi

N: Latitude, E: Longitude, Cap: Distribution Capacity

Three furniture manufacturing facilities will supply the finished products to
12 regional distributors, whose their geographical coordinates are given in
Table 3. The alternative locations of the facilities and distributors are presented
in a map in Figure 1. It should be noted that one distributor will be supplied by
a single facility.

Tablo 3: Geographical Coordinates of Distributor

City Latitude (N) Longitude (E)
Edirne 41°67' 26°55’
Eskisehir 39°76’ 30052’
Denizli 37°78’ 29°09'
Antalya 36°89' 30°71'
Konya 37°87 32°49'
Kastamonu 41°37 33°77’
Gaziantep 37°06' 37°37
Sivas 39°75' 37°01'
Rize 41°02' 40°51’
Diyarbakir 37092 40°21'
Erzurum 39°90’ 41°26'
Van 38°50' 43°37
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Figure 1: Locations of Alternative Facilities and Distributors

The objective of the problem is to locate these facilities and assign
distributors to these facilities in order to minimize the total Euclidean distance
between the facilities and their assigned distributors.

Model parameters

Parameters and Sets:

o NDistributor: Number of distributors.

o NFacilities: Number of facilities.

¢ NCandidate: Number of candidate locations.

Decision Variables:

e VY[jl[k]: Binary variable indicating whether facility j is located at
candidate location k.

e X[i][j]: Binary variable indicating whether distributor i is assigned to
facility j.

e Z[i][j][K]: Binary variable indicating whether distributor i is assigned to
facility j located at candidate location k.

Objective Function:
The objective is to minimize the total distance between distributors and
candidate locations, weighted by the assignment variables.

Constraints:

1. Each distributor must be assigned to exactly one facility.

2. Each facility must be assigned to exactly one candidate location.
3. Each candidate location can have at most one facility.
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4. Binary variables z are constrained based on the assignment of facilities
and candidate locations.

5. Constraints to ensure that if z[i][J1[K] is 1, then X[i][j] and y[j][K] must
also be 1.

6. A constraint linking binary variable y to parameter A, stating that y[j][K]
cannot be 1 if A[j][K] is 0.

Notes:

1. The minimize statement defines the objective function using the
Euclidean distance between depots and candidate locations.

2. Various mathematical functions like sgrt and pow are used to calculate
distances.

Procedures For The Optimization Process:

The "execute" section, which is used for procedural logic that runs before the
optimization process. This block of code initializes the 2D array A based on
some  conditions involving the arrays  SupplyCapacity and
CandidateCapacity. Let’s break it down into two sections:

The first part:

e for (var j in Facilities): It iterates over each element j in the set

Facilities.

e for (var k in Candidate): It iterates over each element k in the set
Candidate.

The second part (inside the nested loops):

e if (SupplyCapacity [j] >= CandidateCapacity [K]): It checks if the
value at index j in array SupplyCapacity is greater than or equal to the
value at index k in array CandidateCapacity.

e AJ[j][Kk] = 1;: If the condition is true, it sets the value at position [j][Kk] in
array Ato 1.

After setting the values, let’s print each element of the array A using
write(A[j][K]); and add a newline with writeln(** **); at the end of each inner
loop. This is added to visualize the values of the array A in the console.

The purpose is to block initializes the 2D array A based on the conditions
involving SupplyCapacity and CandidateCapacity and print the resulting
values to the console. It might be useful for debugging or understanding the
initial state of the array before the optimization process begins.

Linear Programming Model
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IBM ILOG CPLEX Optimization Studio (v.22.1.1.0) software installed in
Intel(R) Core(TM) i5 1.4 GHz Quad-Core processor with a 8 GB memory and
macOS Ventura 13.6.1 operation system is employed for optimization analyses.

The code for the data file is given below:
/*********************************************
NDistributor = 12;

NFacilities = 3;

NCandidate = 6;

DistributorLatitude = [41.67 39.76 37.78 36.89 37.87 41.37 37.06 39.75
41.02 37.92 39.90 38.50];

DistributorLongitude = [26.55 30.52 29.09 30.71 32.49 33.77 37.37 37.01
40.51 40.21 41.26 43.37];

CandidateLatitude = [41.03 39.93 40.15 38.73 38.09 41.02];
CandidateLongitude = [28.78 33.28 29.53 35.37 27.33 30.28];

SupplyCapacity = [1000 1400 1800];
CandidateCapacity = [1710 1150 1100 570 1420 990];

****'k*'k**************************************/

The code for the model file is given below:
*********************-k***********************/
int NDistributor =...;

int NFacilities =...;

int NCandidate =...;

range Distributor = 1..NDistributor;

range Facilities = 1..NFacilities;

range Candidate = 1..NCandidate;

float DistributorLatitude[Distributor] =...;
float DistributorLongitude[Distributor] =...;
float CandidateLatitude[Candidate] =...;
float CandidateLongitude[Candidate] =...;

int SupplyCapacity[Facilities] =...;

int CandidateCapacity[Candidate] =...;
int A[Facilities][Candidate];
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execute {

for (var j in Facilities) {

for (var k in Candidate) {

A[j1[Kk] = (SupplyCapacity[j] >= CandidateCapacity[K]) ? 1 : 0;

write(A[j1[K]); FwriteIn("™); }}

dvar boolean y[Facilities][Candidate]; //1: if facility j is located at candidate
location k, 0: otherwise, j=1,2,3 k=1,2,3,4,5

dvar boolean x[Distributor][Facilities]; // 1: if distributor i is assigned to
facility j, O: otherwise, i=1,...,.8j=1,2,3

dvar boolean z[Distributor][Facilities][Candidate]; // 1: if distributor i is
assigned to facility j located at candidate location k

minimize sum(i in Distributor, j in Facilities, k in Candidate)
sgrt(pow(DistributorLatitude[i] -CandidateLatitude[k],2)
+pow(DistributorLongitude[i]-CandidateLongitude[K],2))*z[i][j]1[K];

subject to{

forall(i in Distributor) sum(j in Facilities) x[i][j] == 1;

forall(j in Facilities) sum(k in Candidate) y[j][k] == 1;

forall(k in Candidate) sum(j in Facilities) y[j][k] <= 1;

forall(i in Distributor, j in Facilities, k in Candidate) z[i][j1[K] >= x[i][j] +
YOIk - 1

forall(i in Distributor, j in Facilities, k in Candidate) z[i][j]1[K] <= x[i][i];

forall(i in Distributor, j in Facilities, k in Candidate) z[i][j1[K] <= y[1[KI;

forall(j in Facilities, k in Candidate) y[j]1[k] <= A[j][K]; }

Results

To find the minimum distance between 3 facilities and 12 distributors, an
OPL minimization model was run. The optimal solution with objective 43.09
was found after 102 iterations. Please note that there were 687 constraints, 270
binary variables, and 1602 non-zero coefficients. The optimal solution for the
facility location problem is given below. The results indicate that Bursa (inegél
Mobilya ve Agag Isleri Thtisas Organize Sanayi Bélgesi), Ankara (Elmadag
Mobilyacilar Ihtisas Organize Sanayi Bélgesi), and Kayseri (Kayseri Organize
Sanayi Bolgesi) should be chosen as the location for the facilities. If the
company builds its 3 facilities in these cities, they will be closest to its 12
distributors. Figure 2 shows a map on which the facilities and distributors are
marked. Note that the arrows show which facility leads to which distributor.

158



istanbul
© Edirne

® © Kastamonu
& Rize
Q—‘ ® Sakarya
255

o )

. ® \ ® Ankara & Erzurum

ursa

© Eskisehir \ /
2 4O
Kayseri »
£ ®
® Izmir
© Denizli

\ .
& Konya © Diyarbakir

© Gaziantep

Figure 2: Optimal Solution for Minimal Distance between 3 Facility
Locations and 12 Distributors
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z=[[[000000] x=[[010] y=[[000100]
[001000] [010] [001000]
[000000]] [010] [010000]];
[[000000] [010]
[001000] [001]
[000000]] [001]
[[000000] [100]
[001000] ]
[000000]] }
[[000000]
[001000] 10 0];
[000000]]
[[000000]
[000000]
[010000]]
[[000000]
[000000]
[010000]]
[[000100]
[000000]
[000000]]
[[000100]
[000000]
[000000]]
[[000100]
[000000]
[000000]]
[[000100]
[000000]
[000000]]
[[000100]
[000000]
[000000]]
[[000100]
[000000]
[000000]]);

Conclusion

In this study, a facility location problem was modeled with 6 alternative
locations for 3 facilities and 12 distributors. The minimum total distance was
calculated to be 43.09. Please note that this is the total Euclidean distance in
terms of latitude and longitude. The distance between two lines of latitude or
longitude is 111 km, which makes roughly 4,800 km total distance for 3
facilities and 12 distributors.
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It is assumed that the locations of facilities and distributors have only two
dimensions. This assumption was made for the sake of simplicity. However, it
is known that the actual roads are not straight. On the other hand, this limitation
can be overcome by weighting the arc between the facility and the distributor
according to the difficulty of the road, or the actual distances can be used as
problem inputs.

According to the optimal solution, the first facility should be located in
Kayseri to serve six distributors in Rize, Sivas, Erzurum, Van, Diyarbakir, and
Gaziantep. The second facility should be located in Bursa to serve four
distributors in Edirne, Eskisehir, Denizli, and Antalya. The third facility should
be located in Ankara and two distributors in Kastamonu and Konya should be
assigned to this facility.
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Chapter 10
Viral Hemorrhagic Septicemia (Vhs) Virus Threat In Fish

Sinan OZCAN*
Ebru Ifakat OZCAN?

ABSTRACT

Viral hemorrhagic septicemia disease (VHS) is one of the leading viral
factors that cause diseases and significant economic losses in fish, especially
trout, all over the world. Adult fish are more resistant to VHS virus than young
fish. The most sensitive species are rainbow trout. The agent is isolated
especially from Kkidney, spleen and heart tissues. Since it causes symptoms
similar to other viral, bacterial and fungal diseases, it is very difficult to make a
definitive diagnosis based on clinical symptoms and autopsy findings. In our
country, the necessary analyzes against this virus must be carried out under
laboratory conditions in aquaculture facilities. The fact that the VHS virus
passes very quickly from fish to fish and spreads it to water through defecation
creates a high risk group for other fish. For this reason, the necessary legal
legislation should prepared and the cycle of fish transfer between cages and
farms should eliminated, uncontrolled transfers of fry, eggs and fish between
farms should prevented, farms should given egg and equipment disinfection
training, the spread of viral factors in natural fish in rivers and seas should
determined and the obtained strains should used in cultured fish. Some
precautions can taken, such as investigating the pathogenicity of the disease and
conducting vaccine development studies in the medium and long term.

Keywords: Fish, viral hemorrhagic septicemia virus, pathogen, aquaculture

Introduction

The most important factor that negatively affects aquaculture is fish diseases
and causes great economic losses. In order to prevent these negative
consequences, the European Union (EU) has put into effect the necessary legal
regulations for fish health control with the name "EU Fish Health Regime" and
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the directive numbered "91/67/EEC". Within the scope of this directive, fish
farms are required to be inspected periodically for diseases, thus aiming to
create fish disease-free zones. VHSV is also included in the list of "diseases that
can be seen in enterprises in EU countries, cause serious economic losses, for
which there is no treatment or vaccine, and the farms where they are found must
be identified" (Anonym, 1991).

Viral hemorrhagic septicemia virus (VHSV) is one of the leading viral
factors that cause diseases and significant economic losses in fish, especially
trout. Mortality of VHS, which varies depending on size and genetic factors,
can increase to 80-100% in juvenile and finger-sized fish. Although the disease
progresses slowly in fish of two kg and above, it has been reported that
mortality can reach 50% (Olesen, 1998). According to a study conducted in
1991, the annual damage caused by viral hemorrhagic septicemia disease
(VHSH) to European aquaculture was estimated to approximately 40 million
Pounds. In the VHS epidemic that occurred in Denmark in 2000, it was reported
that mortality reached 50% and the financial loss was approximately 211
thousand Euros in two rainbow trout (Oncorhynchus mykiss) farms with an
annual production of approximately 165 tons (Skall et al., 2005).

Viral hemorrhagic septicemia is listed among the most dangerous viral fish
diseases that must be notified and monitored by the World Organization for
Animal Health (OIE) (OIE, 2010).

Effects Of Vhs Virus On Fish

The survival of the VHS virus outside the host depends on the
physiochemical conditions and temperature of the liquid environment (Ahne,
1981). The agent survives longer at 4°C compared to 20°C. The virus can
survive for up to 28-35 days in freshwater at 4°C, and has been shown to
maintain its infectivity for 1 year in filtered freshwater at 4°C (Hawley and
Garver, 2008; Parry and Dixon, 1997). The virus survives longer as organic
material, such as blood and ovarian fluid, is added to the environment. While
the agent is inactivated in 13 days at 15°C in fresh water, this period is 4 days in
sea water (Hawley and Garver, 2008). Freezing and thawing fish infected with
VHS does not completely eliminate the virus, but it has been reported that it
inactivates it by 90% (Arkush et al., 2006).

Adult fish are more resistant to VHS virus than young fish. The most
sensitive species are rainbow trout. Depending on environmental conditions,
fish mortality may range from 20% to 80%, and even 100% mortality may
occur in trout larvae (CFSPH, 2003). Fish that contract the disease and survive
constitute VHSV reservoirs (OIE, 2010). Surviving fish become lifelong
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carriers and shed the virus into the environment through reproductive fluid and
urine. The virus infects fish through the second gill lamellae and wounds on the
body. Although the virus was isolated from eggs 3-4 hours after ovulation,
vertical transmission of this virus through eggs has not yet been proven (De
Kinkelin and Castric, 1982; Jorgensen PEV, 1980).

Although clinical symptoms in acute VHS cases are not specific, they are
seen as petechial hemorrhages and exophthalmos in the skin, fin bases, muscles
and internal organs. Ascites is seen at necropsy. In the acute form, mortality is
very high; It can reach 100% in juvenile fish and 30-90% in adults. In the
chronic form, infected fish do not show any clinical signs or pathology (Batts
and Winton, 2002; Skall et al., 2005). In some hosts, chronic infection is
characterized by neurological symptoms such as unsteady and erratic swimming
and pale gills (Kim and Faisal, 2010; Wolf, 1988).

Acutely infected fish show behavioral changes by congregating at the outlet
or bottom of ponds or tanks. Fish are often anorexic and subsequently lethargic
(OIE, 2010). Mortality begins a few days after clinical symptoms appear.
Mortality rate varies depending on the fish species, age, environmental
conditions and virus titer. The mortality rate in juvenile fish can reach up to
100% in susceptible species and virulent strains (CFSPH, 2003).

Experimental studies have shown that the age of fish affects susceptibility to
infection. For example, the VHSV Vb genotype that kills juvenile Pacific
herring causes very little infection in adults of the same fish (Hershberger et al.,
1999). Researchers have stated that immunity to the virus increases with age. In
an experimental infection with genotype 1a in rainbow trout, it was reported
that the mortality rate reached 100% in those weighing up to 3 grams, and the
mortality rate was between 10-15% in those larger than 3 grams (Smail and
Snow, 2011).

Diagnosis Of Vhs Virus In Fish

Although sudden deaths, lethargy, darkening of the skin color,
exophthalmos, anemia, hemorrhage at the bases of the fins, gills, skin and eyes,
abnormal swimming, ascites and edema in the abdominal cavity may suggest
the disease, clinical symptoms alone are not sufficient for diagnosis, as similar
findings are seen in other diseases (OIE, 2010). The pathological appearance
includes petechial hemorrhages in the skin, muscles and internal organs.
Petechial hemorrhages in the dorsal muscles are common symptoms in VHS
cases. The kidney is dark red and the spleen is swollen. The liver and
gastrointestinal tract are pale and the intestines are full of nutrients (OIE, 2010).
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Protection And Control From Vhs Virus In Fish

Taking strict biosecurity measures, such as avoiding surface water, is
important in protecting against disease. Inactivating the water entering the
facility with an ultraviolet system may be effective, but it is an expensive and
limited application area (Huber et al., 2010; Overturf et al., 2001).

Selecting disease-resistant species for cultivation is a feasible method,
although controversial. A program to breed rainbow trout resistant to VHSV
was initiated in the mid-1980s (Chevassus and Dorson, 1990). This program is
based on the selection of adult female and male individuals that have been made
resistant to the disease through experimental methods. Resistance to VHSV
increased significantly when the first generation and the third generation of
offspring obtained from disease-resistant individuals were compared (Dorson et
al., 1995).

Sanitation programs began to be implemented in Denmark in the 1960s to
control the spread of VHSV. The implemented program consisted of three main
stages; dry keeping, disinfection and restocking (Gregory, 2008; Skall et al.,
2005). When the water temperature rose, the fish in the ponds were first
destroyed, followed by dry storage and disinfection. Cage systems are
disinfected by being taken out of the river or lake where they are located. The
dried ponds were cleaned with quicklime, and all tools and equipment on the
farm were cleaned using formalin or iodine. New fish replaced the destroyed
fish and were selected from virus-free certified populations. Thanks to this
method applied, the number of enterprises infected with VHSV in Denmark
decreased from 500 to 26 in 27 years (Gregory, 2008; Skall et al., 2005). To
date, four types of vaccines have been developed and tested for VHSV: live,
killed, recombinant vaccine and DNA vaccine (Byon et al., 2006; De Kinkelin
et al., 1995; Lecocg-Xhonneux et al., 1994). Although extensive research has
been conducted and the effectiveness of experimental vaccine studies has been
demonstrated, there is no commercial vaccine available for VHSV yet
(Lorenzen et al., 2002). A live-attenuated vaccine has been developed with
varying degrees of protective effect on rainbow trout, but live vaccines are not
approved (De Kinkelin et al., 1980; De Kinkelin, 1988; Jorgensen PEV, 1982;
Smail and Snow, 2011).

Vhs Virus Threat To The Fishing Industry

Chairman of the Board of Directors of the Aquaculture Producers' Central
Association said that the VHS virus started to appear in Turkey and caused fish
deaths, especially in the Black Sea. In a statement, he said: "A disease we call
VHS has begun to plague our country. Since this disease is in the waters of our
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country, it spreads quickly; this is a very dangerous disease. Since it Kills fish
and is a notifiable disease, our Ministry of Agriculture and Forestry, General
Directorate of Food Control. "He needs to find a solution." Stating that fish
deaths and fry deaths have increased recently, he said, "It is said that the reason
for this is VHS. Of course, VHS is actually in our country, the General
Directorate of Fisheries or other relevant general directorates do not want to
spread it too much. We do not want it to spread either; but recently, the relevant
general directorate has Directorate, General Directorate of Food and Control
have written to the provinces; as far as | know, they have taken a sample from 8
businesses and asked for it to be sent to Bornova. It is present in sea waters,
inland waters and lakes, it has started to spread everywhere, there is no solution
for this. Food and Control Our General Directorate needs to take urgent
measures. We have 2,300 enterprises, this is not a small number. This means
571 thousand tons of production will be wasted, or they say it has spread
because it will spread to other seas, He said that | hope it will not spread; but we
want the necessary measures to be taken so that we do not experience such
problems. (URL-1, 2023).

Figure 1. Appearance of VHS virus in fish (URL-1, 2023).

It has also been stated that the disease in question is most commonly seen in
puppies coming from France, and that French puppies may have spread this
disease in Turkey. It has been stated that the virus in question manifests itself
mostly in the form of darkening of color and swelling in the eyes in fish, but
unfortunately it does not have many symptoms in the early stages and therefore
effects may occur in the future. It has also been stated that for this disease,
which manifests itself with bleeding on the skin on the underside of the fins,
unfortunately, no clear treatment method has yet been developed in the world
(URL-1, 2023).
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Figure 2. Appearance of VHS virus in fish eyes (URL-1, 2023).

In conclusion; In our country, the necessary analyzes against this virus must
be carried out under laboratory conditions in aquaculture facilities. The fact that
the VHS virus passes very quickly from fish to fish and spreads it to the water
through defecation creates a high risk group for other fish. Therefore, this virus;
To reduce its spread by its presence in the region; Eliminating the fish transfer
cycle between cages in dams and farms by preparing the necessary legal
legislation, preventing uncontrolled transfers of fry, eggs and fish between
enterprises, establishing disease-free enterprises and supplying live material
from these enterprises, restocking infected farms, providing egg and equipment
disinfection training to enterprises. Periodic screening activities should be
carried out and vaccine development studies should be carried out in the
medium and long term. Since there is no evidence that it shows symptoms of
disease in humans, this virus must be removed from facilities in a controlled
manner (URL-1, 2023).
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Chapter 11
Various Afforestation Techniques In Dry Areas
Endam OZKAYA'!

INTRODUCTION

Soil is an important and indispensable natural asset as it provides living
space for many living things. It has many functions such as regulating the
climate, ensuring the carbon and nitrogen cycle, filtering water, regulating flood
and flood risks, contributing to the supply of raw materials for many sectors,
and is a resource with a large share and important contributions to the life of
living things. Therefore, protecting it and ensuring its sustainability in the long
term is vital for the development of societies (URL-1).

Soil is a non-renewable natural resource. Therefore, leaving soils to future
generations in a healthy way and ensuring their continuity can only be achieved
through the adoption and implementation of protective and sustainable soil
management plans (1;2). Sustainable management of soils can be achieved by
taking into account the structure, texture, content and climatic conditions to
which the soil is exposed and organizing the biological and cultural services to
be obtained from the soil according to these characteristics (URL-2). Today,
soils are gradually losing their fertility and their sustainability is jeopardized by
both human activities and natural factors. Soil health and sustainability are
under great threat, especially in arid and semi-arid areas where a large part of
our country is located (3). Drought, desertification, loss of productivity of soils
as a result of erosion, degradation of their physical, chemical and biological
properties, and thus decrease in productivity are natural events that can be
effective in arid and semi-arid areas and threaten soil health and sustainability.
These problems, which threaten a large area in our country as in many countries
around the world, can be named as land degradation caused by various factors
including climate changes and human activities (4).

In order to reduce the negative effects of all these human activities and
natural events on the soil and to ensure the sustainability of soils; it is necessary
to take precautions on issues that cause climate change, to predict the risk of
drought in advance and to take precautions, to prevent the destruction of
vegetation in the fight against desertification and erosion and to give importance
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to afforestation works. In this study, afforestation studies and special
afforestation techniques applied to prevent soil degradation caused by various
reasons in arid areas are mentioned.

1. AFFORESTATION ACTIVITIES IN ARID AREAS

1.1.Definition, Purpose and Importance of Afforestation

Today, there is an increase in urbanization and population growth rates due
to the impact of technology and industrialization, bringing many problems with
it. These problems can be listed as climate change, decrease in biodiversity,
deforestation, desertification, erosion and drought risk. Drought is the
irregularization of the precipitation regime with the effect of climate change and
its course at rates below normal throughout the year. Arid areas are areas where
natural resources and ecosystems are affected as a result of this irregular
rainfall, environmental services are restricted and access to water is difficult (5).
These areas defined as drylands constitute 41% of the world (approximately 6
billion ha) and approximately two billion people live in these areas today (1). In
arid areas, precipitation is low and evapotranspiration rate is high. Soils in these
areas are poor in organic matter (24). No matter how deep they are, they also
lack the beneficial water necessary for plant life. Therefore, arid areas usually
have flora and fauna systems that live in harmony with these conditions.
Generally, steppe ecosystem covers quite large areas (3; 6).

Arid and semi-arid areas are ecosystems where many extreme natural
phenomena are observed together. However, years of wrong agricultural
practices, deforestation and destruction of existing vegetation cause these areas
to face the risk of desertification and erosion (3). These ecologically sensitive
areas can be transformed into ecologically, economically and socially
productive areas where soil structure, fertility and sustainability are ensured
when rehabilitated with properly planned afforestation works (7).

Afforestation is the transformation and development of forested areas, which
are generally destroyed or damaged by deforestation, by using appropriate plant
species (8). It is an effort to reduce and correct the negative effects of
deforestation, to filter the air and purify it from dirt and dust, to sequester CO2
and to increase human welfare by helping to reduce climate change (9;10). The
purpose of afforestation activities in arid areas is soil improvement and
conservation. However, they are important studies that serve many ecological,
economic and social purposes. The objectives of afforestation activities can be
listed as follows.

- Improving soil fertility,

- Ensuring access to healthy food,
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- Establishment of urban green spaces and urban forests,

- Reducing air and noise pollution,

- Prevention of dust transport and erosion,

- Prevention of floods and flood disasters,

- Protection of water resources,

- Extending the life of dams,

- Meeting the need for wood raw materials,

- Conservation of biodiversity and habitat areas

- Providing aesthetic and activity areas in the city where people can socialize
(3).

The fact that trees have a high rate of carbon sequestration is another proof
of how important a role they play in reducing the negative effects of both
climate change and global warming. In the 21st century, with the increasing
pressure of climate change on agriculture and healthy environment, it has been
understood by the world that afforestation is the best method to eliminate this
pressure. Therefore, within the scope of the 'UN Sustainable Development
Goals', to which many countries in the world, such as our country, are parties in
2015, stopping deforestation, ensuring sustainable management of forests and
including effectively planned afforestation activities have become among the
goals on the agenda of the world (3; URL-5).

Wood and its products have an important place in the economy all of
countries. However, not all countries have sufficient forest areas to provide the
wood they need. The distribution of forest areas in the world may vary
according to countries and regions. This situation is also valid for our country.
Our country has a geography consisting of 4 different climate types and 7
different regions. Therefore, the distribution of forest areas varies according to
climate type, soil structure and intended use (11). For afforestation activities,
large, uninterrupted, well-defined slopes with clear boundaries and slope rates
above 20%, rocky areas, and lands unsuitable for agriculture are the most
suitable areas. In arid and semi-arid areas, including our country, roadsides,
streets, gardens and park areas, windbreak applications that differ according to
the purpose of use, protective forest strips can be considered as suitable areas
for afforestation (11). Afforestation activities can only be successful if a correct
and well-managed planning is realized. For this purpose, selecting the
appropriate plant species, preparing the afforestation area, carrying out the
planting in a controlled manner, ensuring the maintenance and management in
the best way is of great importance for the success of the work and the long-
term sustainability of the are (11).
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1.2. Determination of Species to be Used in Afforestation

The most important phase of afforestation works is the selection of tree
species to be planted or planted. Because the selected species will occupy the
land for 50-100 years. Therefore, the selected species should be easily adaptable
to the soil and existing ecological conditions. If the following three stages are
carried out while selecting species in afforestation areas, the success of the work
and the efficiency obtained will increase.

- The purpose of afforestation should be determined.

- The ecological conditions of the area to be afforested should be
determined.

- The growing requirements of the plant used in afforestation and the
ecological conditions of the area should be evaluated together (12).

Before starting afforestation activities in arid regions, the soil should be
identified and improved with locally suitable species. After that, afforestation
works can be started with suitable species that adapt. The most important
feature sought in the species to be selected first is drought resistance. Selecting
species with thick, narrow and small leaves and deep root systems facilitates the
adaptation process of the plant to the site and increases the success of the work.
Plants with a deep root system can penetrate deeper into the soil, allowing the
plant to benefit more from the moisture in the soil, either from the ground water
or from a little rainfall. In areas where the ground water is closer to the surface,
plants with a fringe root system can be used. Another important issue is whether
the species used serve the purpose of the afforestation work as well as their
suitability for growing conditions. For example, in order to obtain quality
products in an afforestation area established for industrial wood production, the
most suitable species (e.g. pine, eucalyptus, acacia, etc.) are determined and
planted.

In afforestation in arid areas, soil adaptation and adaptation of the plant to
climatic conditions are important. In particular, the plant must be resistant to the
increased salinity in the soil with drought. Some soils may contain mycorrhizal
fungi that attach to plant roots in terms of their structure or thanks to the plant
species previously cultivated in the area. These fungi ensure that soil organic
matter binds to each other and to plant roots. Thus, the yield obtained from the
plant increases. However, if these fungi are not present in the soil, it is
recommended to inoculate the soil before planting (11;12).

1.3. Preparation of Afforestation Area

Soil preparation must be completed in advance so that the plant can be
introduced to the soil in the most appropriate way without damage. In order to
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prepare the area to be afforested, the area is first identified and then the existing
wild bushes and weeds are cleaned. The cleaning method may vary according to
the plant type. If there are live trees that need to be preserved in the area, the
weeds in their roots are first cut and weeded. These weeds are gathered together
and disposed of by controlled burning before planting. However, if the area is
covered with shrub species that are taller than weeds, it is easier to burn them
first and then uproot them. This is because the shrubs need to be uprooted to
prevent them from growing again. This will also prevent these shrubs from
wasting soil moisture. If the area is very steep, the grass on the surface is not
burned but only plowed. Another important factor that will ensure the success
of the afforestation work is the preservation and transportation of the plants
from the nursery where they are grown until they are taken to the afforestation
site without stress and without damaging their root systems. If the saplings are
to be transported in the form of roots without soil, they should be transported by
ensuring that they do not dry out, and if they are to be transported in the form of
roots with soil, they should be transported by ensuring that the soil remains
moist. These saplings brought to the afforestation site should be planted as
quickly as possible, weather conditions permitting. After the cleaning process
on the soil surface is done, the process of digging pits for the brought saplings
can now be started (11;3).

1.3.1.Digging the pits:

The width of the pits may vary according to the size of the seedlings.
However, pits of 30*30*30 dimensions are usually sufficient. Stones should be
removed from the pits dug in stony areas. In arid areas, these stones can be
placed in the root zones to prevent the soil from moving with the wind. The soil
removed from the pits should be taken out right next to the pit in rainy areas. In
arid regions, the soil can be loosened after the pit is opened and filled back into
the pit until planting is carried out. Opening the pits in a row at equal intervals
and distances will also facilitate subsequent maintenance (11),(Figure 2).
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1.3.2. Terraces:

Terraces are stepping systems created by excavating the slopes along the
escarpment curves and piling the soil between two layers on lands with high
slope rates. Thus, the land is cascaded and the steps are flat areas. Planting can
be realized by opening pits in these flat areas. Increasing slope and soil structure
affect the step width. As the slope increases, the step width narrows and the
number of steps increases. The purpose of terracing is to allow rainwater to
flow through the slopes formed between the terraces and to be collected in the
flat areas and delivered to the plant (11;13),(Figure 3).

5\ 0 A = N -
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Figure 3. Terracing Process in Afforestation Areas

1.3.3.Leveling Strips:

In areas with little slope and no risk of erosion, terracing can still be used by
following the slope curves. In these strips, the soil on the soil is cleaned and the
soil is cultivated at a depth of 15-20 cm. Between the cultivated strips there are
5m strips that are left uncleared. They are generally 2- 2.5 m wide strips and
trees are planted on them at equal intervals (11).

1.3.4.Hand Tools:

Suitable hand tools are used for the work to be done with manpower in the
area to be afforested. The most commonly used tools are picks and hoes with
plates of different widths (11).

1.3.5. Mechanical Tools Used in Afforestation Works:

Today, with the development of technology, mechanical tools are generally
used in large and suitable lands. Crawler tractors (dozers), rubber wheeled
tractors, graders, excavators are mechanical tools used in afforestation works
when necessary. They help to speed up the work by saving time in many
situations such as soil cultivation, creation of terraces, opening planting pits,
transportation of soils (URL-3).
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1.3.6. Construction of Roads and Trails:

Roads and paths should be constructed in order to ensure that maintenance,
management and supervision in afforestation areas are maintained in a healthy
manner and not interrupted. Before planting, the areas to be afforested should
be divided in accordance with the topography of the land. Between these
sections, a main axis should be created to provide access for construction
machinery, and pathways should be determined to provide access for workers
through this axis. The main road axis should be paved with a material that will
not be affected by slipperiness in winter and excessive sand in summer. The
slope of the road should be suitable for transportation and should not exceed
10%. In hilly and mountainous areas, the road width should generally be 2-2.5
m. Road edges should be defined with stones or retaining walls. Trails are
sloping roads with a maximum width of 1.5 m, which can increase up to 15%
from time to time. They should be marked with stones and have good drainage
systems. Thus, both the deterioration caused by landslides in sloping areas and
the deterioration caused by the intensity of rainfall are saved (11),(Figure 4).

Figure 4. Roads and Trails in Afforestation Areas

1.4. Afforestation through sowing and planting

Determining the planting spacing between plants, planting time and the
suitability of weather conditions are important issues to be considered during
the planting phase. After the site is prepared and the saplings are transported to
the site in a controlled manner, planting operations are started at the beginning
of winter after the soil is saturated with the first rains. Planting work should
start in the fall and end in the spring. The season following the soil cultivation
period is the most suitable season for planting. In areas with arid and semi-arid
climates, tubed-coated saplings should be preferred, and the intervals between
plants should be determined by taking into account rainfall and evaporation
conditions. In these areas, despite the danger of drying out the plants, planting
should be done in overcast and cloudy weather, or even in periods of light
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rainfall, which eliminates the danger of drying out and ensures successful
results. Planting can be done in spring against the danger of frost that may occur
in winter. If the afforestation area is located in high areas, it should be protected
by placing stones around the sapling (11;3).

Planting spacing should be left wide in arid areas. Normally, a planting
distance of 1.5 meters is sufficient for afforestation works. However, in arid
areas, a distance of 2.5-3.5 meters may be more suitable for this distance. The
reason for this is that competition between plants starts much earlier in dense
plantings and causes an increase in thinning operations. Thus, additional cost is
added to the budget of the study (11;3).

In planting studies, different methods such as edge planting in the pit,
ordinary pit planting, deep planting in the pit, hill planting in the pit, hill
planting with pit in the pit can be used. Generally, the most preferred planting
methods are edge planting in the pit and ordinary pit planting methods. The
most suitable depth for planting is 30-40 cm of annealed and moist soil.
Saplings brought in baled and packaged form should be placed in planting
crates wrapped with damp moss and telis while planting, so that they are
protected from the wind, distributed proportionally to the number of workers
and planted on the same day. In case of moisture loss, the covered seedlings
should be watered first and then transported to the planting place together with
their containers and planted. Planting pits should be dug at least 5 cm deeper
than the root length. The sapling removed from the crate should be placed in the
pit in such a way that the roots are not damaged and the root should be covered
with moist topsoil. Following the planting, the worker should compress the soil
by applying pressure with the foot towards the root area. Thus, the planting
phase is completed (11;3), (Figure 5).

Figure 5. Planting application (3)

Afforestation by planting is a method used on lands where afforestation by
planting is not suitable. In this method, where afforestation costs are greatly
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reduced, some species are brought directly to the land by sowing from seed.
Thus, nursery costs are eliminated and the transportation of seeds to the field
requires much less cost than the transportation of seedlings. In afforestation by
sowing, site preparation is almost the same as the planting method. In this
method, planting holes do not need to be deep. The soil is cultivated in strips
and the seeds are sown on these strips. However, in order to use afforestation by
planting method, it is necessary to know the application conditions very well, to
make applications in suitable areas with suitable species, and not to insist on
unsuitable places and situations. However, arid and semi-arid areas, places and
aspects dominated by high temperatures and drying winds, bare slopes with
excessive slopes, areas with insufficient physiological depth, horizontal
stratified and uncracked bedrock, wild, wet and tightly stacked soils and areas
with dense sap cover are not suitable for afforestation by planting (3).

1.5. Maintenance Works in Afforestation Areas

Maintenance operations in afforestation areas are the processes of weeding,
hoeing, completion, irrigation, shoot control and terrace repair carried out to
combat herbaceous and woody plants that adversely affect the growth and
development of the plant in areas where land preparation has been completed
with labor or mechanical tools. Maintenance works are important in order to
protect the sapling from all adverse conditions, all kinds of pests that prevent its
development and to increase its resistance during the process of the sapling's
complete attachment to the soil after planting (3).

1.5.1.Completion:

The fact that the planted saplings are exposed to unfavorable conditions
during or after the planting phase may cause regional mass drying or occasional
drying in excess of 20% in the field. In these cases, the completion process
involves the removal of damaged plants, re-tillage of these areas, and the
planting of new recommended plant species. Large-scale completion operations
are always costly. For this reason, the afforested area should be visited for
control purposes 3-4 weeks after all operations are completed and new plants
should be planted immediately next to the dried plants (11;3).

1.5.2. Weeding and Grubbing:

It is the process of separating the herbaceous or woody plants that put
pressure on the development of the saplings in the root areas of the saplings
with the help of a hoe, starting from the priority areas in the field before the
seeds are poured after the spring rains in the vegetation period after the planting
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of the afforestation area, and loosening the soil in the root area and providing
aeration (11,3).

1.5.3.1rrigation:

Irrigation is not practiced in arid and semi-arid areas because the rainfall
regime is irregular and less than normal and high summer temperatures increase
irrigation costs. Generally, winter and spring rainfall is collected and this
harvested water is utilized (14;15). However, the need for irrigation should be
minimized by choosing appropriate species and applying techniques that
increase the water holding capacity of the soil. In afforestation activities carried
out in arid and semi-arid areas, irrigation can be carried out in the first two
years in June-September in accordance with plant needs, and then the amount
can be gradually reduced (11).

1.5.4.Shoot Control:

It is the process of cleaning and controlling these shoots in order to prevent
damage to the mother plant with the re-development of root particles that are
not cleaned from the soil after tillage and planting (3).

1.5.5. Protection against Grazing and Fire:

It is very important to take measures against free livestock grazing in the
areas planned to be afforested, especially in the first 6 years. The reason is to
prevent damage to plants that are still in the development and adaptation stage
by animals. If animals are grazing close to the afforestation area or if
afforestation is to be carried out in areas where free grazing is legally permitted,
a very costly work should not be undertaken. Fires are the biggest danger that
can be seen in afforestation areas. Unless fires are brought under control with
measures, it is inevitable that all afforestation areas will be lost.

The first measure against the danger of fire for any reason is to raise public
awareness. Involving the people living around or near the forests in all
processes of the forests enables the creation of conservation awareness. The
most important measure to be taken during the planning phase of afforestation
areas is the establishment of fire safety strips. These strips can be at least 8-10
m wide, cleared of all grass and bushes so that the fire cannot pass through. In
arid areas, these strips should be kept clean until the rains begin, especially in
the summer months, against the fire hazard that can be triggered by high
temperatures. In large and continuous afforestation areas, dividing the area into
zones in certain hectares and drawing fire safety strips between them prevents
fires from spreading to large areas (11;16), (Figure 6).
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Figure 6. Fire Safety Strips

1.5.6. Cost of Afforestation Works

The cost of afforestation works varies depending on the size of the
afforestation area, the type of soil preparation, the number of plants planted per
hectare, the completion, maintenance and protection methods. Maintenance
with labor is always more costly than maintenance with mechanical tools. In
this regard, afforestation studies carried out under the consultancy of trained
people by encouraging volunteerism with the support of many institutions and
organizations can contribute to the reduction of labor costs and can be effective
in developing forest protection awareness in the society (11).

2.AFFORESTATION TECHNIQUES APPLIED IN ARID AREAS

2.1. Afforestation for the Prevention of Erosion

Erosion is a natural disaster in our country and in the world, where the soil is
eroded by the force of water and wind and moved from one place to another,
damaging the vegetation and soil health, significantly increasing the risks of soil
degradation and desertification. Arid and semi-arid climate conditions, which
are effective in a large part of our country, cause us to have large areas sensitive
to erosion. In arid and semi-arid areas, erosion caused by the effect of water and
wind on slopes devoid of vegetation negatively affects agricultural and
environmental activities. Erosion can occur as a result of human activities as
well as the effects of natural factors. While excessive and free grazing,
destruction of vegetation cover and deforestation, establishment of agricultural
areas towards the slopes, unplanned construction and misuse of land are human
activities that trigger erosion risk, excessive and irregular rainfall, strong winds,
light and loose structured soils are natural factors that trigger erosion (URL-4).
In combating erosion; while it is possible to prevent damage to the soil by
intervening in human activities, it is not possible to fully intervene in natural
factors. However, soil resistance can be increased through rehabilitation works.
One of the most important works on land rehabilitation in the fight against
erosion is undoubtedly afforestation. Afforestation works can restrict soil
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mobility that causes erosion. Soil masses carried by rainfall or strong winds
from slopes to fertile lands can be prevented by the plants used in afforestation
works. In arid areas, rainfall can sometimes be heavy, even for short periods.
Afforestation is essential to control water in these areas. The first measures to
be taken in these areas are to graze the area with appropriate species, to regulate
grazing, to take appropriate measures against fire, and to establish short terraces
for afforestation. These measures must be taken in order to keep the water on
the land and slow down the flow rate. In erosion caused by wind force,
terracing, grazing with appropriate drought-resistant species and windbreaks are
practices that help prevent erosion (6),(Figure 7).

L3 ‘ A & 4

Figure 7. Afforestations for the Prevention of Erosion

2.2. Afforestation of Swampy Areas

Swamps are areas with poor soil drainage, high ground water levels, flat
lands with inadequate slope, lakes and rivers. These areas should not be used for
afforestation activities unless it is mandatory. If they are to be used, they should
be rehabilitated. The first step in afforestation activities in swampy areas is soil
analysis. For example, if there is excessive salinization in the soil, the selection
of species suitable for this situation or soil rehabilitation ensures success in
afforestation. Site preparation for afforestation in swamps begins with the
creation of embankments or slightly sloping ditches. In these areas, planting is
done on the embankments and water is carried to wider channels with the help
of ditches and drainage of the site is provided. The number of plant species that
can be grown in swampy areas is limited. In plant species selection, species
such as willow, alder, sweetgum, eucalyptus, ash, swamp cypress, swamp oak
can be preferred (11;17), (Figure 8).
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Figure 8. Embankment planting in marshes (1st image), Trench plantig (2nd
image) (18;19)

2.3. Afforestation of Dune Areas

Dune areas are areas formed as a result of wind erosion caused by strong
winds. If a general definition is to be made, dune areas are areas formed as a
result of the transportation and accumulation of light, loose and volatile soils
that do not contain binding substances such as humus and clay under the
influence of wind. Afforestation works are of great importance in order to
make these areas, which are subjected to soil degradation as a result of erosion,
productive again (20). Sand dunes reduce the productivity of agricultural areas
and forests by affecting them; they restrict their use by affecting transportation
networks, water resources, settlements and river beds. Since they cause these
negative conditions, dune areas should be reclaimed and dust transportation
should be stopped in these areas. Rehabilitation of dune areas is carried out in
two stages: temporary and permanent stabilization. Temporary stabilization is
the creation of pre-dune areas that allow the dune source to be taken under
control. Sand is prevented from moving inland by sand dunes piled in front of
the source. Permanent stabilization is the afforestation works carried out in
these areas. These dune areas, which are formed as a result of wind erosion,
especially in arid areas, are first screened with wooden, plastic material fences,
and then the dune movement is stopped by grazing and afforestation with
appropriate species between these fences, and the land is covered with fertile
vegetation again. Our country has experienced and achieved successful results
in afforestation in dune areas with the wind erosion in Konya Karapinar district
in 1960 and the reforestation activities carried out in this area (21;17), (Figure
9).
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Figure 9. Afforestation Works in Sandy Areas

2.4.Afforestation with Windbreaks and Protective Forest Strips

Windbreaks, protective forest strips and afforestation activities are of great
importance for agriculture and forestry in areas with arid and semi-arid climatic
conditions. Windbreaks are afforestation methods applied to protect soil fertility
in agricultural areas located in arid and semi-arid plain areas exposed to strong
winds. These curtains, which are established by using live plants in strips at
certain intervals, prevent dust transportation and snow blizzards by acting as a
shield in areas 10 times wider than their height. Thus, it provides significant
protection of crop and soil fertility. Windbreaks using plant species that are
resistant to drought and strong winds, can root quickly and grow fast, and can
reach a certain crown diameter are an effective and sustainable afforestation
technique for combating wind erosion (11), (Figure 10).

In order to achieve the benefits of protective forest strips, some special
conditions must be met in order to achieve the benefits appropriate to the
purpose for which they are established. The purpose of establishing protective
forest strips is important. Forest strips established to prevent water erosion
should be placed to follow the leveling curves, while forest strips established to
prevent wind erosion should be placed perpendicular to the prevailing wind
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direction. The first and most important issue in the establishment of protective
forest strips is to determine the wind direction (22). After the length of the
protective forest strips established to follow the leveling curves exceeds 1 km,
diagonal secondary strips should be established. However, these strips should be in
an order that will not affect activities in agricultural areas. Protective forest strips
can be established to protect agricultural areas from the effects of water and wind,
as well as to protect farm areas and to protect grazing animals in meadows and
pastures. To protect the fertile surface of the soil from the erosive effects of wind,
windbreaks and protective forest strips can be established, especially around
agricultural areas. This protects the soil, provides shade for livestock, and creates
enjoyable and productive areas for people. In addition, if agriculture is already
being practiced in this area, the risk of wind erosion will be eliminated and the yield
to be obtained from the unit area will be increased (16).

2.5.Urban Road Afforestation

Afforestation activities in arid and semi-arid areas are important efforts to
prevent many disasters caused by human activities and natural factors. However, in
addition to the prevention of these risky situations, there are also studies in which
the aesthetic and functional features of the plants used in afforestation are
prioritized. Afforestation works carried out in the city and on roadsides can be given
as an example. The functions of such afforestation works can be listed as regulating
climate changes, preventing air and noise pollution, reducing the urban heat island
effect, relieving intercity traffic, and providing aesthetic and social environments
for people living in cities (23). Roadside plantations contribute to increasing
comfort in transportation and protect the road directions against possible dust
storms that may occur especially in arid areas. They can also act as wind screens for
the fields around them, if any. Road plantations planted with appropriate species
can produce fruit and tannins, while at the same time contributing to the increase
and improvement of biodiversity and the development of beekeeping. These
plantations, planted along the road direction, also provide a great benefit in terms of
wood production. It is effective to select the plants used in road afforestation from
species suitable for local climate and soil conditions, to prefer species with
columnar and symmetrical forms with well-developing top shoots, and to select
plant species from species suitable for the purpose of afforestation. In addition,
planning by taking into consideration features such as the preference of species that
can quickly adapt to difficult conditions and are resistant to all kinds of diseases and
pests ensures effective and successful results in the long term (11;23), (Figure 11).
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Figure 11. Urban Road Afforestation

CONCLUSIONS AND RECOMMENDATIONS

Drought, which affects a large part of our country, brings along soil
degradation and many natural disasters. In these areas, there are many problems
that trigger soil and land degradation caused by human activities such as
deforestation, allowing overgrazing, off-purpose land uses, use of intensive
processing techniques in agricultural areas, unconscious irrigation, industrial
wastes.

The areas affected by disasters caused by various reasons in arid areas are
basically lands devoid of vegetation cover. Therefore, even if the stages of
combating these disasters are different, they are generally completed with
afforestation activities. Arid areas are sensitive areas for afforestation activities.
Afforestation activities in these areas require careful planning in accordance
with their purpose. Preferring methods suitable for the ecological and economic
conditions of the area to be afforested, and afforestation with appropriate plant
species and varieties allow to increase the yield lost in arid areas. Various
afforestation techniques used in arid areas include combating erosion,
rehabilitating swamp and dune areas, establishing windbreaks and forest strips
that act as shelters to protect soil fertility, and road afforestation in urban areas
to combat climate change and environmental pollution.

Afforestation works carried out in arid areas, together with the use of
afforestation techniques appropriate to the needs of the region and correct
implementation stages, contribute to the fertility of soils, to obtain sustainable
areas in the long term, to provide economic gains in the region, to the
development of agriculture and forestry activities, to the continuity of wood raw
material production, to the increase of yields obtained from agricultural areas, to
the formation and development of habitat areas and to the increase of
biodiversity, to the creation of aesthetically and socially appropriate urban
areas.
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Chapter 12

Rotifer Preparation Techniques For Scanning Electron
Microscopy (SEM)

Hilal BULUT*

Introduction

General Characteristics of Rotifera

In freshwater communities, rotifer species provide food for many
predatory invertebrates. They are also used as indicators to determine water
quality in freshwater ecosystems (Ganon and Stember 1978). The Rotifera
phylum is a group of living things that typically vary in length between 50—
2,000 um, are found mostly in freshwater, and include approximately 2,000
different species and characterized by the presence of a ciliated “corona” and
a muscular pharynx called “mastax” (Fontaneto, 2015).

Although most rotifers live in fresh water, there are also members of
some genera that can live in brackish and salt water. Some species of
rotifers, which are very important for the food chain, are indicative of quality
and eutrophication states of the water that they live in (Saler, 2009).
Members of the Rotifera group have two notable features. The first of these
is a special ciliated area called the corona, located in the front parts. The
corona region is a structure consisting of two concentric eyelash rings,
usually called the trocus and cingulum. The corona of many Rotifera species
resembles a rotating wheel. For this reason, the Rotifera phylum is also
known as 'animals with wheels'. While all Rotifera members use the corona
as a food gathering organ, in free-swimming Rotifera species the corona is
also used as a locomotion organ. A second distinctive feature that all
Rotifera species have is It is a muscular pharynx structure called the trophies
and includes a complex set of jaws (Wallace and Snell, 2010). Rotifers are
represented by approximately 2000 species and most of them are freshwater
animals. A few of them live in the seas and a few live in algae. A few
species are parasitic, some are sessile, a few species are colonies, and the
remaining species are free-living. They feed on phytoplankton or are
predators. Their distribution areas are quite wide. They are represented in
fresh waters in large quantities and with many species in the same region. As
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long as there is enough food, they reach 5000 individuals per liter, and in
sewage water they reach 12,000 individuals per liter. Some species occur in
salty and brackish waters; Approximately 50 species of Rotifera are marine.
Some of the species belonging to the bedelloid group produce biofilm, lichen
and liver cells. Rotifera live on algae. Rotifers mainly feed on smaller
animals, algae, and organic particulates, although some species are parasitic.
Depending on the species, they filter feed or actively hunt and capture prey
(Brusca and Brusca, 2003; Ruppert, et al., 2004; Segers, 2007; Wallace,
2002; Zhang, 2011). These are generally concentrated in the soil (32,000-2
million'm®). This ratio varies depending on the moisture density of the soil;
They play a very important role in the nutrient cycle in the soil. Rotifers are
among the smallest multicellular animals. Their size is approximately 40-
1000 p (males), 3 mm in some species (females). Rotifera body consists of
three parts: head, body and feet. The corona in the head carries the mouth
opening, tactile and optical senses. The corona (garland organ) serves to
provide locomotion and nutrition. There are cilia on the front surface of the
corona and the mouth is located in the center of these cilia. This part
surrounding the mouth is called the buccal area. Rotifera sac has a
cylindrical-shaped body. The body surface is covered with the cuticle, which
is formed by the outward secretion of a thin hypodermis layer. The cuticle
has a thin and flexible structure. The cuticle layer thickens in some groups
and It surrounds you like armor and is called Lorika. In the body located in
the middle part of the body and filled with body fluid; consisting of
excretory organ with flame cells, digestive system, ovary and vitellarium. It
includes the genital organ (germovitellarium), brain, circular and
longitudinal muscles. The foot is located at the rear end of the body. It
consists of flat or interlocking sections and has two small extensions called
fingers at its tip. This area contains foot muscles and a pair of glands. There
are glands in the foot that secrete secretions. With the secretions of these
glands, Rotifera anchor themselves to a place temporarily or permanently.
Some Rotifera do not have feet. The body is generally elongated or round
bag-shaped and is divided into 3 parts: head, neck and trunk. In some
species, a short neck is noticeable. The foot emerges from the posterior end
of the body; It is a narrow section that is flat or composed of many
interlocking compartments; The cuticle has gained flexibility due to its
jointed structure and thin structure. Body surfaces are generally covered with
a cuticle secreted by the hypodermis (Figure 1).
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Figure 1. General body structure of the Rotifera group (Wallace and
Snell,2010)

Reproduction

Rotifera individuals show sexual and asexual reproduction. Females
generally reproduce by parthenogenesis during the summer months. For this
reason, males are mostly formed at certain times of the year. Females
(diploid) emerge from thin-shelled eggs. Offspring hatch from the eggs
formed by parthenogenesis in 2-5 days. Females can produce offspring 20 to
40 times a year in this way. These are called amictic females, and the eggs
they produce are called amictic eggs. There are two types of these eggs, one
small and the other larger. Females develop from the larger parthenogenetic
eggs, and males form from the smaller eggs. In winter, females make thick-
shelled winter eggs. These are eggs that need to be fertilized. Fertilized
winter eggs develop in spring and become amictic. It produces female
individuals called. The reproductive organs of females are divided into three
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parts: ovary, vitellarium and follicular layer. The ovary is united with the
vitellarium, which produces vitellus, and this structure is called
germovitellarium. Vitellarium has a fixed number of large nuclei and some
species. It is an important characteristic feature in classification.
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Figure 2. Monogononta rotifer (Wallace and Snell,2010)

The male reproductive system contains pear-shaped, rounded testicles
and a ciliated sperm duct. A ciliated vasdeferens extends from the testicle to
the penis, which has 1 or rarely 2 auxiliary (prostate) glands that excrete into
it.  Classically, there are three classes within the Rotifera phylum:
Seisonidea, Bdelloidea and Monogononta. Seisonidea consists of marine
forms, in which the corona is remnant, the sexes are the same size; Females
do not have a double-ovary vitellarium. Monogononta is represented by
1,570 species. Organisms in this group are found in all types of aquatic
ecosystems; These organisms, which have swimming and sessile forms, have
a single germovitellarium and produce amictic, myctic and dormant eggs.
Males are small in stature (Figure2). Bdelloidea is represented by 461
species, the corona usually bears a pair of trochal discs. They reproduce
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parthenogenetically, females It has two germovitellaria (Segers, 2007,
Fontaneto et al., 2008; Hickman Jr. et al., 2014).

In the Bdelloidea group, parthenogenetic reproduction produces diploid
eggs that yield diploid female individuals. These females reach maturity
within a few days. In the class Monogononta, females produce two types of
eggs depending on environmental conditions. For most of the year, diploid
females are slender. It produces shelled diploid amictic eggs. Amictic eggs
develop parthenogenetically into diploid females. Environmental factors for
example, extreme population density, nutrition, or photoperiod can initiate
the formation of diploid myctic females that produce thin-shelled haploid
eggs from amictic eggs. If these eggs are not fertilized, they develop into
haploid males. If the eggs, called mictic eggs, are fertilized, they form eggs
with thick, durable shells and remain in a resting state. These winter eggs
develop into amictic females when environmental conditions become
suitable again. In the class Seisonidea, females produce haploid eggs that
must be fertilized and these can give rise to males or females. Most Rotifera
species are oviparous, a few are ovoviviparous or viviparous (Hickman Jr. et
al., 2014).
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Figure 3. Bdelloid Rotifer (Wallace and Snell, 2001)

Communication and Perception

Rotifers have coronal and apical sensory bristles and often paired ciliary
pits, presumably chemoreceptive. It is typical for these organisms to have at
least one photosensitive ocelli on the dorsal or ventral aspect of the cerebral
ganglion, with many species having one or two pairs of ocelli. Some may
also have lateral or apical ocelli which are also photosensitive. Some rotifers
have sensory hairs on their antennae, or their antennae may consist of
sensory hairs. (Brusca and Brusca, 2003; Hyman, 1951; Wallace, 2002).

Predation

As planktonic animals, adult rotifers and their eggs serve as prey to many
larger animals, including birds, insects and insect larvae, bugs, beetles, water
fleas, copepods, nematodes, carnivorous plants, fungi, and other
rotifers. ("Rotifera", 2012; Brusca and Brusca, 2003).
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Rotifer trophi types

Malleate: Similar to the malleoramate type: fulcrum short, rami more or
less triangular or lyriform, in a straight angle with the fulcrum. The unci
plates have several teeth, but generally less than in the malleoramate type (4-
12 teeth), and the connection between the teeth is more strongly developed.
The manubria are provided with a shaft, which is typically fairly short (more
elongate in the submalleate trophi of Lecanidae and some Proalidae).

Malleoramate: Fulcrum short, rami more or less triangular, flat; unci teeth
numerous, occasionally resembling striations; manubria crescent-shaped,
without shaft.

Uncinate: Similar to the malleoramate type, but all trophi elements
except the unci strongly reduced. Unci teeth few (2-5 teeth per uncus),
elongate and curved supporting rods for the mastax. In Atrochidae and
Collothecidae

Virgate: Fulcrum elongate, rami bent towards dorsally, unci with few teeth
or reduced, and manubria mostly with elongate shafts. The virgate trophi
type is the most variable of all trophi types; occasionally it is asymmetrical
(e.g., Trichocerca). Virgate trophi occasionally consist of thin, hence hardly
discernable elements (e.g., many Synchaetidae).

Forcipate: Fulcrum mostly short, rami elongate, long pincers usually
armed with anterior and median teeth. Unci strong, but with a single or few
teeth only, dagger- or sword shaped. Manubria long, thin, often with
intramallei. In Dicranophoridae and Ituridae.

Incudate: Fulcrum short, rami elongate, pincer-shaped. Manubria and unci
stronglyreduced.InAsplanchnidae(Figure4).
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Figure 4. a. malleat type, b. malleoramate type, c. uncinate type, d.
virgate type, e. forcipate type, f. incudate type, un. unkus, ra. ramus, fu.
fulkrum, man. manibrium, al. alua, bul. bulla, in. intramallei, prepreunkal
(Koste 1974).

Preparation of the trophi structure of loricate rotifers for Scanning
Electron Microscopy (Sem):

e Assingle individual, identified from samples collected in the field and
containing 4% formaldehyde, is placed on a microscope slide,

e First take a photograph of the general shape of an individual that has
been taken on a microscope slide or make a note of some details,

o Wash the individual about 10 times with distilled water (distill 1 drop
on the individual and remove the water),

o Dividing a lamella measuring 18 x 18 mm into 4 equal parts,

o Place the washed specimen on a piece of the cover slip that has been
divided into 4 equal parts,

e The location of the individual should be marked and circled with a
glass pencil, and the part outside the circle should be coloured with a
glass pencil (the individual's SEM). The other parts are coloured to
make them easier to find in a scanning electron microscope).
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o Placement of the coverslip piece on the stap and gold plating (suitable
pieces of carbon paper were cut and glued to the stap, then a suitable
size lamella piece are placed on the prepared stap and placed in the
gold plating device).

e After gold-plating, the individual was located in the SEM and images
are taken at the desired angles and magnifications (after 30 seconds of
gold-plating, samples are placed in the holder and placed in the
electron microscope, images are taken after 15-20 minutes of
vacuuming),

e The recorded images were burned onto a CD storage medium.

Preparation of the trophi structure of semi-loricate or illoricate rotifers for
Scanning Electron Microscopy (Sem):

e A single individual, identified from samples collected in the field and
containing 4% formaldehyde, is placed on a microscope slide,

o First take a photograph of the general shape of an individual that has
been taken on a microscope slide or make a note of some details,

e Wash the individual about 10 times with distilled water (distill 1 drop
on the individual and remove the water),

¢ Dividing a lamella measuring 18 x 18 mm into 4 equal parts,

o Cover one of the coverslips, divided into 4 equal parts, by dropping a
drop of glycerine on a microscope slide (the glycerine allows the
structure of the trophies on the coverslip to be seen more clearly).

e The washed specimen is placed on a coverslip which is covered with
glycerol,

e Under the microscope, drop 1 drop of NaOCI (bleach) onto the
washed individual and wait for all parts of the individual to melt,
except for the trophi,

e Repeatedly wash the trophy structure with distilled water to remove
crystallisation from the individual whose other parts have melted,
leaving only the trophy structure.

o After washing is completed, use the capillary dissecting needle to
position the trophic structure as desired,

e The location of the trophy structure should be marked and circled with
a glass pencil. The area outside the circle should be coloured with a
glass pencil,

o Placing the cover slip on the stap and gold plating

o After gold-plating, the individual was located in the SEM and images
are taken at the desired angles and magnifications (after 30 seconds of
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gold-plating, samples are placed in the holder and placed in the
electron microscope, images are taken after 15-20 minutes of
vacuuming),

The recorded images were burned onto a CD storage medium (Bulut,
2014).
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Chapter 13

A Review For Ecotoxicological Assessment Of Microplastics in
Aquatic Ecosystems

Selin ERTURK GURKAN*

Abstract

Microplastics (MPs) can be found in nature in a wide range of shapes and
forms, leading to diverse distribution patterns. Their presence in both biotic and
abiotic sources is well-known, and the analysis of microplastics in these
environments is crucial for conducting risk assessments of this emerging
environmental pollutant. In this context, since the identification of MPs, their
abundance in nature, pathways of ingestion by living organisms, and potential
effects on organisms have been extensively researched and are still under
investigation. This study compiles some research evaluating the presence of MPs
in aquatic ecosystems (sea and freshwater) and aquatic organisms, as well as the
mechanisms of impact on living organisms. The hope is that this review will
contribute to more comprehensive and solution-oriented studies, allowing us to
monitor the ecological outcomes of microplastics more effectively.

Keywords: Microplastics, sea, freshwater, aquatic organisms

Introduction

It is a well-known fact that environmental pollution can lead to potential
adverse effects on the health of organisms through the imbalances it causes in the
ecosystem. Plastics have gained significant importance among pollutants with
their exponential increase in the production chain to meet the continuously
growing demands (Kunwar et al., 2016; Lombardo et al., 2022). Plastic is
typically composed of synthetic, high-molecular-weight organic polymers
resulting from the polymerization of derivatives of petroleum, gas, or coal.
Following the initial production of plastic materials, a range of plastic types
emerged that are lightweight, durable, malleable, and resistant to heat. Over time,
these plastic varieties have become fundamental factors in various industrial
sectors and the production chain (lvleva et al., 2017). Research addressing the
entry of plastic residues, especially into aquatic ecosystems, and discussing the
scale and scope of production efforts to increase the dimension of plastic usage
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has been available since the 1970s (Carpenter and Smith, 1972). Today, plastics
have become an integral part of modern life and a prominently consumed
material. To the extent that the global production quantity now exceeds 300
million tons annually (PlasticsEurope, 2015). The tragic part of the matter is that
approximately 50% of plastic products are used only once. After use, leaving
them as waste in the ecosystem results in a significant and inescapable burden of
waste (Waters et al., 2016; Galloway et al., 2017).

While the rate of plastic production in Europe has been restrained in the last
20 years, it has globally increased, reaching 311 million metric tons in 2014. This
figure includes only thermoplastics, thermosets, adhesives, coatings, and seals.
Unfortunately, 2014 data also indicates that only 69.2% of plastics are recycled
(29.7%) or energy recovered (39.5%) (PlasticsEurope, 2015). The remaining
plastic waste is transported to landfill sites, where some of it disperses through
physical factors such as wind and rain. Due to the long-lasting nature of plastic
degradation (Barnes et al., 2009), its accumulation in marine (Cole et al., 2011;
Costa et al., 2010; do Sul et al., 2014), freshwater (Dris et al., 2015; Eerkes-
Medrano et al., 2015), and terrestrial (Huerta Lwanga et al., 2016) ecosystems is
a scientific and public concern (lvleva et al., 2017).

At the international level, there is still no consensus on the definition and
classification of microplastics, often leading to the comparison of data in an
uncertain manner (Hartmann et al., 2019). Until now, the general consensus is
that the size of microplastics (MPs) is limited to a minimum of 1 micrometer
(Frias et al., 2018); however, there is still a debate about the maximum size that
can be considered for microplastics (Pittura et al., 2022). Although all sizes
smaller than 10 mm are generally considered as microplastics (MP) within plastic
waste (Graham and Thompson, 2009; Ryan et al., 2009; Browne et al., 2011),
Andrady (2011) defined microplastics (MPs) as plastics with a diameter of less
than 5 mm and the most commonly used definition of MP with a diameter of 1-5
mm, setting the upper limit at 5 mm (Barnes et al., 2009; Hidalgo-Ruz et al.,
2012; Cole et al., 2014; do Sul et al., 2014). To understand the pathways of
interaction of microplastics, it is crucial to comprehend the dynamism inherent in
their structure. As microplastics undergo continuous changes in size, shape, and
other characteristics over time, their biological status and accessibility will
likewise undergo corresponding variations. The prevailing consensus suggests
that microplastics primarily result from the abrasion of larger plastic waste over
time (Bergmann et al., 2015; Galloway et al., 2017). Microplastics are
categorized into primary and secondary microplastics. Primary microplastics
include those that are already produced in micro size in various forms, while
secondary microplastics encompass all microplastic particles formed in the
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environment as a result of the gradual breakdown of macro-sized plastics. This
process can occur in a variety of environments, ranging from marine and
freshwater ecosystems to terrestrial ecosystems (Andrady, 2011; Cole et al.,
2011; do Sul and Costa, 2014; Zhang et al., 2019), through various external
factors such as UV radiation, bacteria, or friction (Pittura et al., 2022).

According to Van Sebille et al., (2016), the primary sources of microplastics
are illegal waste discharge (plastic waste disposed of or inadequately managed in
the environment) and insufficient waste management. Jambeck and colleagues
(2015) claimed that 20 out of 192 countries with coastlines are responsible for
80% of the plastics dumped into the world's oceans. Sixteen of these 20 countries,
such as China, Indonesia, and the Philippines, are low to upper-middle-income
countries experiencing rapid economic growth but struggling with poorly
organized waste management (Prokic¢ et al., 2019).

While the full extent of the impact of microplastics (MP) on public health is
not yet fully understood, there is a substantial body of research and an increasing
number of reports documenting the negative effects of MPs on marine and
freshwater biota. This study compiles research that evaluates the potential
adverse effects of the presence of microplastics on organisms in aquatic
ecosystems to date.

Abundance of Microplastics in Aquatic Environment

Microplastics can float or settle to the bottom depending on the type of
polymer they contain. This explains their presence in both the water surface,
water column, and sediment (Anderson et al., 2016; Smith et al., 2018; Choi et
al., 2020). Additionally, they possess surface characteristics that facilitate easy
binding of chemical pollutants; especially due to the high content of hydrophobic
materials in their structure, they can act as carriers, particularly for hydrophobic
pollutants (Cole et al., 2011; Prokic¢ et al., 2019). In this way, they can enhance
the adverse effects of different chemicals in the environment. Among the factors
that significantly determine the absorption capacity of microplastics for chemical
substances are physicochemical properties such as chemical content, color,
surface shape, and size (Prokic¢ et al., 2019). Therefore, in an aquatic ecosystem,
microplastics can exist on their own, but they can also act like a toxic cocktail by
carrying organic matter and chemical pollutants or accumulating bacteria (Zhang
etal., 2017; Tang et al., 2018).

The primary sources of microplastic entry into aquatic ecosystems are
industrial or domestic discharges, but they can also enter the ecosystem in
significant amounts through cosmetics, cleaning products, and other components
(Oliveira et al., 2013; da Costa et al., 2016; Auta et al., 2017; Frias and Nash,
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2019; Hamed et al., 2022). For instance, much of the equipment used in
aquaculture facilities is still made of plastic polymers (Huntington, 2019).
Moreover, significant amounts of plastic and non-plastic materials can naturally
enter aquatic ecosystems during aquaculture activities through accidental
abandonment, loss, or indiscriminate disposal (Lusher et al., 2017; Sandra et al.,
2019). Considering that plastic waste resulting from aquaculture activities in
Europe could range from 5,933 to 19,622 tons per year (Viool et al., 2018), the
severity of the situation becomes evident. In addition to the presence of plastics
in sediments resulting from aquaculture activities (Kriger et al., 2020), it has
been observed that fish in aquaculture areas have higher rates of plastic ingestion
compared to offshore (Ory et al., 2018; Savoca et al., 2021).

The first investigations into the presence of microplastics and the pollution
they cause date back to the 1970s (Carpenter and Smith, 1972; Carpenter et al.,
1972). Only a few study reports on plastic pollution at this small particle size
were published initially, and subsequently, very few similar studies were
conducted (Gregory, 1977, 1978; Shiber, 1979; Ryan, 1988; Khordagui and Abu-
Hilal, 1994; Shaw and Day, 1994). As we entered the 2000s, findings of resurging
plastic pollution made it a significant research topic up to the present day (Moore
etal., 20014, b, 2002). Indeed, during this period, a 22-year monitoring study was
conducted in the North Atlantic (Law et al., 2010). Research on the detection of
microplastic pollution and its presence in aquatic systems has predominantly
focused on marine ecosystems (Table 1). In these studies, it has been revealed
that microplastics are commonly found in water, sediment, and biota.
Considering the potential threat of microplastics to the continuity and health of
marine ecosystems, every piece of information gained regarding the abundance
and quantity of microplastics in marine systems is crucial (Zhang et al., 2019).

Table 1. Studies on the presence of microplastics in aquatic ecosystems

Reference Region Sampling type MPs type
Marine environment
Galil et al., 1995 Mediterranean Sea Sediment Plastic litter
Galgani et al., 1995 Mediterranean Sea Sediment Plastic debris
Stefatos et al., 1999 Greek Gulfs Sediment Plastic debris
Galgani et al., 2000 European Seas Sediment Plastic litter
Aliani & Molcard, L . Plastic bags, plastic
2003 Ligurian Sea Biota debris
Katsanevakis & . . . .
M Pl
Katsarou, 2004 editerranean Sea Sediment astic debris
Tonay et al., 2007 Black Sea Biota Plastic debris
Ak ianaki et al. . . -
Zoocéumlana tetal, Saronikos Gulf Biota Plastic litter
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Koutsodendris et al.,
2008

Graham & Thompson,
2009

Galimany et al., 2009
Boerger et al., 2010
Topgu & Oztiirk, 2010
Murray & Cowie,
2011

Ramos et al., 2012
Ramirez-Llodra et al.,
2013

Anastasopoulou et al.,
2013

Sanchez et al., 2013
Collignon et al., 2014
Pham et al., 2014

Van Cauwenberghe &
Janssen, 2014

Eryasar et al., 2014

Bellas et al., 2016

Remy et al., 2015
Collard et al., 2015
Romeo et al., 2015,
2016

Battaglia et al., 2016
Suaria et al., 2016
Fastelli et al., 2016
Nadal et al., 2016
Rummel et al., 2016
Cartes et al., 2016

Gusmado et al., 2016
Giindogdu, 2017
Guerranti et al., 2017
Cannas et al., 2017
Giiven et al., 2017

Karlsson et al., 2017
Avio et al., 2017
Morgana et al., 2018
Xuetal., 2018

Baini et al., 2018
Hipfner et al., 2018

Greek Gulfs

Florida

Mediterranean Sea
Pacific
Black Sea

Clyde Sea
Brasil

Mediterranean Sea

lonian Sea

Mediterranean Sea
Corsica
European Seas

North Sea

Mersin-Turkey

Mediterranean Sea

Corsica
Atlantic
Mediterranean Sea

Mediterranean Sea
Tyrrhenian Sea
Tyrrhenian Sea
Balearic Basin

North & Baltic Sea
Balearic Basin

Atlantic
Iskenderun Bay
Tyrrhenian Sea
Tyrrhenian Sea

Mediterranean Sea

North Sea
Tyrrhenian Sea
Arctic Ocean
East China Sea
Tyrrhenian Sea
Pacific Ocean
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Sediment

Biota

Biota
Biota
Sediment

Biota
Biota

Sediment

Biota

Sediment
Biota
Sediment

Biota

Sea water-
Sediment

Biota

Biota
Biota

Biota

Biota
Sea water
Sediment

Biota

Biota

Biota

Biota
Sediment
Sediment
Sediment

Biota

Sediment-Biota
Biota
Sea water-biota
Sea water
Sea water
Biota

Plastic litter

Plastic fragments

Fiberglass
Plastic fragments
Plastic litter

Plastic strands
Nylon fragment
Plastic litter

Plastic fragments,
Textile fibers
Plastic litter
Filament, PS, film
Plastic litter

Fibre- and particle-
shaped

Plastic debris

Different types of
MPs

Cellulose fibers
PP

Plastic debris

Plastic debris
Synthetic polymers
Plastic litter
Filament

PE

Trawl nets
fragment
Microfiber
Fragment

Plastic litter
Plastic litter
Fibers, hard plastic
nylon, rubber

PE, PP, PS

PP lines, PS

PE, PP, PVC, PS
PVC

PE, PP
Microfibres
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Digka et al., 2018

Cincinelli et al., 2019
Caldwell et al., 2019

Mohsen et al., 2019

Renzi et al., 2019
Valente et al., 2019
Bottari et al., 2019
Dogruyol et al., 2019
Giani et al., 2019
Mancuso et al., 2019
Cauetal., 2019

Yabanli et al., 2019

Zhang et al., 2019
Erni-Cassola et al.,
2019

Savoca et al., 2019,
2020

Mistri et al., 2020
Gedik & Eryasar,
2020

Piazzolla et al., 2020
Missawi et al., 2020
Capillo et al., 2020

Gilindogdu et al., 2020

Sbrana et al., 2020
Coyle et al., 2020
Hidalgo-Ruz et al.,
2020

Yozukmaz et al., 2021

Vecchi et al., 2021
Erkan et al., 2021

Cullu et al., 2021
Wang et al., 2021

Ben Ismail et al., 2022
Capparelli et al., 2022
Acar et al., 2022
Lombardo et al., 2022

Mediterranean Sea

Mediterranean Sea
Tyrrhenian Sea

Yellow Sea

Salina Island
Tyrrhenian Sea
Tyrrhenian Sea

Golden Horn Estuary
Tyrrhenian Sea
Tyrrhenian Sea
Tyrrhenian Sea

Aegean-
Mediterranean
China Sea

Meta-analysis
Tyrrhenian Sea

Tyrrhenian Sea
Mediterranean Sea

Tyrrhenian Sea
Tyrrhenian Sea
Tyrrhenian Sea

Turkish coasts
Tyrrhenian Sea

Review

Marmara Sea

Aegean Sea

Tyrrhenian Sea
Marmara Sea

Marmara Sea
Review
Tyrrhenian Sea
Gulf of Mexico
Canakkale Strait
Eivissa
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Biota

Sea water
Sea water

Sediment-Biota

Sediment-Biota
Biota
Biota

Sediment
Biota
Biota
Biota

Sediment

Biota
Sea water

Sea water- Biota

Sediment
Biota

Sediment
Sediment-Biota
Biota

Biota

Biota
Biota
Sediment

Sea water-Biota

Biota

Sediment

Sea water
Sea water
Biota
Sediment-Biota
Biota
Biota

PE, PP, PVC, PS,
PET

Plastic debris
fragment, film,
lines

Polyester, PE, PP,
PVA

Plastic litter
Marine litter
Fibers

Plastic debris
Fibers

Black Fibers
fragment, films,
pellet

Fragment

Fibers, Polyester

Nylon 66

Filaments
PET, PE, PP

Microlitter
PE
Synthetic
microfibers
PP, PE, PET,
polyester

PE, PP, PS

PS

Fiber, fragment,
film

Fiber, fragment,
film

PE, PP, PET, PVC,
PA, PS

PE

PE, PP, PS, PVA
Fiber, fragment
Filament

Fiber, fragments



Kilig et al., 2022
Sener & Yabanl,
2023

Ergiin et al., 2023

Iskenderun Bay
Aegean Sea

Aegean Sea-Persian
Gulf

Biota

Sediment

Biota

Freshwater environment

PE, PA, Polyester
PP, PE, PVC, PS,
polyester

Microlitter

Zbyszewski &
Corcoran, 2011
Moore at al., 2011
Alencastro, 2012
Eriksen et al., 2013
Lechner et al., 2014
Yonkos et al., 2014

Free et al., 2014
Castafieda et al., 2014
Rech et al., 2014
Klein et al., 2015
Faure et al., 2015
Mani et al., 2015
Imhof et al., 2016

Peng et al., 2017
Schmid et al., 2018
Acar &Ates, 2018
Comakli et al., 2020
Turhan, 2021

Atici et al., 2021
Almas et al., 2022
Gedik & Atasaral,
2022

Yiicel & Kilig, 2022
Giindogdu et al., 2023

Great Lakes, Canada

California rivers
Lake Geneva
Great Lakes, USA
Danube
Chesapeake Bay,
USA
Lake Hovsgol
St. Lawrence River
Chilean Rivers
Rhine-Main
Swiss lakes
Rhine River
Lake Garda

Changjiang Estuary
Amazon River
Canakkale Strait
Erzurum Crater Lake

Siirgli Dam Reservoir

Lake Van
Susurluk Basin

Turkish Lakes

Seyhan River
Munzur-Piliimiir
River

Freshwater

Freshwater
Freshwater
Sediment
Freshwater

Freshwater

Sediment
Sediment
Sediment
Sediment
Sediment
Freshwater
Sediment

Sediment
Biota
Biota

Freshwater
Water-Sediment-
Biota
Biota
Sediment

Sediment-Biota
Biota

Sediment

Pellets, fragment,
PS

Plastic debris
Pellets, PS, fiber
Plastic debris
Plastic litter

Plastic debris

Plastic debris
Microbeads
Plastic litter, PS
PE, PP, PS, PA
PE, PP, PS
Plastic debris
PE, PP, PS, PVC,
PA

Fiber

Pellet

Fiber

PP, PE

PET, PP

PE, PP
Fiber

PET
Fiber
PE, PS, PP

PE: Polyethylene, PP: Polypropylene, PS: Polystyrene, PVC: Polyvinyl
chloride, PV: Polyvinyl, PA: Polyamide, PVA: Polyvinyl acetate, PET:

Polyethylene terephthalate

The Effects of Microplastics on Aquatic Organisms

The environmental burden of microplastics is influenced not only by
anthropogenic sources but also by environmental factors (Eerkes-Medrano et al.,
2015; Aliko et al., 2022; Multisanti et al., 2022). However, the primary pathways
for the entry of microplastics into aquatic ecosystems, especially freshwater
systems, are poorly filtered surface waters and poorly managed wastewater (Free
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et al., 2014). The most crucial factors determining the fate of microplastics
entering aquatic environments are their density; depending on microplastic
density, they will either remain suspended in the water column or sink to the
bottom. In either case, they will be ingested by non-target organisms that perceive
them as prey (Wang et al., 2021).

The size range of microplastics allows them to be consumed by almost every
aquatic organism with different feeding habits and even at different trophic levels.
Therefore, microplastics can enter the food chain and accumulate at higher
trophic levels (Cole et al., 2013; Imhof et al., 2013; Wright et al., 2013b). The
impact of microplastics on aquatic organisms can be expressed in three steps: (1)
damage to the digestive system or hindrance of nutrient intake, (2) incorporation
of these particles into tissues, and (3) transportation of other potential pollutants
that may be present with microplastics (Cole et al., 2011). Modern plastics are
typically structured as polymers, with a complex composition that can include
chemical additives as well as bacteria and organic matter. The transfer of these
substances to animal tissues allows various potentially harmful plastic additives
and chemicals transported by persistent water to penetrate tissues. These
substances can intervene in metabolic processes by facilitating signal
transmission activation in tissues (Galloway, 2015; Koelmans et al., 2016;
Galloway et al., 2017). Of course, at this point, the damage that microplastic
pollution can cause in aquatic organisms will vary depending on the plastic
uptake mechanism, excretion rate, and individual digestive physiology
(Hakanson, 1984; Hamed et al., 2022). The uptake of microplastics (MPs) by
organisms in aquatic ecosystems can occur either directly or indirectly (Nelms et
al., 2018). Direct ingestion may occur randomly, as seen in filter-feeding
organisms, or it can happen when plastics are mistakenly consumed as food.
Indirect plastic intake can progress through the transfer of MPs along food webs.
Some studies have shown that the intestines of juvenile fish contain a higher
concentration of plastics compared to adults, which could be associated with a
greater risk (Kiihn and van Franeker, 2012; Proki¢ et al., 2019).

In the early studies assessing the effects of microplastics on aquatic organisms,
it was reported that more than 690 marine species were affected by marine litter
(Gall and Thompson, 2015), with substantial amounts of microplastics found in
some of these species (Murray and Cowie, 2011; Lusher et al., 2013). However,
researchers later shifted their focus from identifying the presence of microplastics
in animals to determining the physiological and health impacts of microplastic
digestion (Rochman et al., 2013; Wright et al., 2013a; Cole et al., 2013, 2014;
Peda et al., 2016; Alomar et al., 2017, 2021; Wieczorek et al., 2018; Berglund et
al., 2019; detailed in Haegerbaeumer et al., 2019; Hara et al., 2020; Solomando
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et al., 2020; Rios-Fuster et al., 2021). When de Sa et al. (2018) examined field
and laboratory studies on the impact of microplastics (MPs), they noted that fish
were the most extensively studied group, accounting for 44%, followed by
crustaceans (21%), mollusks (14%), and annelids (6%). Some studies about
effects of MPs on aquatic invertebrates and vertebrates were presented in Table
2 and 3.

The effects of microplastics (MPs) on organisms, like other environmental
pollutants, will certainly yield speculative results when directly assessed at the
ecosystem level (Galloway et al., 2017). However, this impact is a concern that
cannot be ignored. Behavioral changes, physiological alterations, and ecological
processes are significant links in individuals' responses to any situation, serving
as indicators of the same system. Understanding the ecological impact of MPs
involves observing how individuals' behaviors, such as predator-prey
relationships, feeding strategies/habits, digging, and guidance, are altered (Weis,

2014).

Table 2. in vitro Studies about MPs effect on aquatic invertebrates

Reference Organisms MPs type The effects
Browne et al., 2008  Mytilus edulis florescence- Translocation in
labeled PS hemolymph

Von Moos et al.,, M. edulis PE Cellular damage

2012

Coleetal., 2013 Zooplankton PS spheres Uptake of MPs

Wright et al., 2013a  Arenicola morina PVvC Energy reserves

Leeetal., 2013 Tigriopus japonicus PS Toxicity

Farrell and Nelson, M. edulis Florescent PS Trophic transfer of

2013 Carcinus maenas MPs

Kaposi et al., 2013 Tripneustes gratilla PE Growth

Héamer et al., 2014 Idotea emarginata Microbeads Digestive system

Cole etal., 2015 Calanus helgolandicus ~ PS Feeding, function,
fecundity

Wats et al., 2015 C. maenas PP Food consumption,
Energy balance

Cole and Galloway, Crassostrea gigas PS Larval feeding-growth

2015

Jeong et al., 2016 Brachionus koreanus PS microbeads Toxicity, oxidative
stress

Paul-Pont et al., Muytilus spp. PS Toxicity

2016

Rist et al., 2016 Perna viridis PVC Survival

Ogonowski et al., Daphnia magna Fluorescent Survival

2016 microbeads

Welden & Cowie, Nephrops norvegicus PP Gut morphology

2016
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Green, 2016
Sussarellu et al.,
2016

Blarer and
Burkhardt-Holm,
2016

Setéli et al., 2016

Ribeiro et al., 2017

Santana et al., 2017
Magara et al., 2018

Tang et al., 2018

Revel et al., 2019
Choi et al., 2020

Katsumiti et al.,
2021
Liu et al., 2022

Alomar et al., 2022

Gonzalez-Soto et
al., 2022
Porter et al., 2022

Ostrea edulis
Pacific oyster

Gammarus fossarum

Mytilus trossulus
Gammarus spp.
Mysid shrimps
Scrobicularia plana

Perna perna
M. edulis

Pocillopora damicornis

Mytilus spp.
Tigriopus japonicus

Mytilus
galloprovincialis
Apostichopus japonicus

Sparus aurata
M.galloprovincialis
M.galloprovincialis

Hediste diversicolor

PP

PS

PA

Ps beads

PS

PVC
PE

PS

PE, PP

PS

PS

PS

PE, PP

PS beads
PA

Respiration-Filtration
rates
Oocyte morphology

Digestive system

MPs uptake

Oxidative
Genotoxicity
Digestive system
Oxidative
response
Toxicity,
stress,
responses
Tissue damage
Toxicity,  Oxidative
stress

Cell viability, Toxicity

stres,

stress

Oxidative
Molecular

Growth performance,
immune response
Growth performance,
Food consumption
Enzyme activity

DNA damage

MPs uptake

PE: Polyethylene, PP: Polypropylene, PS: Polystyrene, PVC: Polyvinyl
chloride, PV: Polyvinyl, PA: Polyamide, PVA: Polyvinyl acetate, PET:
Polyethylene terephthalate

Table 3. in vitro Studies about MPs effect on aquatic vertebrates

Reference Organisms MPs type The effects
Katsanevakis et al., Serranus hepatus Nylon line MPs uptake
2007 Gobius geniporus
Cedervall et al., 2012  Salmo salar PS Behaviour
Carassius carassius metabolism
Oliveira et al., 2013 Pomatoschistus microps  Pyrene Oxidative stress
Avio et al., 2015 Mugil cephalus PE, PS MPs ingestion
Mazurais et al., 2015  Dicentrarchus labrax PE Mortality rates,
Growth
Mattsson et al., 2015  Daphnia magna PS Behaviour
C. carassius metabolism
Greven et al., 2016 Pimephales promelas PS, PC Immune system
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Peda et al., 2016 D. labrax PVC Digestive system
Khan et al., 2017 Oncorhynchus mykiss PE Digestive system
Espinosaetal., 2018  D. labrax PVC, PE Immune system
Sparus aurata
Ding et al., 2018 Oreochromis niloticus PS Toxicity
Espinosa et al., 2019 D. labrax PE Oxidative stress
Pannetier et al., 2019  Fish cell line PE, PP Toxicity
Roch et al., 2020 O. mykiss PE, PP, PET,PS,  MPs uptake
Thymallus thymallus PVC
C. carassius
Cyprinus carpio
Ahrendt et al., 2020 Girella laevifrons PS Immune system
Huang et al., 2020 Poecilia reticulata PS Growth, Immune
system
Batel et al., 2020 Danio rerio PE Toxicity, Oxidative
stress
Zwollo et al., 2021 O. mykiss PS B cell development
Norland et al., 2021 Clupea harengus PS, PE Digestive system
Rios-Fuster et al., S.aurata PE Physiology,
2021 Behaviour
Kaloyianni et al., D.rerio PS Toxicity
2021 Perca fluviatilis
Bunge et al., 2021 Gasterosteus acuelatus Fibers Growth
Salimi et al., 2022 not reached PVC Toxicity
Hasegawa et al., 2022 Myoxocephalus brandti ~ PE Trophic transfer
Solomando et al., Seriola dumerili Fibers Oxidative stress
2022 Fragment
Ito et al., 2022 Pagrus major PE Digestive system
Fundulus heteroclitus
Seeley et al., 2023 Spartina alterniflora PS Mortality rate
Bohackova et al., O. mykiss PET, PVC Cell lines
2023
Hollerova et al., 2023 O. mykiss PS Oxidative stress
Chen et al., 2023 D. rerio Fibers Digestive system
McCormick et al., Acanthochromis DEHP, Toxicity
2023 polyacanthus DEHT
Mtega et al., 2023 O. niloticus PE, PP, PVC, Toxicity
PET
Zhang et al., 2023 D. rerio PA, PS Growth, Immune
System
Kim et al., 2023 Carassius auratus Microfiber Antioxidant
responses

PE: Polyethylene, PP: Polypropylene, PS: Polystyrene, PVC: Polyvinyl
chloride, PV: Polyvinyl, PA: Polyamide, PVA: Polyvinyl acetate, PET:
Polyethylene terephthalate, PC: Polycarbonate, DEHP: di-2-ethylhexyl phytalate,
DEHT: di-2-ethylhexyl terephytalate
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Predictions on the Fate of Microplastics

The presence of microplastics has led to a series of studies, especially focusing
on the status, distribution, and quantity of these particles in aquatic ecosystems.
Currently, ongoing research is gaining significant momentum in assessing how
and to what extent microplastics enter aquatic organisms, and even in evaluating
the adverse effects of these particles on living organisms. Particularly, data
obtained from living organisms can provide fundamental information to assess
the spatial and temporal presence of microplastics in the environment and even
their potential impacts on marine ecosystems. However, at this point, it is crucial
to monitor and evaluate microplastic pollution with a more comprehensive
perspective that includes not only possible physiological, toxicological, or
genetic effects on bioindicator species but also abiotic factors.

One of the fundamental issues that may create a contradiction is whether
microplastics can be evaluated just like other environmental pollutants. Measures
taken for other environmental pollutants generally involve restricting their use,
and most of the time, these measures are sufficient. However, achieving control
over microplastics, independent of their different surface area compared to other
pollutants, organic matter, and even bacteria, does not seem feasible (Diamond et
al., 2015; Galloway et al., 2017). With all these features, microplastics continue
to enter ecosystems as a continuous anthropogenic agent on a global scale.

Efforts to prevent global microplastic pollution should be based on various
strategies, including international cooperation, policy regulations, industry
standards, and increasing awareness among consumers. For example, global
agreements and protocols can be developed, participation in these agreements can
be encouraged, and international standards can be established. Stricter standards
and regulations should be set for plastic manufacturers and other industries. These
standards should focus on reducing microplastic production and making plastic
products more environmentally friendly. It is essential to encourage the use of
environmentally friendly materials instead of plastic. The development and use
of biodegradable materials and plastic alternatives should be supported. Efforts
should be made to target the reduction of plastic waste by creating more effective
recycling systems. Strategies based on circular economy principles should be
developed to promote the use and recycling of products throughout their lifecycle.
Measures should be taken to improve water treatment facilities and wastewater
discharge standards to prevent microplastic pollution in seas and water sources.
Detection and cleaning technologies for plastics should be developed to increase
the capacity to monitor and remove microplastics in water systems and oceans.
Raising awareness among communities about microplastic pollution is crucial.
Through educational campaigns and awareness activities, individuals,
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consumers, and businesses can become more conscious of microplastic pollution.
Financial support and incentive mechanisms should be established to encourage
the transition to environmentally friendly technologies and business models. This
can facilitate the transition to eco-friendly practices and promote sustainable
solutions.

These recommendations aim to adopt a global approach to combating
microplastic pollution. Without coordination and collaboration on a global level,
finding effective solutions to microplastic pollution can be challenging.
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Chapter 14

A Research On The Physical Conditions And Problems Of Bursa-
Yenisehir District Dairy Cattle Farms Regarding Business Buildings

Serhat AYAS1!

Summary

In this research, in the 1997, the status of Bursa-Yenigehir dairy cattle farms
structures and their problems have been observed, the possibility of their
improvement considering the characteristic of the region has been searched, the
most suitable dairy cattle barns for this region has been investigated. According
to the results obtained from the observation, determined some faults in the
arrangement of the buildings in the farmyard. The majority of the barns were far
from supplying the modern structural rules and the environmental requirements
of the animals. It was concluded that the barns, which were planned as free loose
barn were not appropriately used during the production period because of the
deficiencies and the traditional habits made when they were planning. The types
of the free-stall and free-loose barns, which were more suitable when compared
to tied-stall barns, were suggest to the farmers for this region.

Keywords: Dairy cattle barns; Tied-stall barns; Free-stall barns; Free-loose
barns; Barn types

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 agribusinesses.
Apart from this problem, although animal products have a significant 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 animal businesses, the
inadequacy of modern tools and machines, unwillingness to cooperate, and
inadequate animal improvement activities.

1 yenisehir 1.0. College, Uludag University, 16900 Yenisehir/Bursa, Turkey
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Foodstuffs of animal origin in human life are crucial in balanced nutrition.
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 countries 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 negatively 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 agricultural 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 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 preparation 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 layout of
dairy cattle farming businesses in the Bursa-Yenisehir district. For this purpose,
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17 barns in 9 dairy cattle agribusinesses representing the agribusinesses 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?. 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. Summers 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 “Yenigehir
District Directorate of Agriculture” and the “Yenisehir Milk Businesses
Association”. In the selected 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 interviewing 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 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 passageways,
evaluated barn dimensions, building materials, and the dimensions of the various
building elements, and determined problems. It has been investigated 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,
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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 agribusinesses was
dairy cattle farming.

Tablo 1. 1997 year Bursa province climate data

Meteorolo MOUNTS
gical Data

Ave. 5. 6. 8 12 17 21 24 23 19 15 11 7. 14
Temp. 2 0 0 6 4 6 2 9 7 4 3 5 4
O

Ave.High] 9. 10 13 18 23 28 30 30 26 22 16 11 20
Temp. 2 5 4 g1 .6 .0 .6 9 9 i 7 4 2
0
Ave. Low | 1. 2. 3. 7. 11 14 16 16 13 10 7. 3. 90
Temp. 7 1 4 0 2 4 v T 3 .0 0 9

(°C)
Highest 23 26 32 36 37 40 41 42 40 35 31 26 42,
Temp. 8 1 5 2 .0 5 3 .6 1 4 0 5 6
(°C)
Lowest - - - - 0. 4. 8. 7. 3. - - - -
Temp. 20. 25. 87 42 8 0 3 6 3 10 84 17. 25
(°C) 5 7 9 7
Ave.Rel. | 76 74 72 70 70 63 59 60 66 72 76 75 69
Hum (%) 0
Highest 81 80 8 8 8 76 72 75 8 8 8 81 80.
Rel. 0
Humidity
(%)
Ave. 9% 83 73 59 52 30 26 17 41 57 75 99 713
Precip. 5 9 .0 .0 .6 2 .8 .0 T A 3 4 A
(mm)

Ave Wind | 3. 3. 2. 2. 2. 2. 2. 2. 2. 2. 2. 3. 27
Velocity 4 3 9 4 0 3 9 8 4 0 3 2

(m/s)

Ave. 3. 2. 0. O - - - - - - 0. 0. 7.7
Snowy 1 5 9 2 1 9

Days
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Depth of 0. 0. 0. 0. - - - - - - 0. 0. 0.8
Snow 8 5 19 1 33 35
Cover

Water supplied from the city network was used as a water resource in
agribusinesses. 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 given 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.
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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 examined
were given in Figures 4 and 5. While only 4 of the barns had natural lighting
systems, the others had natural and artificial lighting systems together. 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 artificial 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.
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Figure 4. and Figure 5. Ventilation areas and ventilation windows in the
barns
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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 35.3
21-30 1 5.9
Total 19 100.0

Findings of the physical conditions of the barns
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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 barns % Barn length (m) Number of barns %
(mm)
6-9 11 64.7 13-15 4 235
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 59 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 measured 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 between 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 %
2.0-25 2 154
2.5-3.0 8 61.5
3.0-35 2 154
3.5-4.0 1 1.7
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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 places
of the free-loose barns varied between 128-300 m? and the areas per cattle varied
between 8.4-30.0 m2. 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 m2. 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
Figure 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.
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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 collected
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.

248



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 blockage
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 briquette 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 insufficiency
of the air intake holes and exit openings required for natural ventilation in most
barns could not provide the barn’s desired level of air exchange. Arici 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 (Ave,
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
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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 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. Aric 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 (Anonymous 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; Aric1 et al., 2010; Yilmaz and Yardimei,
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. Arici et al. (2010) stated that usually 50% of dairy
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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 (Aric1 et al., 2010;
Yiiksel and Sisman, 2015).

Barn Building Elements

All of the barns had foundations, but the basic wall width was insufficient. 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. Kihg 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 (Géncii 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 rectangular 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
environmental conditions desired by the animals due to various planning faults
and lack of information. In terms of economic management, planning of dairy
cattle 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 recommended than the other
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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 (Cayh, 2006; Karabacak and Topak, 2007; Kocaman, 2008; Alkan
2015; Sirin ve Kocaman, 2016; Kur¢ 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

Bus | Ba | Feeder Dimension (m) Stall Dimension Manure Channel Ser | Fe
ines | (m) Dimension (m) vic | ede
SNo | Ty | Wi | Fe | Fe | Feed | Wi | Le | Bas | Wi | De | Ser | Sl e r
pe | dth | ede | ede er dth | ngt e dth | pth | vic | op | Ro | Ro
(m r r Thic | (m h Mat | (m | to e e ad ad
) |Hei| He | knes | ) | (m) | erial | ) |the | Ro | (% | (m) | (m)
ght | igh | s(m) S Sta | ad )
(m) | t I | (m)
(m) Si
de
1 Sst| 0 |06|03|010| 1. |19 | Con| O. | 0. | 09| 0. ]| 09 ] 09
all | 75 2 0 85 0 cret | 95 | 05 5 5 5 5
Ba e
m
2 Sst| 0 |04(03]010| 1. |18 | Con| 0. | O - 0. - 1.0
all [ 50 | O 5 85 0 cret | 50 | 10 0 0
Ba e
m
3 st| 0 0502|010 1. | 21| Con | - - 08| 1. | 0.8 -
all | 50 0 5 65 0 cret 0 0 0
Ba e
m
4 st| 0 |07|04(015| 1. | 20| Con | O. | O. | 06| 0. | 06 | 1.0
all | 65 | O 0 10 0 cret | 60 | 05 0 5 0 0
Ba e
m
5 Fr | 0. | 05| 0.3 | 0.03 - - Con| 0. | O | 06| 0. | 06| 06
ee | 50 0 0 cret | 60 | 05 0 5 0 0
Lo e
0s
e
Ba
m
6 Sst| 0 |07(02]010| 1. |25 Con| 1. | 0. 30| 0.]|20] 17
all | 60 | 5 5 50 0 cret | 00 | 15 0 5 0 0
Ba e
m
7 St| 0. |06|04(010| 2 |15 Con| 1. | 0. | 10| 1.| 10| 09
all | 60 | O 5 00 0 cret | 00 | 05 0 5 0 5
Ba e
m
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8 St| 0 (0201|010 1. 15| Con | O 0. | 13 13| 0.9
all | 60 0 0 20 0 cret | 35 | 05 5 5 5
Ba e
m

9 Fr | 0. | 0.8 | 0.3 | 0.15 - - Soil | 1. 0. | 11 1.1 09
ee | 70 0 0 10 | 10 0 0 0
Lo
0s
e
Ba
m

10 St| 0 |06]|03| 010| 1. | 18| Con | O. 0. | 0.9 09 | 05
all | 60 5 5 70 0 cret | 90 | 10 0 0 0
Ba e
m

11 Fr | 0. | 09| 0.6 | 0.15 - - Soil | 0. 0. | 0.8 0.8 -
ee | 50 0 0 80 | 15 0 0
Lo
0s
e
Ba
m

12 St 0 |07]|04| 010| 1. | 25| Con | O. 0. | 0.6 06 | 0.9
all | 75 0 5 50 0 cret | 55 | 05 0 0 0
Ba e
m

13 St| 0 [08]02|010]| 2. | 22| Con | O 0. - - -
all | 60 5 5 00 0 cret | 40 | 08
Ba e
m

14 St|] 0 |05]02| 015 | 1. | 20| Con | O. 0. | 0.8 0.8 | 0.9
all | 70 0 5 20 0 cret | 80 | 10 0 0 0
Ba e
m

15 Fr | 0. | 0.1 ] 0.1 - 1. | 20| Con | 1. 0. | 17 1.7 | 0.9
ee | 60 0 0 00 0 cret | 70 | 05 0 0 0
St e
all
Ba
m

16 St| 0 |08]|02| 010| 1. | 20| Con | O. 0. | 20 20| 1.0
all | 70 5 5 10 0 cret | 36 | 10 0 0 0
Ba e

m
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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

Busin | Bar | Num | Bar | Barn | Barn Window The Door
ess n ber of n Leng | Heig | Dimension | height | Dimensions Local
No Typ | Milch | Wid th ht (mm) of (mm)
e Cows | th (m) (m) | Wid | Heig | Windo | Wid | Heig
(m) th ht ws th ht
(m) | (m) | form | (m) | (m)
the
Groun
d

1 Stal 11 8.0 13 35 | 08 | 040 145 | 1.20 | 1.85 Ayaz

Bar

2 Stal 10 7.0 13 4.0 09 | 045 170 | 1.40 | 2.10 | Osmani

| ye
Bar

3 Stal 14 6.5 20 40 | 09 | 065 | 1.00 | 1.00 | 1.70 | Karako

I y
Bar

4 Stal 13 8.5 24 5.0 1.6 | 0.60 2.00 | 2.00 | 2.00 | Karakd

l y
Bar
n
5 Free 7 9.0 17 4.0 - - - - - Karaca
Loo ali
se
Bar

6 Stal 10 9.5 20 50 | 09 | 075 | 200 | 200 | 3.00 | Hayriye

Bar

7 Stal 11 8.5 30 4.0 0.8 | 0.50 165 | 260 | 1.90 | Avsar

Bar

8 Stal 10 10.0 | 30 55 15 | 045 1.70 | 2,50 | 2.10 | Karasil

Bar
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9 Free 20 10.0 30 55 - - - - - Karasil
Loo
se
Bar
n
10 Stal 10 75 20 4.0 1.0 | 0.60 1.75 250 | 2.75 | Karasil
|
Bar
n
11 Free 9 8.0 16 4.0 - - - - - Merkez
Loo
se
Bar
n
12 Stal 9 8.5 25 45 0.9 | 0.90 2.50 1.50 | 2.00 | Osmani
| ye
Bar
n
13 Stal 14 9.5 32 45 3.0 | 0.50 2.00 1.60 | 2.00 | Merkez
|
Bar
n
14 Stal 8 7.7 15 35 1.1 | 0.80 1.20 1.10 | 2.00 | Merkez
|
Bar
n
15 Free 26 24.0 26 6.0 - - - 4.00 | 3.00 | Cardak
Stal koy
|
Bar
n
16 Stal 10 8.0 26 4.3 1.0 | 0.50 0.50 3.30 | 2.00 | Cihadiy
| e
Bar
n
17 Stal 9 8.5 15 45 0.9 | 0.50 0.50 150 | 2.00 | Mentes
| e
Bar
n
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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 conditions 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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Chapter 15
Nutritional Value Of Fish
Sinan OZCAN*

Abstract

Fish is a food composed of water, protein, fat, vitamins and minerals. It is
rich in vitamins and minerals such as lodine, Vitamin D, Calcium, Phosphorus,
Potassium, Selenium and Folic acid and Omega Fatty acids, which are essential
for the body. AIll nutrients it contains, including protein, have high
bioavailability. With this content, fish is a functional food. The omega-3 fatty
acids Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) found in
fish are very useful in the prevention and treatment of diseases that affect
human health, such as heart disease, cancer, diabetes and high blood pressure.
In addition, when compared to farm animal meat in terms of nutritional value,
fish meat is more advantageous than farm animal meat as it is high in protein
and minerals and low in fat. Thus, it is beneficial to consume fish, which is an
excellent food source that should used both for the nutrients it contains and its
therapeutic role in the major diseases of our age, 2-3 times a week.

Keywords: Omega-3 fatty acids, protein, fat, vitamin, mineral

Introduction

Aguatic products are one of the oldest food sources of humans. It is known
that in the periods before plants were cultivated and animals were domesticated
for use as food, the most easily obtained and therefore most consumed foods
were fish and other seafood. In parallel with the development of science and
technology, some living species consumed in the early periods of history were
not consumed as food over time, while fish and other seafood have been
included in people's diets from the early periods of history to the present day.
Although their composition is generally similar to red meat such as beef, sheep,
pork and poultry meat; they also differ in terms of fat, some mineral and
vitamin contents (Baysal, 2002).

Aguatic products are among the foods of animal origin and are important for
human nutrition. When we examine the fish among aquatic products; It seems
that fish is rich in full quality protein, long-chain polyunsaturated fatty acids

! Ars. Gor.; Atatiirk Universitesi Su Uriinleri Fakiiltesi Yetistiricilik Boliimii. sinanozcan@atauni.edu.tr
ORCID No: 0000-0003-2975-698X
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(omega-3-fatty acids), some vitamins and minerals. Fish generally contains 15-
20% protein and this protein is highly digestible. This protein contains all
essential amino acids, which cannot synthesized in the human body and must
obtained from outside through food, in appropriate proportions. When the
amount of protein contained in some fish is evaluated, it is seen that there is
15.27 grams of protein in 100 grams of haddock, 16.95 grams of protein in 100
grams of anchovy, and 19.48 grams of protein in 100 grams of sea bass. There
are 18 grams of protein in 100 grams of shrimp, which is a seafood product, and
15 grams of protein in 100 grams of squid (URL-1, 2023).

The amount of fat in fish varies depending on many factors. The type of fish,
its age, size, living environment, feeding conditions and seasonal factors affect
the oil content of the fish. Fish oil contains healthy fats called omega-3 fatty
acids that are not found in other foods. One of the omega-3 fatty acids in fish oil
is EPA (eicosapentaenoic acid) and the other is DHA (decosahexaenoic acid).
These fatty acids; It has positive effects on health such as a protective effect
against cardiovascular diseases, a decrease in blood pressure and a decrease in
the tendency for blood clotting. For example, 100 grams of whiting contains
0.20 grams of omega-3 fatty acids, and 100 grams of anchovy, which has a
higher fat amount than whiting, contains 4.06 grams of omega-3 fatty acids
(URL-1, 2023).

Fish is also an important source of vitamins and minerals. Oily fish are rich
in vitamin A and vitamin D. Vitamin A, It is necessary for the mucosa covering
the inner surface of the mouth, esophagus, stomach, small intestine and large
intestine, and for skin and bone health. Vision is especially effective in seeing at
dusk. It protects the body against infections. Its deficiency causes visual
impairment, blindness, inability to see at dusk, and susceptibility to infections.
Vitamin D is a vitamin required for the absorption of calcium and phosphorus.
Calcium and phosphorus are minerals required for the formation and health of
bone mass. Even if sufficient calcium and phosphorus are taken with food, what
is important is the absorption of these minerals. If there is not enough vitamin
D, the calcium and phosphorus cannot absorbed and cannot function. This
condition results in the disease (rickets), also known as "that leg" in children,
due to loss of bone mass and the neck not growing sufficiently. Vitamin D is
not found in foods, but fish is a good source of vitamin D. Especially sardines,
mackerel and salmon are the best sources of vitamin D. 100 grams of sardines
contain 139 1U (international units) of vitamin D, meaning that when 100 grams
of sardines are eaten, 69.5% of the daily vitamin D requirement is met (URL-1,
2023).
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Seafood and fish are rich in minerals such as iodine, zinc and selenium.
lodine is necessary for the secretion of thyroid hormone, and its deficiency
prevents the functions of thyroid hormone from being fulfilled. Chief among
these functions are energy production and growth. lodine deficiency causes the
disease known as goiter in children and adults. It also causes mental retardation,
hair loss and growth/developmental retardation. When we look at the amount of
iodine contained in some fish, it is seen that whiting contains 19.50 micrograms
of iodine in 100 grams of edible fish, sea bass contains 9.94 micrograms of
iodine in 100 grams of edible fish, anchovy contains 10.68 micrograms of
iodine in 100 grams of edible fish, and 100 grams of seafood shrimp contains 58
micrograms of iodine. The daily amount of iodine required is 150 micrograms
and 100 grams of shrimp meets approximately 1/3 of the daily iodine intake.
Zinc mineral is included in the structure of many enzymes that function in the
copying of proteins. It is also a component of insulin and many other enzymes.
Its deficiency causes growth retardation, sexual development retardation,
delayed wound healing, skin changes, impaired sense of taste and smell,
decreased intestinal functions and decreased resistance to diseases. To fulfill
these tasks, 10 mg of zinc must taken per day. Approximately 20% of the daily
zinc requirement is met by eating 100 grams of anchovies, 22% by eating 100
grams of sardines, and approximately 12% by eating 100 grams of shrimp.
Selenium is a mineral that we need in very small amounts in our daily diet, but
has very important functions. It is located in the structure of proteins called
"selenoproteins”, which play an important role in human health. Selenium
functions in the antioxidant defense mechanism and thyroid hormone function.
Selenium and iodine minerals work together to strengthen the function of
thyroid hormone. 100 grams of haddock contains 23.4 micrograms of selenium,
100 grams of anchovy contains 26.4 micrograms of selenium, and 100 grams of
shrimp contains 27 micrograms of selenium. As can seen here, whiting,
anchovy and shrimp are important sources of selenium. There is almost no
selenium in squid. A person needs to take 55 micrograms of selenium per day.
Accordingly, consuming 100 grams of haddock, anchovy or squid will meet
more than half of the daily selenium requirement (URL-1, 2023).

Fish Consumption And Its Importance In Nutrition

In recent years, with the rapid depletion of world resources, the gradual
decrease in agricultural land, the pollution of water resources, and the increase
in the world population, danger signals have begun to sound in the food
industry. However, the rapid increase in diseases that are closely related to
eating habits all over the world has brought the concept of healthy and proper
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nutrition to the agenda (Anonymous, 1991). Fish, which is in the protein group
of our basic nutrients, plays a key role in a healthy and balanced diet. With its
nutritional value rich in phosphorus, calcium and iodine and the vitamins A, B1,
B2 and D it contains, fish plays an important role in preventing many diseases,
from heart diseases to depression. Research has shown that the average life
expectancy is longer and people's physical resistance is stronger in societies that
eat mainly fish, compared to those who eat mostly meat and vegetables. While
the risk of heart disease decreases by 11% in individuals who consume fish 1 to
3 times a month, this figure decreases by 38% in individuals who consume fish
5 or more times a week. Additionally, fish consumption during pregnancy
prevents premature birth and protects against low birth weight. Although fish is
one of the keys to a healthy life, unfortunately it is among the least popular food
groups in our country, region and province. Although our country is in an
extremely suitable location for the fishing industry due to its geographical
structure and the climate zone it is in, the average per capita seafood
consumption in Turkey is 8.9 kilograms. This figure goes up to 24.6 kg in Italy,
31.2 kg in France, 44.7 kg in Spain and 60-70 kg in Japan (Baysal, 2002).

Energy And Carbohydrate Content Of Fish

Fish do not contain carbohydrates like other meats; therefore, the energy of
fish meat comes from its fat and protein content. While the amount of protein
does not vary greatly between fish species, there are large differences in the
amount of fat. For this reason, the energy value of fish varies according to the
amount of fat in their composition; the energy values of fatty fish are higher
than lean fish. In general, when compared to other meats, it can said that fish
contain less energy than the same amount of beef, pork, sheep or poultry. For
example, 90 grams of cooked fish, other than oily fish such as sardines, contain
less than 160 calories (Valverde et al., 2000).

Protein Content Of Fish

Fish, like other meats, are protein-rich foods, containing 18-20% protein.
The main proteins found in fish are actin and myosin. These proteins combine
in muscle tissue to form actomyosin. Apart from these, albumin is also among
the basic proteins found in fish. Fish proteins contain all essential amino acids.
Although essential amino acids (leucine, isolosine, lysine, valine, methionine,
phenylalanine, threonine, tryptophan) have many important functions in the
human body, they are molecules that cannot synthesized in the body, so food
sources containing these amino acids increase the required protein quality of the
diet. Since fish is rich in essential amino acids, it is among the foods with high
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biological quality, such as eggs, meat and milk (\Valverde et al., 2000). While
fish meat is similar to other meats in terms of the amount of protein it contains
and its protein quality; It differs greatly from these meats in terms of the amount
of connective tissue it contains. Compared to red meat and poultry, fish contains
much less collagen. While connective tissue constitutes approximately 15% of
the bodies of land animals, this rate is only 3% for fish. Like the amount of
connective tissue in fish, its composition is different from other meats; Some
amino acids, such as hydroxyproline, are found in smaller amounts in fish
connective tissue. All these differences ensure that fish meat is softer than other
meats and that its connective tissue breaks down easily during cooking. Thus,
fish proteins can easily hydrolyzed by digestive enzymes. This increases the
body's utilization rate of these proteins. For this reason, fish can used instead of
red meat in sick individuals who have difficulty consuming red meat, in the
elderly and in children (Valverde et al., 2000).

Fat Content Of Fish

The fat content of fish varies widely; Not only depending on the type of fish,
but also within the same type of fish, seasonal conditions, nutritional
characteristics, salt content of the water and various other factors can greatly
change the amount of fat contained in fish meat. For this reason, it is difficult to
give a general amount regarding the fat content of fish; It can vary within a
wide range of 1-14%. However, fish generally contain lower amounts of fat
compared to the same amount of beef, pork, sheep or poultry and are therefore
generally considered low-fat foods (Valverde et al., 2000). The fat content of
fish consists mainly of triglycerides and long-chain polyunsaturated fatty acids
(PUFA). The most important component that distinguishes fish from other
foods in the meat group is undoubtedly very long chain polyunsaturated fatty
acids. Because linolenic acid (alpha linolenic acid), one of the polyunsaturated
fatty acids that plays a very important and essential role in human nutrition, is
not synthesized in the human body, unlike the other two types of fatty acids
taken with the diet, saturated fatty acids and monounsaturated fatty acids (n-9).
Therefore, they are considered essential fatty acids (Lee, 2003). Polyunsaturated
fatty acids are grouped as n-3 or n-6 fatty acids according to the first carbon
with a double bond, starting from the methyl (CH3) radical; In n-3 fatty acids,
the first double bond is located on the third (3-4) carbon, while in n-6 fatty
acids, the first double bond is located on the sixth carbon (6-7). The
predominant component of n—6 PUFA in humans is linolenic acid. This fatty
acid can converted to arachidonic acid in the body. The essential fatty acid of n-
3 PUFA is alpha linolenic acid, which can converted into eicosapentoenoic acid
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(EPA) and docosahexaenoic acid (DHA) in the body. The reason why the
metabolism of n-3 and n-6 fatty acids is so important is the formation of
metabolites with hormonal activity such as eicosanoids, thromboxanes and
leukotrienes, which are formed in these processes. These metabolites play key
roles at many points in the body. Long-chain polyunsaturated fatty acids
(PUFA) are the major structural component of phospholipid membranes of all
tissues in the body and also affect membrane fluidity and ion transfer 5. Among
these fatty acids, long-chain n-3 PUFA are especially abundant in the
myocardium, retina, brain and spermatozoa, and are essential for the
development of these tissues, their correct and complete functioning, and the
functioning of many physiological processes they regulate. In general, n-3 fatty
acids (alpha linolenic acid, EPA, DHA), depending on these functions, are used
in the prevention and treatment of many diseases such as cardiovascular
diseases, rheumatoid arthritis, cancer, asthma and Alzheimer's; It also plays an
active role in retina and brain development in babies. In fact, considering that n-
3 PUFAs are so widely distributed in all tissues of the body and play an
essential role, it is not surprising that these fatty acids are effective in most of
the diseases seen in humans (Hu et al., 2003). The intake of linoleic acid (n-3),
whose sources are vegetable oils and various plants, alpha linolenic acid (n-6),
whose sources are green leafy vegetables, and EPA and DHA, whose sources
are fish and other aquatic products, in a certain ratio in the diet, is in the
prevention of chronic diseases. It is important. In countries such as Japan and
China, which consume large amounts of fish and other seafood in their diets, the
linoleic acid / alpha linolenic acid ratio of the diet is 1/5; In western societies,
this ratio has been found to 1/100. Studies indicate that the linoleic acid / alpha
linolenic acid ratio of the diet should 1/5 — 1/10 for a healthy life. In order to
maintain this ratio, it is necessary to increase the consumption of alpha linolenic
acid, EPA and DHA sources, namely 2-3 portions (450 grams) of fish and other
seafood, in line with the recommendation of the American Heart Association
(AHA) in 2002 (Burr et al., 1989).

Vitamin Contents Of Fish

Fish are considered good sources of the B group vitamins thiamine (B1),
riboflavin (B2), niacin (B3), vitamin B6 (pyridoxine), and vitamin B12, and the
fat-soluble vitamins A and D (Burr et al., 1989). Vitamin A is found in the form
of retinol in oily fish such as tuna, mackerel and herring. 100 grams of edible
amounts of fish provide 10-15% of the recommended daily intake (RDA) for
retinol in adults. Since it is a fat-soluble vitamin like vitamin A, the richest
sources of vitamin D3 (calciferol) are oily deep sea fish. If the vitamin D
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requirement for adults is accepted as 10 mcg, 100 g of fatty fish can meet 50-
200% of this requirement, depending on the type. Fish are far superior to other
animal-based foods in terms of their vitamin D content. Because while the
vitamin D content of 100 grams of fish is 300-1000 1U, 100 grams of liver,
which is among the richest sources, contains 100-400 1U, 1 liter of milk
contains 3-10 U, and an egg yolk contains 20-100 IU of vitamin D. Vitamin E,
another fat-soluble vitamin, is found in significant amounts in most seafood,
especially fish. 100 grams of fish can meet 10-20% of the daily vitamin E
requirement of 5-10 mg. Cod liver oil has been used as a dietary supplement for
more than 200 years because it is the richest source of fat-soluble vitamins.
However, it should not forgotten that fish liver oil consumed in capsule form
may more concentrated than fat-soluble vitamins, and its vitamin A or D
contents may reach levels that will cause toxic effects. For this reason, it is
accepted that consuming fish as food is healthier than taking it as a supplement
(Norday, 2001). Fish meat is considered a good source of water-soluble B group
vitamins such as thiamine (B1), riboflavin (B2), niacin (B3), vitamin B6,
pyridoxine, and vitamin B12. 100 grams of fish provides approximately 10% of
the daily requirements for thiamine, riboflavin and vitamin B6; It can meet
100% of the vitamin B12 requirement. The vitamin found in the least amount in
fish is vitamin C (Yahia et al., 2003).

Mineral Contents Of Fish

Fish and other seafood have a special importance in a healthy nutrition
model due to their rich mineral content. Because minerals such as iodine and
selenium, which are abundant in fish and other seafood, are found in very small
amounts in most foods other than these foods. Fish and other seafood are the
richest sources of iodine. Especially fish living in salt waters contain a lot of
iodine, and the processes applied during the processing of fish can also increase
the iodine content. 100-200 mcg of iodine can obtained daily by consuming 2
portions of fish or other seafood per week. This can meet the daily iodine
requirement of 150 mcg. The same applies to selenium. 100 grams of fish
contains 12-60 mcg of selenium. Considering that 10-12 mcg of selenium is
found in 100 grams of other meats or grains, the importance of fish and other
seafood in meeting our daily requirement of 75 mcg of selenium can better
understood. Phosphorus, magnesium and zinc are among the minerals that fish
contain in abundance, and fish consumption is important in meeting the daily
requirements of these minerals. The sodium potassium ratio in fish meat varies
between 1:2 — 1:10. This range is quite suitable for healthy nutrition. The
calcium content of fish is not very high. However, fish prepared with bones,
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such as sardines and catfish, can considered good sources of calcium. Because
the calcium content of fish consumed in this way increases up to 300 mg per
100 grams, which meets 30-740% of the daily calcium requirement for adults.
On the other hand, the balance between calcium and phosphorus, which is very
important for its functions in the body, was found to 2.15/1 on average in fish
(varies depending on the fish type), and this ratio is close to ideal. Among the
meat group foods, fish is one of the foods with the lowest iron content.
However, the absorption of iron in the structure of fish, especially white fish,
occurs at a high rate. For this reason, iron intake, even in small amounts, is
more usable by the body (Valverde et al., 2000).

Conclusion

The importance of nutrition for the healthy development and functioning of
the human body and protection from diseases has become an increasingly
emphasized issue in recent years. Aquatic products, which are among the most
valuable nutrients in terms of nutrients such as protein, fat, vitamins and
minerals, have not only provided people with a healthy life through nutrition for
centuries, but also directly or some of the products obtained from them have
been used in the treatment of some diseases seen in humans. Many aquatic
products are excellent sources of protein, fat, vitamins and minerals for human
nutrition. Seafood, which has a high degree of digestibility among protein
sources, is very low in fat compared to other high-protein foods. Additionally,
seafood is the only source of n-3 series polyunsaturated long-chain fatty acids
that have proven health benefits. While fish meat contributes 1% to world food
production, it constitutes 5% of total protein production and 14% of total animal
protein source. Aquatic products and fish will used more in human nutrition due
to the hunger problem the world is facing and their positive contributions to
human health. In addition, when compared to farm animal meat in terms of
nutritional value, fish meat is more advantageous than farm animal meat as it is
high in protein and minerals and low in fat. Finally, to summarize; Fish is a
food composed of water, protein, fat, vitamins and minerals. It is rich in
vitamins and minerals such as lodine, Vitamin D, Calcium, Phosphorus,
Potassium, Selenium and Folic acid, and Omega Fatty acids, which are essential
for the body. Al nutrients it contains, including protein, have high
bioavailability. With this content, fish is a functional food.
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Chapter 16

Forestry And Forestry Industry: Classification, Sales And
Customer Preferences In Tiirkiye
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Abstract

In this study, sales and marketing of forest products are discussed in order to
evaluate the current and future production status of log production in Tiirkiye.
The sales and marketing of forest products are carried out by the General
Directorate of Forestry (GDF). The GDF sells a variety of forest products,
including logs, pulpwood, mining poles, and wire poles. The most popular
product among customers is logs, with 87 % of customers preferring logs. The
next most popular product is 4th class (pulpwood) wood, with 40 % of
customers preferring 4th class wood. The GDF's log supply is sufficient to meet
customer demand, but the supply of 4th class wood is insufficient. The reason
for this is that customers often purchase products that are originally offered for
different purposes, such as mine poles and wire poles, and use them in the
production of thin timber. The GDF should focus on increasing the production
of 4th class wood in order to meet customer demand. The study also discusses
the reasons why customers demand 4th class wood. The most obvious reason is
that customers want to use 4th class wood in other areas besides pulpwood. The
study concludes by stating that the GDF's supply possibilities are not sufficient
to meet the demand for Class 1 and 2 logs, but the customers' preference for
Class 3 logs.

Introduction
With the rapid increase in human population, the ecological balance in the
world has been negatively affected. The excessive increase in human population
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(Figure 1) has had the most negative effects on forests. For this reason, the
protection and management of forests and the sustainability of forest products
have become important. In order to obtain maximum benefit from forest
products, the products have been classified and marketed. Forest products are
divided into two categories: by-product and main wood product.
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Figure 1. Rapid increase in the world's human population (Elias, 2015)

Wood raw material, one of the main forest products, is produced to meet the
market demands of trees that have reached the cutting age and are mature in
terms of diameter and height (Figure 2). Wood raw material is the most used
raw material in the industry and has up to 10 thousand uses worldwide (Ors &

Keskin, 2001; Unver & Acar, 2005).
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Figure 2. Wood raw material consumption per capita in Europe (Jonsson et
al., 2017)

Industrial wood production constitutes 50-55 % of the total wood raw
material production of the General Directorate of Forestry (GDF) in the last 20
years. 65 % of the industrial wood raw material demand in the market is met by
the GDF This resource constitutes 90 % of the income of forest enterprises.
Among industrial wood products, logs, fiber chips and logs used in pulpwood
production take the first three places. (Bozkurt & Erdin, 1986).

In Tirkiye, 48 % of the 9.9 million m? industrial wood produced in forest
enterprises in 2000 was log, 19 % was fiber-sawdust, 15 % was pulpwood, 4 %
was mineral pole, 2 % was wire pole and 12 % is packaging wood (Konukgu,
2001). After 23 years, a total of 25.6 million m3 of industrial wood was
produced in 2023; 48 % is log, 19 % is fiber-sawdust, 15 % is pulpwood, 4 % is
mining pole, 2 % is wire pole and 12 % is packaging wood. Industrial wood
production has increased by 158 percent in the last 23 years. The biggest
increase was the increase in pulpwood production (OGM, 2023).

Wood production in the world and in our country is divided into two,
industrial wood and fuel wood production, according to the purpose of use.
There are three types of production methods of industrial wood.

1. Whole Tree Method: It refers to the transportation of the tree cut in the
production area as a whole without removing its branches and top, and the trees
felled by chainsaws or felling machines are transported to the roadside with the
help of special forest tractors or cable lines. In developed countries, machines
called processors are used extensively during this production technique.

2. Whole Trunk Method: In the production area, the tree is felled, its top is
cut and its lower branches are removed with a chainsaw. After these are dragged
to the roadsides or collection points with various types of forest tractors and air
lines, the remaining branches are removed with a chainsaw. At the same time,
harvesting machines are also used in this method.

3. Log Direction: Falling the tree, removing its branches and top, and
dividing it into logs of certain sizes is carried out at the bottom of the log from
which the tree was cut. These operations are done with a chainsaw. The logs are
transported from the stand to the edge of the forest road by human power,
throwing, carrying and shifting, animal dragging, tractors and aerial lines,
forwarders and harvesters. The logging method is widely applied in the forests
of our country (Ozturk, 2006).

During the transportation, stacking and sales processes of logs, defects occur
in the wood, causing both quality and value to decrease. This degradation is
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caused by direct sunlight, constant winds and temperature fluctuations, fungal
and insect damage, and climatic conditions (Ay & Giiller, 2005; Kdose &
Kantay, 2008). It is necessary to create appropriate storage conditions to reduce
these negative effects and improve log quality and prevent prices from falling.

The classification of trees cut down in the forest is carried out by GDF.

In cases where the number of personnel of GDF is insufficient, help is
received from experienced personnel who have worked in wood production in
the forest instead of civil servants (Giiltekin, 2008).

The following conditions are taken into account during the standardization
phase after the tree is cut (Bozkurt and Goker, 1996);

1- The product produced as industrial wood is more valuable than the wood
produced as fuel wood. For this reason, more importance is given to industrial
wood production.

2- Not only logs are obtained from trees. Care is taken to ensure that the
other types of products obtained are of the highest quality.

3- In logs and other wood products, the drying rate of wood is taken into
account.

4- The bark of gymnosperm type wood should be peeled, and the bark of
angiosperm type wood should not be peeled. Log defects (snags, insect holes,
fungal damage, cracks, fiber curl, trunk deformities, curvature) are carefully
considered in the classification of logs.

Market demands should be taken into consideration when producing wood
products from trees. Wood standardization should be done to provide the
highest economic benefit to forest enterprises and buyers (Bozkurt and Goker,
1996).

After the products brought to the main warehouse are unloaded there, they
are divided into classes according to product types (1st, 2nd and 3rd class logs,
fiber chip wood, fuel wood, etc.) by warehouse workers. If the logs do not have
any fungal damage, insect damage or other defects, they are classified as sound
(Class 1l log), if there is 1 defect, they are classified as rotten (Class 11 log), and
if there are 2 or more defects, they are classified as rotten (Class IV — pulpwood
log-Figure 3) (Bakir & imamoglu, 2014). These products are then stacked in
certain parts of the warehouse by manpower or loading vehicles. After the
information such as wood type, class, length, diameter and volume of the
stacked products are recorded, the stack is stamped by giving a stack number.
After all operations with the stack are completed, the stack is painted in a single
strip with black or white paint with a thick brush and the stack is made ready for
sale. Applying a paint strip on the stacks in this way indicates that the stack is
ready for sale and is done to ensure the safety of the stack against any loss or
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disintegration. Firewood is stacked in the same way; stack information is
entered, and it is ready for sale.

Figure . Stac of pulpwood logs

The amount of wood production in Tiirkiye cannot meet the wood raw
material needed by the industry. For this reason, 9 % of the industry's needs are
met by imported wood. For this reason, care should be taken in log
classification in order to obtain the maximum benefit from wood (Unver &
Acar, 2005).

Sales and marketing of forest products

In Tiirkiye, sales and marketing of products obtained from forests are carried
out by GDF in accordance with the forest law number 6831. Forest products are
passed through various stages and delivered to the end user (Figure 4).
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In Tirkiye, among the trees to be cut from the forests, which tree will be
evaluated in which class and for what purpose it will be sold is carried out by
GDF. The forms and principles regarding measurement works issuance and use
of transport documents are determined by the GDF.

Unless forestry techniques and evaluation requirements make it necessary,
the General Directorate of Forestry cannot produce any kind of finished or
semi-finished products, and factories, warehouses and sales points cannot be
established in cities and towns outside the forest. If necessary, the establishment
and operation of the factory by the General Directorate of Forestry depends on
the decision of the President.

Auctioning of trees obtained from forests is essential in the market sale of
forest products. If deemed necessary and beneficial for the needs of some
government institutions or in cases requiring urgent sale, forest products may be
sold privately at market prices. According to the management plan data, the sale
of forest products, including planted trees, can be made for years, not exceeding
five years (Orman Kanunu, 1956).

Heads of households in need who are registered with the village population
and live in the villages permanently in villages with a productive state forest
within their borders or who have moved their residence address to another place
while living here, or those who have lived in the village for five years
uninterruptedly as their residence address, the houses they will build for their
shelter and common needs of the village, Citizens and the items they will build
for their repair, such as barns, haystacks, warehouses and chicken coops,
schools, mosques, health centers, village road bridges and village mansions,
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will be purchased from the sales hoarding places around these forests, with one-
third of the cost charged. It can be given once in new construction and
depending on the need for repair. In the structures within the scope of this
article, upon the request of the property owners, compensation will be paid in
cash by the administration instead of the goods to be built (Orman Kanunu,
1956).

If log production is carried out by GDF, real persons residing in villages
with a state forest within their borders and registered to the population of that
place, or forest village development cooperatives established in villages and
towns with a state forest within their borders. Up to one hundred percent of the
wood they cut from forests, groves and deciduous forests and carry for sale is
given to them in exchange for the price within the period determined by the
administration, if they request, according to the combined price method.

All kinds of forest products and products other than the forest products
included in the annual production program such as logs, wire poles, mining
poles, industrial wood, pulpwood, wood, fiber-chip wood, poles, sticks,
firewood, resin, sweetgum oil, kindling and boxwood to be extracted from the
state forests. Permission is given to the forest village development cooperatives
specified in article 40, in order of priority, to collect and remove the residues
within the determined areas and periods, by announcing it to the villagers in or
around the workplace and on condition that they pay the tariff fee. The people
or cooperatives in these places are not willing to do this work or their workforce
is not sufficient.

In case of detection and certification, other bidders may be allowed to collect
and extract these products and residues under the same conditions, or they may
be produced and sold by the forest administration. Bidders may be given
permission to remove trees, roots and other forest pests that are harmful to the
forest, as determined by the General Directorate of Forestry, from the forest by
cutting, rooting, uprooting or collecting, under the conditions to be determined
by the forest administration. No money will be collected from those who cut,
root, dismantle or collect them.

Wood sales in OGMs are made through tender. Product types that customers
prefer when purchasing; The order of preference is logs (87.0 %), wood (40.1
%), mining poles (27.2 %) and wire poles (20.3 %). The log supply of the
enterprises is in line with customer expectations but is insufficient in quantity.
In response to customer requests for wire poles, mining poles and industrial
wood, the company is discontinuing production of these products (Kaya et al.,
2023).
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Reasons why customers demand 4. class (pulpwood) wood

The fact that almost all of the customers demand logs, and 40 % of them
demand firewood or wood for wire poles, mining poles and other products, is
due to their desire to use the wood they use for purposes other than its intended
purpose. It is a known fact that when log prices are high, buyers purchase wood
products such as mining poles and wire poles and use them in the production of
thin timber (Ok, 1997; Akkaya et al., 2020).

While none of the buyers in Ankara produce pulp, the reason for the demand
for pulp is the desire to use it in other areas. As a matter of fact, by using a
material flow analysis technique, researcher Kog¢ (2023) determined that "the
products sold by GDF as wire poles, mining poles, industrial wood and paper
wood are consumed mainly for logging purposes.” Although less than 20 % of
wood buyers demand 1st and 2nd class logs, the Regional Directorate's supply
possibilities cannot meet this demand.

Conclusions

In log production activities, the continuity of forest resources should be
protected and the opportunities to benefit the country's economy should be
increased. Reducing losses in product quantity and quality during the
production of logs and other forest products in the forest requires the use of
advanced production techniques. Wood defects, which are taken into account in
grading the quality of wood, occur during production, dismantling and stacking
activities. Preventing any disruptions that may occur during the production
phase will be ensured by experienced or trained forest workers using
appropriate cutting techniques, determining the cutting direction correctly and
using a chainsaw. Pruning and peeling of trees must be done with appropriate
tools, taking into account the bark thickness of the species.

It has been determined that the problems related to the customers' sales sides
arise from supply deficit, compliance with the standard, quality and
measurement errors. Ukraine has not banned the export of unprocessed pine
logs. The supply deficit, which arose due to OGM's reduction in production
level compared to the previous year, is being tried to be eliminated in the
following years.

Thus, although the factors affecting the sales and income of forest
enterprises are local and controllable, as in insect destruction, they can also
arise completely outside the control of forest enterprises, as in the case of an
economic crisis. Therefore, in order to reduce the impact of such factors on
tender sales, taking into account market conditions and possible demand
contraction from the moment they arise;
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* Creating tender sales amounts and dates in a coordinated manner at the
regional directorate level, while keeping stocks low,

* Relative reduction of supply and therefore increasing sales rates, taking
into account market demand,

* It would be beneficial to follow strategies such as shifting the production
season as early as possible and meeting market demand with fresh products
instead of stocks (Dikilitas and Oztiirk, 2010).

Increasing competition in the forest products market forced OGM to develop
new marketing strategies. Sales analyzes are important in developing these
strategies. Sales analysis should include price changes, stock status and supply-
demand balance.
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